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'l'tle lI i q ll!lnval,tltl and eilJflllYllc:t:o ra ob tl!- iNld t: ram us in'il th~ ale,odthm

(nonl i ne ar tree vibr a Uo"n valuell are WIlle! to dllurmnll ' tJi ll line a r. ' " ;, / .
io.t:Ced""'Yi'i~1l to i C Il •.forc".~.l takin~ i nto a~t: the non-p~ '

por~ona~ty. "o f ,th e .~in9 _ IlIlltrix and t tut re.;nlI~ ~~ti~.

U e ~lned by I "s t epo.by- rt.ap integration ••thad:
,'ft1.e ,~r.'Uef.8.~ed ~ be riqi 41y connected;' 4 .- the·

". -. -,. ..-, . ...
added wster mas s is . s. maed equa l to til . _ s . ot: th t w.tei: db-

- ~ ....

. . ' .
pillced.. 'n!~ lItniCturlll 'lIOdlli~ln9 is ~~4 on II 'tvo-d~~Ml •

re~ll.t!Int.t1~ Of', the u.r"-d~nd~l ~r U-.~9 a ~tant

~lon ~l ~ tlt8 ba.. l~th P"'~iutiCu~ to if~ plaM~ .

'1'tIe 41at:ribubtd".I1 11of t:hIl .u.ben -i n ~Il plane of ' t:h e f r _ 1I ;

Jar..=-Putlldb)' s lDllling" up' the' .tru~~.l mull. -th e .... '~f l1.:".'
", water · con~ 1~ .~ ~:~ ~ _ •• o f th"~ ~~P1a~. .-# '

," 'I'l1e,~r __ lid obi the plant pe rpendi l:U41r to the fr.- ' U II
" 1,:, : '" ' : '; , " , " , . " , _ _ . . '
alll-.:l to 'be·.l~ at the hor izontal cross-brace llrnlls • .

. - . .'- ', " , . ,I - _ •

. ' '%he re eu1t1 ot th' ~t1Idy lndicfu t)at "bU e th e tint ·. " ~ - , . .. .
. tile! trequ tllcllla obtdftlld"f~ th.-..,ltu1c-.-:-MUll-. al.qori1:hSi
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'. :\~·:r~~~~~.· .l~~ ~:~~~.: ,e1l;.~}J) dI. ,~ t~~ .~.;.-
~ . ."':.::.:.' ~~.:~~d~~ .i~.··~~~fi~~~ _r_~'~ .·~~~ · f+~1~<·~ .: '

·"".:~ . Sya~b ~l_ "'1lI~~ "" 1&r9. ~t-a 4u to tile reduceot

:.:: : ":~·l~:~~~f) f~~~~.~ ,~·~.·~l~~:.':~ ."': '
<..:~ ..~~' .~~, ~~~t~~..ttIe . ~ J-9Jdf1~~. e.{t:.ta tt ~..~.l I~~'=

" : . !~~ j.ft. ':!w c!ylYa1c ~t .tiff_•• ..~.l1c 1n ~ Ali5'Oll:" 

·i .~· -~f ~ ,orf~~~. '~' " ~e<Jbc:t or ··th. ~ri~~~l,

::·' · ::r~~,:::::::?1 ::,:'Z::.:;:,,:b...
.", .' .,' " ' ,::".'.. :' . "". -. ·r ,.. ··.....'·" l ..~
, 1) lo il-.tnctur. In.t:.ar. ct l QI'l _tudl •• tor , qr."tt:y on_hore
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, '. :" ,,: ~~~~ ',~r , ~'.:ve;'" ,~-~~iti1 \o.·~~ .~~~~~~;.:b~. , ~': 'V ""
: R~d~Y; P1f~88~,r :O:~ :.~~i~~ri~9 . ~~. .~,~~ed. ,~~,~e'?F' ~ H&7orIt .:':
~V~(litr; of NlN.~o~~a~. fo r hb 'i~,Pir~an~• • V~l~le :;' ,".
•~qes't.iorii;: ·.moUv&t1~n'and Colltin uQw/support Vith' refBre~ce '
',". i-. .' . ' " . '

, ,' lIat er i a l :t:t'~uqhout the:':jecl}" . ~rofe8S?r Reddy .' s painst;aki"li9 ' :

~ .tto~efu1 filU~i.lon and Cl'itieism ,t ev ery s tage, "-

C'.., enabled canpl~tion of th e ~e~is i~a f " t'1I in a .t4....on~ly
.C- ) lhort Wi; . Ap,preeut1on 11 uprli... d to or. )."AzocklUamy

• and Dr . ~ , ~bf}for. valuable Ideall.t u1'erenc811 and entlludallt~c
'. .

. : " .' " , .,-.. , ' . . .0 .' " . . "

" ..-. Th1 au.~o~~r~teful~ ,a~le~ge~ ,thll, kae n .:~ter~lI~ 8J)d, "." .-:.

. encoura9'esnent of Dr . R,.t' . ,Deql s t e r . Oean . Faculty of Enqlneering , •
:: . ','., ( : :::- ,' . .r>; ',< :',...'. '. ". . " ' " ,, ,~. '
~ ,Appli ed, sr:Llac.e . 11.00 the ge,neroua,f}nani.cal suppor t _offeJ;ed

'~-'~'emJial'" Un,~~~'r.;ty · of, ~'~~~~.l~d~: ' ';'~P~~,: 'to

. · ~~#1::~:::5uy!.7~:I2:S~::'21r. .
8\1~~rt~ K:r. G,jSOmerton 'of N,.L '.C. S, · fNewfoandland and I.!b~adoJ;

! ,:~±E:·~h;:::.r:-s~:::,:'~:~':~li: " '.'.
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· r iqure

:::::~:::~'2~~::~'::~:Z::" ' :" ; : .'. .5
,5"2;:J~;;:!;;:~~~:!f;fEf~;:::: ~': :,:: '":: '{.:

. . ::.1,':-

5.13 i~r~:r;,.:;Ly:.!j.y;.~:..0:. " ;~"; .' "•• ," " "', .:
. S. U . T~Hi.~?,.tor th~ ::b;lal , to~c. ~,:~r: , . : : ' .:.: .~ , n "

1 . • ~ .NOd. 1 .... ... , • •• • • ~ • •••• ••••• ; • • ~ • •• •• ••• • • ;··I 99,".

,. 'Noa~ ~j.i:t:'~ .~ "b~l ,'~;~" '~C~~~~t'~~~ " ,:,

and V~l ,'%'rlUl:" la~ion; • ••• : ., . ~ . : : .' • • •,-:'• •.•:• • ~ . ;,. :. -:: 100

· 6 . 2 iypi~~{,~-tit.~:e·1' lJ:~~:~n.~.~ '~;cr~~;,', : : , ',: '::'-".
!ie·COrM.· C!'orctl. " . ,.'1'_ ) ' • •.• • • • • ...:.• . . • • •.• • ..• • •.• ;.. , .

"6~ J i Locati~~ ' of ~~:.'~·..~~1~t. '~~~. ·~'i~9 ·: . ·
i n the~ , DJ,r.,ct.il?ft N X'P"lIdleular ;~-the ,;~lJU\I,~

;:./r~, . '~ " "'.;;:'.~ '..' ," ~ ' ~ '.~~.~,." ~ : ., ~~.~). :: '. ~:.~ ~ .:. ~ ::: .
. 6.~ ~: :::~~~~i:.t~~.,~~~1D~:~:C~:; 6 .1 . :

·~ ~:~~ :,·i~i=.i::;~:,f~~ :~:~:;e~i~~~::~:.i~.~:~
6·.~ _ :r~./;u.'~~~ie~.. .: H'~i20n~i" ~i~'P;.~~ ' ·~i' ~' , '

-. ~. ~;y' .~o~.,:~ "O,~~"9.,btr~..~,i~~n .~ nb~ ,.-~ ; 2 ~·. ~ .;..
6 ; ' ! I.e-Hbtoria.foJ:.~bo~tal 1?hpl.(DtInt at ,.Nod. .. ' .

.~ . .' .l~ f~r, ~~ .~.i~9 ~t.i~e ?.i~ .- l~ , 'I'~~: . ~ ~. ~ .. ~ ," ',,'~ "

· 6~ 8_,{~;~~~~~~ , ~~~~n:r~e.~~~l;:i~t6~; .:~~. ~ , :

'rtm&-ru::' tO~1eli 'tot 1o~bontai'DiaPlac:~t .at ~•
..l~ , ~~~. the ~~i~...;~:~ . :~~Ven}ll" Tab ~~, ~/ - : . ~ 'f



:~~~e/ Iv· de.~i:ibe~ . ~~-; .,cIa;. aYn~he ~i.• '-f.80'hni~:· ,~', u.~

~ison of th e re s 'lllt. wU h tm,.e' rr- • :U~t. ' .o 1'll~;: . ."
":~" ".~~&+Y"~~.~~~~·~: ~~~~~; "o~~~:~.:: ~~7- -,ie ~+e:"~l~,;is.. /'~.!
to wilve fo rce. COIl.iderini; tho! enct .,luU ,OJI 9l latual v ibr a t io n,

, " , ,," . .. " ., " :' ",; ;. ,>,.. :':
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.... . " '-.'

'~ . ~'-: . : .

" " /' ; '}\'" , ' 'J ,: "

:.:....'~.,>.;..,: -.,. '..
. , . , ....

,:wtU~b~~{t.~·. ~~.a; .U:.t .4~:: ~l ~.•...r-~~y ' b~; 8" ~hoor~-~ .

. tha t ,t ha dlJe nvulM. prob l ... . (I::) [XI - . O'- _yill .xeeptlc~ "

,:'.'.. ;: '·32~i~l~:~~X:~::::~~·~:~::~.
···,,\~:.(d~~;~t ~f ~" ~t u.~ ~~~. ~ '.~ ~~ ;~~,',~~l~~ '~~t~h
. .. . -- ' , ' ..' , ", ..' , . . , ... .. , " .

,~ ~a .th . ~',tena.1ntJl.t ~.ro..,.. ~n ...~ . 8-,_,th.e : n....r,ou~ .4~~ad.v-:ntage. .

·~nci': PJ. t~11 8 0'f ih.. ..bo~~ p~.dm 'h.~.' b~n "~.';r·~ . ' ,.h.
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.: ';;;'
.' .. ' .

; -; . , d<:<~~I'~_;: '.": ;

not~ , th~t" :~~ -~~,_!-~qlial:ion , ~~main~' :~~id,a.r;;: '..: . ~ ",
r"" ; .0 'Ttl. Application. ot"-the A190rlth11i. ·to Infini te 'SyBt-.e ··

:-; -. ~ti ~lq;r~~ ~~ie-~ '~~ ~~'ci' d~~~ti~ ot" '~; .~~~ -.
-, <, ~~ :' ~~~i tr'~en~i~I· ~~~ -'.~ ;~~:~~ " t"~~~~Cy/ ~~t~~t ' ~

: ' -': " ' - ' 1, " , ".' " . ., _ . , - " _ .-, 1". ",' ; ' , . . "
.:', "'I~C~,~y_~n9 :~e:r ~~t,Ual .value~,. (' ,~,i"~\ 1tnowl.a9~~~1"'.~~ d~. ~~ .>

-. ' , : '. n4t~!l1: . ~r,~~ncl~" :_Wl:~:: , no " PO~'~ill:t~ ,a ,f ,~,Uin9:: ~Y,, : . a_~~ _. , _ : " : , -~,' ,-,;,._, ; '. ,

···· :::r :;d:..;;~ib:·Z:·J~::,::'~;::;::~:o:i:::= :~T~?y; · · >.
".' " ~~l~~'~ce: ~~ , ~ -~i:Ur~l- f~~~Ci~' , ~~~'-' ~~~~~ :. X ' ~ , o>'~~'~~~ :th~

. , .' . ' . ~" ;' :" . -~ ...- .' - - , . ',

~:;al~~~thm ' ~~:~ :a~Pli~ , "~'~ '~L, . ~' -'an' 'tWo~~li:~ai"

'- fra~d 8t~t~es- S~ii.4:r· ,~. h~ ', ~r~" dis~~"~ indet:,il

'~~ ; ' 2': '. ' I~ ~is aPP1~d~tion; ' o~e h~it:'.' -~f "~~ · ir~ - ;~th i ;2'
< .- - .. , . ,- - ' " ' . - • '. • - ' ,. , -- • ." :- ~ , .:...;.'

': ; ':' ~' : ':~:o::.f:::~2~='o:;::e:.:::S:~::~:::::::::~f ~ --
."", , . .: ' '.:, , " - ' _ .- -' --:,.' : .> '.- . ' - . :: ,...-, ' ,--'. ,., - '" , ~ , .,' ," , '-

.::;::~:'::·::':~::·~ '~:::'::::i;:r~:rG~:; ' ;. .
';:. ~.~S.~la.t,~ ,.,,:i th : ,,~ese , 12 . d,~~~~es :o~, f~.e.~:9iY~&: , ~ r::'~~t.e- ' _:-., , :::':, pie~~ : _oi th e:-.nat ur, ·of.~~ ~~r~ ~1t~S!'. '-yrtX i~~ ' th~ 'Physi,,?~l- .' '
m~~ ' :~'~8~~J.~~d.- ~ith . th~ '~eteni~t. ~t- .~~. itit~~ll~,. ..~tii~_ : >..'
~pproaehlD9 l~inity~ ' " Ref; '4 ' g:i~e .... the·rul~s · for--'finding.~'ll

"__f:~. -re'~r~~_}a~~:i -~re'q~~'e~eS'··.9 ~· ':~Y " ~;~.~ ' Wi'~_ .'~~~~~, ': .~i9~dl~: ·
'.: iOi,~ted , s~· ~~.· ~;~,s " (~m)<: ::~'~~:~:~~~8~~·:a~lY;~.- . · · · · ":::.",... .

, . ~oundati,~~~. ' _ ( ,J.-) ,' , and ~~ . ,n~8r :-.o~ . ~r:e:~e.~e8 _o~ ~ub-.~:~~.•-.-:. ;.:
,In , add.iUon .,~ ·'·~1nIP1~. ,and effeet~ve ,m~tl1od -co'~.';~rg.~9 on: a.
spec~f1!>d ' natur~ :f~equen~ . and bese.:t b~ · th~ .above . ~eBuftll -ill



..'.<..:..':

" ,': , . ' ,;.. ' . ' ." , " . ."." - : ..'., - :' .
. ' SWannel-L· (13 ) · applied 'the -alqorithrn to ,so l ve plane f rlllle st.r1JCtur"ee o ."

. . . . ,. ", '. ', , - . ,. ,. ,', . , ,, ' .

.>.,. ., -"
. :' ,' .. , . ', . ' :,' : '::. .. .. ; ., " . , ,,' :, : , . . ' ... ,, ' ." ' ,;: ,; " , - ' ''' , '

11ie ' effecta, of shear :de t o J:Wlation . ahd :r;otary inertb. axial

.- ;~~t;c i~adi~<~n~. Vi~~~~'d~inq ,;~. ~t~~~' £.~-:~ te~"~~: ~

· ~~5'h.~O,. :·~OU'!9 and .Wf!.~V~ ·i 14 1 ~!•.' Cl~~q~ ..(15l i ' '~lOUBB~'-:'( l~{,,'an~ "

· "~on' (17') ·:q~~,-.,~e.·',; ,f ~ect· ;~.~ e~ch ·.~~t~~ ' o.~:~. '~~t~r~l '

;~~atio~ ' Ol: ~:-tOl:l•.)'he ':o~,U.-t1~ ' o~.- .t;h•.d.ift~.•n~i~i_. e~tion
,-~ '.- ." .- . . ' .. ':'of bteral ·,vibrat iOn .of: a belllll ine:udlnq .the .above "pUllIIIe t e r s:-' :' , . .

· ' W~' '~01.~8d bi ':'~~li' ~':1 18l ;: : '~ the "~ElIl~lt,, __~~e p~~s~~~ in

:::.~~;'L~7.::. <:::::rt<:.~f~.~t&Of.t&·4V& ,

....;,:t2::::~:~~::f::·:1i:·:~:~:f:~:j~: ·1

Th18 'i~~~ 1i . 1:s.,.nUc~-f to-th..- ' ~e - di~CU8·.ed -by'.S:i~~-}" an~

-.-,'~)~2' :" , wb1ch··~~','<~~n'~tr?~e_~ .;i~ 'd~p " wa'~'i '~t-' ~h~ I.~nq~~

;', pil _Te~~~ i~'~gi~" ~d_' ~~:f~r~ ;~ver~'v~~~~~~. ·~~i;~

.....>:j:::.: ::th:,:,,:::.:~.p~:·; ~,:::,::t~:~· · · .
~~~~i' :~~.~~~~:.~{-·~~ra~~· o~ ,·.~, '~:t?~:-: e~: ~-. ~:i.~:~: ,;~e.~~9~:; - ·
and . eeccnd, the problem .of dedql'dnq ' the' piles to ,en s ur e that
,' ,c· ' - . ' : - ,~: ' - ' ,' : ,~ .. " . ' "" " ;, , " ,- ,' . : ', -- , .

..,th e 'flU\dp\ent:-"'l fr~ency ofv1bration Ilxo::e,edll ,_ spe~if l,ed -value . '





. ' ~:.

. ~ ..
'. ..' Y·Y . " ~ " " ,
and ac..de~at1o,.. C&Q be 'evaluate4 .

.:. :::~:::::;:::2::;:: :~;::::;:'...
~ H~i~_ " ~~~~ . i'~~:~1 u."ed ~, .~:..,r~ .•t_p, non-,~u.ar., . _,

~avelJ . ·Hoqben . 1U~t.r . Searle .~ Ward.( 29), ".v.. aboom th at th o

. r..,~~~'.di~t~ibu,t~n. :ot'~~~~f :"~lQt:it.l:. ~ aeC:l.,r,.~~na , .
u: e not ve ry 41~terent, t~ :hotI " pradlcted by , the ,relative~y...-;'

~ ilIIpl. ' M~' Llnailr ~eoQ"''- ~rr"upOj,d~~y " Ie:".. 'b_ n ' t oUnd

:,'~~~. i~\~~:~ ~a:,e~ ; :~~~c~on~. ot 1~a4'1~ ,~1,~; ~rY" ~~~~: •..: ,

• \ao~J~\lt .".1~ .1neeqratt ;, \ot."" to~~a. uP,t orth e. '~~l'~~:a1:.'

, aurtac" ql""'re .w.U wl\lc:h do not difhr '1re. 1:1,. t na pr a4ic-t.ion .
":" ' , . ", . '. ' . I . . " . -.I

based on S~:11'Uth..~~~" r~~. . , ~ ... .:-: ".;: .-
2 . 4. ~ " ~r~_n~,~.c~ . , . . . ...~, ,>t::~ /.~·.: _~~'\' . " ,,~:.; ~ ~..

,:rho Mori_ aquaUOll t30 J fa ad.qv.ta tor ..,.aluaUad ot the " ~ " ' , ~

~ _~. ~;rea :u"7· ' j':.:. ," .,' ';' :-.. :.: ', ' . ' : ,. .... .-- -. "
(1.) :!"". di~~r o~ . th"'~~ et.nct ur il~ 1&

· .~ii ~~,1&~,to th~ ·~va~~.-:~ ' ~,~tit~ . ~. '...~' ', ~

~:~ .~,=~~.: ,~i.~t:' a~ura.~n~ .oo· th~ - .~" v~~: a~~~:iAg .:

~e ,~ t!'. ,local,in~luanea o~ .... iCJhbour~hlJ. ~nu ..: .l'or ~

~:. ~ ,~~~. t~~ ~~~~r~~ o~die~/..a.Vd~9,~ : ~~/:l}..,<'.O..~ . 1&:: . ,:,'
. · re~.d by Ho9ba (' , (ll}, b aa Ad i>,n th. ·d.~ of Chaku;bard · ' ", . "

. ·._::::,::'~::~~p:.q~:!::u~..!~:';:'::.~::· ·· .
". ' UI ~.e oo ru.pondlnq r ahq . c.t uniform i-ty ot~~v. , aw:.faefl •.~Opl:l • .-

' ,_ ' , ~ 2 l -.'th.' ~"'a1~'Uon '!~ : tb8 ' ir,.;~. f~ ~ in ,tM ~~ia?~::

. ~ ~~tio~__ ~~l~~:;U.~:.~~..'~!f1~~t.: .~ .~j:+ l!.ti-.~. '~~c\ll~ ':./

..-...•
' , ,'

... .. ' -:

.. . ',



- .' ,

ohape 'of struCtural -eoiaPon~nt ' Illld the COJ"relilpond.ing direction

~i lt~ "Ceel~ration v.ctor. ,~(lll ~ffici~t. f o r variou ;
, " . , ~

d mple geon'ls tr; cal ehapas ' are given by l4ySrB ',e t a J: (33) •

.' J " 2 ;'~'~ J "~aq ~ :Iriert'1a ~~clr: coeffici.enu

~~t~7i~~~~:.!
' 4 high ,h~,l!9~ , '. :~ :' ,car~.te:" ~\IIllbe~ 1n , hi' , ~lutl~ :we~,~ channel

e~~~~)" :· ,~. ,th: .,~~~~~: ~t~~ ,~' ·~e._~l~;d~;.- · b qua~i~ ,
steedy' ,a t hiqh .~ulegan - Cal'p~nter' n~r8 .wi th , pos't4::Titica~

Re.YrD'lda ri~r'; dr8i. coe:fici.~t8 Can ;~. 8xPe C:~ed · t.o. ,b~ ~loBe

to those .of '8~~Y' f low.. Whi~ are i n the r ange o f O,60..(l: 10.

A cp nstant Va.l~ Pf ' C
d
<" ~:. 6o·il~~refO~~ ·8IJ1l'le~dfo:r 'th1e

-.::jt ::~7:::::::,:t.';:d:t,~'~;~.t~ , 1- 5 ,l~ .

,For ."an i ru;:l 1ne d otreular ,CY1~8i:.Chakr,sbarti e~~ ai. ,.{ J7 1

~ge~~- ~~ :~'~;:, C~.II flC'il"p~ihei~le sh~Uld' be 1I88~ .' .

, ~~,~;~ , ~=-~ . P~'S~~8 ~orc~, :~,B' a~.~~ 'w '~ 'i~.~~~~~'t ft.
tangential :vel.oci t yl ., an d the Morieon ~tibn used with the.· . ,

" '~en~':~f : fi'i11~ V8~cittY: no~l . to: '~e "~ o f , th e cylina.r .
, . ", :' I". ··· t . • . ' "'- ".: .. ' , ' __ " f · : . ' ,- ,.":

the 0lI1yinfo:matlOll-avallable on in clined cy l ind ers . :· .
' : ...,., . . . ..:' " .:' .'.' .,. .' . ",' .:. ,0 ,' . , ',' ':." 1, . .:

no .wave , f or:-- .~lfic1ents \lf8,re 8~'1ellted because



c arri.d out amilytica.l , experilDental and held stUdies on the

d e'terndna tion of s tatic ice pr~uure OIl' . tructures , prJ,mar :l.1y
. .

d ue to t e-perature 'fluctuat i o n s within the ice s heets . '. Korz:havin 's
/ ', ' ~

~8hensl~e $tu:l.ies fra.. 19 33 - 1962 '"'!'",the_d8tendnation Of ,

. . .ice ~eS8ure8 have been '~uamariud ,by ~chel 1411; Blenk~

-~d .~p~'.'~~~ ) ..'.have 'de~cr~.~ ~~ . ,an~ci~:ed., ~~ " ~~,~~~,ir-ns'.' .~.d . ! .
maldml,1:ll ,i ce forces i n .,the ~vrand Banka c,of f the COast 'o f Newf OUl\dlilnd .

{ . "' :;," " , I" . ", " ,_',. ' :,".:, " ,-";" .' ,." . :: . , .<" .

JCopai'Jorcoclski et. al,' (43) ude ~e1 studies on 'i ce sheet s to :
:' , ' :', ."'" . , :', . ,.. . . - , ' .. ..

d etermine. th e melUl i ee: preSllure ~d : vari~Oll Of the :values

.' aro:und ,the _ an. It 'wali con oluded that sheets with 'slIl811 hid

(i.e,,:' r ,icmess to, ,ind~~~~ wl", th ) ra~o~ f~ll by:,ins tability _

. while shear, fllillU8 0c curs f or sheets wi th la-':9S hid ratios.

Hi~ayama:' st ;"1 (44,: 451 B\19gest ed an ,empi r l ea l to tmql l ,toJ: t ee

p ressures wtiich' takes ' . i n~ '~oon~ideration ene inde ntor . hape ..

and diUete~, . iee th i ckile s s , and ,'th e reJ.at1v~ ve10e ity between

ace M d "'••.r,,;t~.. . .I .'. ' •
Af"~s 'ev 146J ·developed ~ empl~iea1 e~tion..-t~~ , loa~Ung-

on Verti'~" l :'''~t~, .ba~ed on ~iP~r~~Ul :'and th~re·tiCa1 :·~ tlldie8 .
'nIe American 'PetrolelllD' I ns t.i-tute's' (API ) t eCOllmendation' 147) indic a te s

. " .' -
ice crush i ng- strengths of 200 - 500 psi f or the ae temna t ion of. .

.i da ' -forc~s .

2 . 5.2 oynu.ic ' Ice FOrce's o~ 's truc t ures

B1~;q lllld itrlder, (~8.) ;m~lYZ~. art O~fabQre ~opod
. , , ' " , , " ' . , ,' , , ' "

a t Cook I nle t, Alaska , llubj e c ted to tidal CIlr re nt-driven ice

l~s 'for d~amic ~ ~espOOs~'~ . l\.es lllllinq , th e pr~ry 'structur~1'

··respo'nll'e -ee iC~" fl!l'8 exc~,~tion:__,~.· it~ tundu;.n~l ~e o'~. . ')" , .

; .~ .



v ibntion, lUtl oek. o..wJtint and 1'li'lU. (49) __ ly&~ III wUlever .. 

pier , .ide alized· .... 4uIped dDqle~eqre_f.rreeck. .,-au. and

" ub:l ee"t~ ·to·~.tul.ted. .&';"~th-type deterdnt.~tic l~ng .

nte ~e:i..~ r.~e e~ ~ .• ~.~~~t '~+th. earlier n eLl

_.eur~~te" ot ' P~~ (,50f. · ~~u.:l~:~'~~· (51)' UlI~ ·

. : I~~E~~~]S~[~2'
,of:~.!e~PO;~.e~ '. or .~ phe , ~ubj ect.4 iO ~.~e · .~t'l~~ '~:f W\i'fO~~

. '7th1~ i~~ ·.~~e~. t~~ 't~~' t~re.·O~~1~ 1.tJ.~~. · are ~~nant

in the·.r~~ O~ 1 :~ . ' .- ~

2~5 .3 RynalIl1~ 'i.nair, i. C;t 'rhed Offlhore 6t~~tUr'" t o' l ee Foreel :
bddy: aDd~: L5] ) - ,is~ ·ih.i .·~r'~~"~ .~en~ity "thlld'':-:

fo r tb~ ·lSeteD.iM.t1~ ot·. r.~.e. of an ~tflhor" ·.•tl-ix:ture ~ :,:."
, .. :" - ". '. - - . -' . "-' .

·E:t~jjI'~t~~~:~~th{:7~ ···-

."), '::t~·;~;:~:~;~::TS:~:::2::~~,~ ' : ,. ·
th e r~aeUe:m at t;he ,u~;-,~~~e '. ; , ~dy;~..... atd , SW~da8

-. (54) :~v~ic;.~ ' r~~~~.e . :"~e~~ .! or .'J.'e., i f~~~;. - and ~s~ ~~e,~e f~~- .·"· ; ·

· ·. :·~:jJ.:;:::·t!:~~t:t;t:::t::l:Lc
'.~ ·f:.~~e.~: ~~~:~ ' .17,···:·~f.·~.~.)~.~: .;~i~: ~ ::~~i~~-~~~g.:', ~ . :~: :..:
U"~flIJ th e '..sde4 W&Ur. _ n to btl equal to tlMl 1. of vat er :

«> ...., <;:-:,.~':..' .~'~~..".';: .->:,.::
. : '··1-' . !", ',.,,- ...: :....: : I '. . " .~:~.

:!~i0~7A~,;~~·,',b)",:rj" ",;;-

",'



as

displaced ~, 8uqquted by Kin<;j ' (55) • . The ice-force rtoords

weu digitised u,inq the Hyquiat cri ted on , and the ~t.ation.a.r1ty

of th e , e bceen ice-force r eeo:rds ·wll,s . ve'r1fl~" by 'u8inq the

Ji".Ql~qoroV-$IIl1t~ , criterion~ ': The ' WQrk: i~c'lud~d\ an axtens i Vfl

:\ ',~~~_e.~a~~.<,~~,~~~· ' ~'~~·~~~~~~,~.J~t~~~~~:~~n' ~.~" " '~+~" ~~ ;' '~am.id~~ .
',: ',' andBIl~4,ar , ' ~~! : , ;us,\ ~,e, '~,~ ,t~~al', ~~~S,1,t~ ~.~.~or. : ~~ . ,

.' ., '::,~,eJ~~~'~ ':~~.~~~~~ ,J.o5· '~ >~~~~: , "r~~,.- ,~~:~ ;, ~.~,~ :~~.~~~,~" ,, ~,~: ':·: ,~e~-r . :,

" r-. ::::+;:r~o:';::~::::~:;::~~';:::t::to;~f:7~ ...
Uni.te ·: !8-'l emellt:' _me~~ . , Instead' cf 'a8.u.d.nq''th~ ~dded "':~i::er "';'D:8 ~

;~ '~' :;~l:· ~ . ·~~ ·· '~~~~~~~e.~" ~~~e; ' ~e~; .~e fre~~~ de,~ndence,
o,f the add~ wat er . ilias s Va8.· .tak~nin·~o ~c~~t based 'c.n the

, . ~ • ...
~ \ll)8 tru~UJ:e ~~pt ~f lA.~j '.:~ pr~r~ '~O~ ,:R8s~~.,e ·,Of .

Ax~sl'Jnetr1c : rowe r Sl7Ucturell , Surrounded by 'Water (56). The
'. . ' , ' " .'..' . ',' , ' , " ,,:

:hY.hod~~c intll,:ac~10:~ te rms 1~ :h~ ,lllOda~· equatiOntl..'i1f II

bo~, .Val lle ' pr';;lem~:, fcr .t;h e il\1idd~!n •. -<,~~ "f:o'r~e

:re t;Ords , nr~ ,qenerated ' ,art 1U e1ally :foilowi~ '.. metliod
., , ',' : . . . ", '. ' ,' ' ' , "... :, " .: ,. .. ' , ', . ...

~U99'e8t~' by :sWu i das ,",Reddy U;4 -Pur~ll: (59) ba~ o~ ' t he

s U:U a ri t y beb,~en th~ fl~ctUlltlnq Pa,J:U'of "r atidomiy ,vUy'i nq

t;;:7::'~~::~:~.':r~: lr::,::z:c;:.;:r:::::::' .
llnd ,re",ponllee . . . '. " ..'.•..
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stiftness ~trb: rkci.!}] which is eunaarllled i n .Appendb: I •

. 3.3 The Deteniin"ation ot'th e ' Natur8.l. P'r6<JUene!ee

The ~~ursl".~re~eney : ~~ .~~ ~l~ear , e1q~~lue' p~lell
offrllIll8 lU=Ueture. i~ de:t~ned ' frDIII

..'~,, '..v.:

. " '-':
":' \

. ·.·::r~'· ;~~·.h~·;m2:~v~~: ;:t~t·.;;:~;~;iOM·.._..'
;' . ! . ' (bl , ' lk (Illl l ' . ,.. , '·v- O 'la .notneclls8arlly "s,·trivial

~ _ ::o::':~:~}::j:t7~t::::r~::=_~:t:~:"
. .: POin~ii '~ut~t" lk ' (lI)).f:,, ~Only,when'" t~rl." "of' ,ik~(WlJ beCCIlleS
, ' . . " " J ..'" . .>. " ",' " .. . .

" : \ • infinl~e:>~:t:b.,at , 'MY.;~icll:l-l,Yi- .s uch ,&nollve lilt, ee ece • .wh~. any one

, or fIlO;. 'Q; ~e I.l~~· ~f tbe fr:u.. i~'~t ~ re~ol'late. If

. "i'Ki;~
. " .~~ :sct~l ' ,lDl:C.:~d .~~~~e, :will· " r:.e~M1=e . :· , HC7Veve~ ; . _~t , j;_

--~:·:;t~±:~:sr~':~~:;~(:~;f::~;.!:.:~::.::r::h
, ,' I:'~~'~ ': ~~~i~~l,::~~~~:q, : : ~~.~,~ ·. n~~B~ri.·~':~:~~nt;f0':~t ,IU.~lSC. ';

·- /IIeI'IU w.ould ;be lEer.o~ :',Bllnc. ; it '~,l! ~time" polsa~1e .that ~t

ik,'.'I :; f .\;'-~M: ~~~~ 'iU ~'~o~;'~ith" r",oda"



. ~.~ '

,- - --_/_' - ,-_. ,., .' ~ -; .. ".

........

' I

· 1

.:r{.~l ·"-·NQ . ofNlturIIl , tJ"eql,1ell-ei_~• . 'le'Ba , li",.~l-cie
than theperbdbinq f~equency! 'I , of '-tbe ~_
Biny.Boidally ·ve'ryinq · d iaplaoe......nu ;

S (1d~)} - NQ .:' o~" th~ n4•.~~· el~t:: on·.tlfJ· 1.~in9·
: 4 ill-99n.alof , (kCclll) , " , .[k (lIl11 ' i..• tIie .\1PPer

" ~~~:_':~~B~lf:~~io:P~Y:;:I'~l! ' ·,

JO{ wl, . ·,ib. or 'J l;i~d ~~d ,.;,- ,~tUr.i~ ·f~~nci~B .
~::~~~~; '_~'7:d':~B:~\nthe

..; vall,1. _ ,than: ,,~. __frll-qU~CY ~ ~" ~ ; " :

). 4 ' Wi tuick and Wi11illIl B A190d t.hI!I

where , : ·

,l:l ampi n9 ~e• • , d~.piacelllent ~.n.ntl .d~., 'i:?ot n.ooill8uil~

;~~ J~.i",) &erf:!- . inC.:,·i t COrx'~~~!!: to· cl~iriq~:-j~~n:t:. :Of t'le ~

.Planeof ' ~~. ~r~f ~ 1:lui' _:~~t; lI~r ~~t1.onB ( BeeA~en4iX
. . .~ ,," '··i ( ,,:' '-\ ' ~ ., .\" . " r : «, ' ~ .. ' ~

, " , ,, ' ".... ', 'J' -··t::- ~ ( ." - : '..
. , 't..;.,; , _, j. , .

Basic U,eolWl r elatinq to 'the ~Qll1tlOn procedure 'f o r type.

I. ) ano '(},).1rl the ' P"~6u. _••ci~ r:.ve ·;;'.n dll~iv.d '.a~~ Pub~:~h""
.. bY,wU liaas . anct·Wi t.tdek .(4) "nd - WitUi'Ck..:.a~ :;1U1_ " ~8 ; :l U» '

pl~f;llih~ll :·~~e.h~ ·~~~r,ltlu1. :~~ . av~i~,~,i~~.~~~~~. ~~~~s..the·

n-:'e:r: "ot:. tul t ur d freqt!e~.188 bf :~~e tn_.' ·e1.~er ,o f t~ . l:~)' ·

~ ' ~~ ~{ ' :~~C_h: .~: ~'Il~. C·i: ,~, . ~.a~~ ·~·.,:.e~ '..~e~.~~"~;·~1ie; ;. ':.~, .: , ,
IUlY ' 9iv~ pe rturbing freqllency;~'i ~'l1l•••. b..iJth.._: ~re proTen

' . ' " : . - -.' . . ' .' . -~ . ' i : -'. .' ,- ' . ' ,' . ;' ~ " , ' .' :', '
in <Jeneral tenu Il.nd'the elgol'i thlll .!I eaaUy sute_ tor the pre_nt

" • • '. - _' .... .. ' " i ' :' ,: " . - . .1' - .. . .
p1tt po 8I1B. Tho: .~,godtJull.p1:Ovide8. <. ~rfi,11111!l~od :fo:r:' !1l01V1nq j
~e ~trucUtr~ ll with infinite dll~~ee. of £jt:eedo....- . . ~.-

.;In the ba,de toni, the &lg-odthlll .~tli,'1 ~tr
, . . _. ; .

jiw) .. ·j o (U) .. B Ot h!l~

, 'I



I I s t i ll a l:j.ow ea.ch "~er an In t1nite~er of deqre.e..,"'Of~freedotn

b~~",n j ointa . Th~"' , .

. J o ( lIl) "' .l: :Jm(W) . [3 . 16)

".~~,,(Y.)"th; l_r ~ ;i;~'V&lu~. ~t.L": , . ' ·0 +., .,;
f or a ·eomponent; melllber with i t. ende .dUlled. ·whH e ..th e , Bumrnation

~~I~:. ,':~~~ ' '~lt~~'~.: ' i~ ,, '~~~. fr~ •.....

, kllv1. + k12T 2 '" III

:-Iv I I 1" " )
k1~1 +kn v2 .. 112 I

wh er e ~i ·~d 8i ( 1 ... 1. 2 ) are the deJll8nt 41:1pl aeellllNlt QCl. for ce

vecb;,r ll. ~t end ~ of.a. ~er _(lJIiplitu4eIl..6f .~~t1e,B. with e1n~aoi~l , ..'

tiDe ,d~P~ ~ v~~~~~~n p~~e~B) ~.:. '~~llel' ' k
i j

( i ~ 1 . 2 ,.· ,

- 1. 2) ar~ ' ( 3X3) X'~ ~e:i.e~ent :et1ffne8iJ:~tdc~R. ·· 'Appendi:li : l

~:!~~,t.~.~:.2t:,.
f:QIIl the: ki.~ (1II) o~ : ti ,~J:,' ,,~ ,~J:,a.

k~/~; T:~~~; (7:' ''' ' ~; ·),i· ' j ~, 1; ·. ~ 1 i

-.J



,:;-,". ., . ,

:'.~,: , ..:-::~ '\'~
'J'-:<

. ... : :: ., ,

' !fI'; '" ,:

Evaluations of J (lIl) at."thf v:a1ue >.,j ust. leas ,thM >'1 win give

J(aa) -.. S wi th 8 [k(1ol1l... 5 an d ;ol~l ." o. 'Thi s 18 sel~-evld~n't

because th er e are .~ive cr,iti~l, ~rt.Ul'b!n9 frequ~neie8 ,~rres~

PQndin~,to lki+ o.~ 1s811 .in ,~1t.udll. thari >. ~,; ,and. , _ ,~,ve

:':':~:' . ::~i:::::~:l::·:i:':,:·:;::~::~~:':t· . ·.-,~ . '- ' ."': .' .

. ,, ' ' , " . ' " , ' : ' , ' , ' ,

C0SIIPC!8ed. of. [k~ llIJJ: "~, and .lo'!lIlJ ;'. ~" In other,wOrdl, II neqat iv e

elelllllnt ,~l~~ ' ,' .'U"~':P;:I,&l: ' . 'fr~ the ' le adlll9 d1a~on~ to · ;~OlIIplri.ate'
fen: 'Je i~~a8e: l~ 'Jo(llIi · i ~~. , t~? 3 : ~ ( al..r ; . '

",SUPPOll& ,~v,r;. ~~dlY ~ tat ~~, tT:ame ':d~1 exhibit ~e~o

~~lffn8.~ ~, Whe n., >.," -i:['. :~(. :~id ~ ~~~,fr~ ..:e.aiq~~l~

~~~tlt~~~;;;
~. -:.' ~ · n~_1.;'~'6~~~~~..( ~~ ,~Fi'q'~>':'5 i~ i 'r: ,.

>nUt ;~lqQri~,' ) lI ,::~~~f~~e: "~~: eli~~,~'~' : , A" .~.t~ ,of'~e_

; i:'6iti1nqi/ 'aiul. ·goi.~gll '" ~f '~etiOa~' ~qacl~ __ ,~ l~~ ',o;" th~ . l'eed~ng

., : ' dleqonal · .o~ ·lItt.l "} }~ .ia - l~. )-t:~~.f,~ · ~ · f~II~~~tJ.,~q ' Jlin~i "u~rc~,~~~ ;

. s~~8e,: ,~ ~ '~~.lua~e ' J(lil) , at '.-';51ue' ~f : x.".i~et'lre&t:er

.· · ·. ·~·~;:;~~:;7i~:?~::~:::£~~±: :~~E .













181 CampaUb U i ty Condi t:ion.l

'nIa n quirad C:ODdltIon,; fo r gac:ilMtrlc ~t1bll1tr at. t he .
: . .. . . .'

~.C:t1oa lntar tac:e prvrlda Dr aquati_ ~. toll.,.,.

· I .~ ; I





-:~,~:l~~~~ ..:~PP~C.~.,:' . ~'~.~t.f,~.~.:~+.1.~~. b;' , ·,~.~r7C~ "~/p~~~:~i-:.·,~~:~~:. · ' ~ '
. , · ~_ : FP~ _~~~:f~.QIl , ~~'_' ,CUnG~tl~ :b~m,9 deS19n~" f~.~, _ 1nlt'a.\ ~~tiO,~ . ~.~ .:,:

:.;~••~ : ;~~~h·:B~oek ' ,60~'" ·off~hcl;:· Lou1~~~,. ,~~ J.r , :~ep~ ·a~ · ·
." tha. IDcatlo.n' 1.8'-JO~ " _ft > :X :;br~cee, : ~~_:~I l!~ t,r:i1~ffen : t~e ~acket .": .

. ': :~ ,t he ~'ec~ - '~edt:io~ i~~~rat~'~: . 'tWo·~;~';~1,,"~a:~Ii:~~~~1n!; : ~'J ' ; .

x l~ t~:; _~e , :ie~ 'IlP~6~n!J ~~11 be ':4~ i~ ':~o~~ i-" th~; ' e~~j1~hl~~ :~'
;: ·4s' .i t spaC-~~ 'be~ee~ :·'~kid -~~~ : , . '~e' '~~e~~ : ~~B IlBB~~-_to' be '

:~{'!Jldl~ : ; c~~~'t~," ~~. the _~d~ 'J~t~~ ~'~~ 1s : . ~ ~~~ ~i ' ~
~- ~~:8'S' ''~~ -;'~~ ~:~~ ·di'SP'la~~~'.:.:·:,.~; ·~~~~·~~ fo~ "~tLt~·~~-.

.uiode,liU:q_'iS ' _ ,;~ ' .~· ,·a~ ' ~t' d~I'er1b~~1ri ' c~~tBr' -J ~ _., '. _
.' , ·:'~,·:~~~.~~I~n~·: .~~· ~~e' p~~~~orm::'-~ra ' :~i~~~ 'in'-"F1 Ii:" '4 :"{': .~ ~~. : ;" ;

···,,'1····.. . . ," ',.", ,
4';4 "-berical"EJlUpia .

~ -., - . - '. ". - . '.- .- -". c. .. . " .... • . ". ','
"p'or. a h?rlzontal 'cut(;~~ ·up~.r par::~ :o:rthe pl atfcII:'Ill"<

;,':. .,
-~. .. . " ' \ " ,





FO~ :1\ 8ttu~t~'e "i~h' Co~tinuou~1~'diBt;lli~tedP~-rti~'~ ! . t~ ";.-:' : .

exa c't Sgl ut l.Cln can b~ obtained tO J: ~. J~vernin<]' part~al dlffllrl'lI!Inth1.

~~i~n".Cl·i·.'IDO~i~~'i ' ' ~~" ~~~'l' ~~lwli~~~i ·Pi:Cl~~~~'. · ~~~.t~r~ ;
,:',;:_~'::_- _ ~ ":" ,.,:,: ,_<.«: :': ..... . " a,. ' -" ' -',:,'" <. ' .'

· 11 tel treat thll!l i nfinite 'n=t>er of ' .~.rdinate. ' •• i .ndape nde nt .

, 'I , ...
~. : :: I~" .eh.pt~, UI , :~~"~~~~ ' s~~ut~b~ :Of the'tiilitbl ~~iff~r;"ntid':

' ~qu~Ho~ ~f " 'tree'v~rati6n~u ' eOn~i~~~~ ,;i~ut -,ta~i~ - iri~ -.

· accCl';t 'the ' effect ;~'~': :ailii" f~rc~ ', _8h~~~ de~~~~oh:. &1~/:~t:;' ~ .

'i~~~~~~ :'~~ ~ ~i8Cl~e -'~i~~'~'-: .I~ , ~,&i~ ~haPt"~, ' .:~~-,: :e~~·. ~~:~~e' .

'. ':~::::::~::h:·:::~::~:1:::~::::::::=:: ·' .,
eo lut!on 'of -the "par~&1' · diffei:e.ntiar: 8qu&ticl~ -g f mOtion ' vb.ieh ·· .-

inC,~~~ ~ ':~~-~ft~te "~f ~~.~ , f~;~'-e: : ~e~r ,: d~fo~~~~~ .~i1 '~~ , ,~: .-
ii1erU ia &nd~,!i v·i.~~~·~inq · h8. . b_n ·pieae~ted:i. r.· Refe~ , l !3 '

;-t',11

':-,::, , ' ~~~~:~<." ,~'i.:~jtl(l:+.i'.,: -..(:~i~. _~n~~ri~~~:'~ _.~,~~l : f~C~'" . : j '.

.!t,~ , ~. d~~ : IIh~ _forc e,' al)d",ben~~~~ ., ,~e~t__~ti:n<J -_~~ ~7": _ends

· : ~_i ,~,f~~ fi~ .~~:' ,~~: ,~, ~,~..~:- ~B~i.~i~q, I _~I1C~ . ~,'. t~,':~::t'~"_ . .: .
. ...xi al f orce ,pr?;ducesy.et another ''l'ffec: , '} l$ llel y a ph&n!ie of th e . ; .i__

~;:~"' .f:<:;'~'''~7 ·;"'j '' ': ;''"'P<.;,:·+''; fi:TY .'
;' .< ., ~: " , .,i ' , ' , _~' . • '

~...,~ ,~~:;!,:~· :~~:?:C:7:,:~ ' . _; ~ ; ,,,-,.,~::)::";·~:: .-.-:~.; r'::: ';_:; -,~bt.4%~.j;o:.i~:i':,~ 1 ;' ,", ' '::'~'' ~ : ':

1



-, ~, .f!ee~ ·. ~:~ " ~.;t~(io;ee '~\1.~ ~.~' we1g~t of '8~~:~; "f or

'.~~i~! -~~~.I ' _'f~O ,.P1A~ l~:i'~~~~ :-~u. .~n ~~·Ch~,f?rtuM_~lY : .

-. Olle ,·can. negle ct .th ll .'e;ffecu o~..~~~.r d, fonMtion and ro tuy . ~ertia ;

) .:

, I

15. 31

'0

.' , : i , ,'", , . ' J

'a"nl 'iEI a2y~ax~) r:N ,a2~/ilX~ '~ ~ : : a2~/at2- . ' p

cOns1~1 ',~, :dift'll;ent·:r..~' · e16..~t· o~ ~ ~er vib rati ng under

_t~~ ~,c~~n'- df,{~a.l}~~:: ·{~! ..,B.~ 'i n F.~.9 ' ,,~. ~.1 ;. ,~ eo~it1on, '
. o~. equilibd UJI of forCe!" a~~~ on the . I _ nt gi veI:;

'~:r;: :;it~i;: ; ,',""
.-" , , ..,;.; . ' ~: ; ' ;

',;~., _~ , ~, ', -~e~ f8B/1~~b_ ·~t:tiul}~'~~·..

' .3

,1'1 ,1"

·· v~~t1o~ .. ,"·_
' -', '..... . .....; : ..' .... : .-.,.. . , .... " -, '. ", " '. .

~:~_ffec.tion _Of _,:a, ,:~_~ re~ult8 _~:'~lY ,f rolll ,the,lon9itlJd~1 :

~ ·~~n~~O~ : Of:',.f~~. 4~·"~:~'. ~· ~~~e~ o~ ~~i~, . ~Qt -

:~t::.:j:W=l:t:1L:':t2·~;·~j~~~:':':: ':::,,:;"
;:?,t.:'6i*i~ .:~~r~.i; :,;~. ·~~ : ~~, :,~e~·~ ~ , ':,:·~i,~· , ·~f,~~~,t.·~"·' ~~~ '~ .

: " -,.", ', " ' . , ' -' . . ' , ' " " " . ' .' .

S\;~~l4~i', I" ', c ..,'0'_ " : ~; " : ' ," ', ,<,c ' ,-
-.- . .'.'":',:;";" .. ..., ,.,.:.... ,,,'" ',.\: . :: ," -.>'.~ '~ .

. " " ...., . ~ -:: . : .
' :" -" /' .:<:~ .:; ; ·'i·«< ···



, I ' !
eaU lHl8 th... erolls -IIB c,Hon to exe cu.;e II ro~ry lIIOt.1onabout it•

..horizontal axi a .

ConO<de r <h. ";""",r1~ o~ ,," loti"":Ot"'~l_O', "~.; ,
" ' I, " , ' ,, '

i n 1:.19' 5 . 2 . re, i~ easy to 8" ,that during ~1hrat.ion a typi ca l

ele~nt of .be&lli~l"foDll&~t only. ,~~.iato~' lDOU.on"bu·t ai. 1IO '.

fo~te·. : aboU_~ _~,~' ~~~~ : ~ts :7n~~'·1,- ~'~_:.~~~ ·~. · th'

X?'Plfe . , ·,~. ~9~Of _ro,~~lo~., __~i9h .i~ :.~~ , ,~ -t:M ' ,'~~~" ~

" ·::::":::;:t: ::j":J:i:":::'~.:jl:?:fd;,', .
3 ' · " 2 "'

3 y/bot . .

Therefo~e. the inertia l IDOBent'of tM el~nt pilI" unit langth •
" , , ' , ,I -

(iiiI l aboui 'an u i e through its eentre o f the "/IIaS8 and. perpllndicu~~

to th~~y-P;ane .~ill 'be ., j"

' ~J '. 'p 'I. a3Y~&x~t;.

wh~e p ~iB the ~.~ per -,un~t vol.;m. (~ ~ Il/A J ' aid .]: l~ ·.the ·.

~:t, 'Of : ~t~.' ~ilt '~. ~. ;' .!b~eh_ i~ p4l~ndlcUij :_t:_:~.
oro~d".ec:~lcm a t tJl e .centr~ l tbUB ,. . ., . '

~1Ily _.- _+ ;/~ ' ~3-3Y/~d~2, . ,';'. ,:l? il~:r/ ';~ il ~2 . :



" . - . , . ., ,"'-. ,. ,--._,:, :.:. ,- ., .:' .:,:.. -. '"' . , " ' ,' , -:- ,'. '.~~. :~1; +l~ 'On ~__~_o.~ti~1.~~ -_~toh, .8~~~~,~,. o{-~.,· :~e~
but :,&J.~o ,on '~_~ Bh0 :~.r~~~'_.:~t ' ,ll~/~X .deno te •.~e .1o~ .

.ot'_~•.~f~.~~~n'~. ~:m' ~ ·Bhe~.u:9'fo~~:~B- ·;"gl. <lt.41, .

.;_s ,::-~~ ,~~~ '0 '1'. Ilhe~: ~~ ::~~. n~~tr~ ~~: ' ~.:-~ '- 8'~'· :~~.:s.
.·-~ ~~: ' lIiJ~ i~~.·..:~ -~i~~~~ i. ~.; " -.

• .;;.' . .;:<:~

: .; ,~ ';' ~ ~yjax-:+- _ ~ -; \ 5.1'0)'



(5. 14)

(5.13)

v'8~f.ie.l4l~1Ii1ibri Ulli , r e la t!o ns hi p Eqn . S;6.,' l ead.s ,to

. ' IlAG Uo/ hc _ a:~Y/b2i· j•. p "~lIIa 2Ylat2

Diff~rent1lt.in9 El@. 's .il , and ; sub.t.it~tin9 · it t0gether w10th the

fJ~lI~~d1s~r~on e~e~~iO~ 1.n~',~~ .~ ' ~·.5 ' .g1o_~-":

' . .' . ", :, ' " " '' ' : ''' ', , . ' " ',: '

:~~:::,:·i?;~: ,:. ~::t·::r;~:7:~ .:::;1::~~' ··
,,1' .as th e .,only ,~pe~ent ' v~i~le . · . I .n .o~.er . to, . l.\tIp l ify the







.1
(5. 211\

_ . : ~ .

. ' . .
r - l/? .pcDD :.~ .q' : .• O:" ~2/~ :~M ~/~t:. ' .

.~ere ; i.B ' · ~e ior.~ per Unit.. i.~:on ,a .~H~d~~..Of ,~........ter, n,

....·.,S~],¥8~~~!~~~E· .··
a. of 60 rot. an4 t:h e u.e o f dur . t!QI . '1'. of 12 .~Wl• •-. , ~ . " ' ;:. '.'

• '!IlIo 'lav e f~. ac t.1.ng-on th. t ra- .....ra u. t n Bted ,• .• •

cOncantratedioad.. at. the hod eonW ' Cr otl llla. ,;,· a'~ job U on

., i;;; oY "" ;d~feed;;;... .;~... ,.;; ~,i s.s: r. .: .' . , '"." .:. ' ;:'.
5;6 ' 5.<xQ;n cl of @ei",tlon.

.. ~ ;~~~~ '~r ~~~~~r'~ · ·~~~~~~r.:~.~.~' -'~~~~~~'
', 18 l il t ed I;>-law-. - "': ;'.-.'

~ l ) ' InPut:~i:tte~, or, .U:~ ~~al1ced -tiillt.e':".l~,~e4 •.~: '. '

';;0. ) ::8••• o~ f~~" l:- ~~1~/~ ·'~: ·.~~~ ·~t:~-~~{~) .:· · · ·
" ... :' - ,.~ ~~~ :~~ '/o ~~,~ . ~l~:~:.,~~~~~o,~ ..~~ ,,: (D J ' - ,n~,~, ·ot ,_~u.fuy

. . COZI.tralna4 101ntB (~.; , and. '~' p.-bar ot cU ffu ent:. ,'-"r'

, J~?::~~:::I;f,~! .';'\!Y '''0" ~ ', .' . ,<.:
~i' '.s.otionp;o~i•• :~.~ : .~ .th~' ~~~~_~~':~f ' ~a·':i .;,

:~: :~,~. ' ,.~~~,~.~.~,.. a:~~i!':t~,: f~.~~,~ , :~~,..~f; ;·.4~~:· ·~~:·or.~1.~:' ,:·· .
" . thlI IIellualaxi• • Q, ' Whic:b 1~ . t:M p&;r&lllllter .o t ·th , .~feot o f :,. ' -s .: - '

: (-: ' '~h+~ db~U~. '~0th o't.~.~;'~f:t1~ atth~ ~'~b:al ':~~~' ~B,,/:~:' (>.-'
_.~ ' per: \lllU: l~; M. · 1'"~·' MOi!U1lW ot , ZlUtJ.el~. a , aM '.'1 ' .•...

- ' -- '- -.": '~ -.-.-:.:\.<. ' .. . " . : :" ' ~'~;: : ':'-, ' '.-'
.,: .....,\~, .,<:::::".,.

..i,....::-':....:' . .-t '

....
'. ~.

y:



N~it:~l~

. 'fb i! ~~i~': ~~~18~~'~~ ,~ ' , ~; '~~n th~-~~r~d ' resp6n~'
" .. ' ' .":' " " , " . . . . " , .. . "

d:i:~pi:'.~4~t~ , fro~ :th,~ 8~ct' ' :'~lb~~ Of: '~, p~rt~l .diitur,.intlal

8.q~~~~~' :~f ',~:~~~ Of' . '~.~,~t;re .:~~v~'nq int~~~e ..:~~~~~~i~ :
~i,lI t:ribu~d ' .ProPe.r.ti.~~ :· : ~e . fraaw(~dde~ ~~: , th'/~ as~~t

tl!e Modulus ,of RigJ,dity; G.

d! :~r' Da~' io~ .~~~ membe/ ~~,ur, data i~1II are requi.~ed ,
..' d4scr ibing 'm.~I:' · c~ect1vity ~ 'p .lni ; · " ~~ction ' typfl •. an !!

.'.':rt;;;~:::: :l::'mr~. ';i)+•.th;J01~" ~..;.; 't
·" .:::t~; :~;~:· . ~·· ..,~:?:or .~·r;:· S' ·t~. M..;.

fl BIIS8 Rumbera ina~e.\~ , the : .fi .ed ~8iUoil joint~ of , the fr.iIll'Ie ~

'9! AddH J.6na llt COnsti-ained J~int8

(2) FOXJaUt'e JP;allU~ ' t.ng"nt ,"ititf~U "iaa ti-b:

._p!. .se~ ,up :,, ~e' +~.i~~~' .~f '~ti~ ..

(4J S~lv,~. to ., .4Vlll~~?"ode.lpoin~ , di.place~~.t8 .



·.,
. 'I'oobta{~ .-t:hll!l "ft~ct ' ~t depinq;"on ," ~e res~it ~_ ,~f' ~B ~y~U1c

,::~::k~:'::';:i:·~::,:=::':;:.:~ :}:~~i:
" , . ." 1 " ; " , ,_" " " ;,, ._ . . . . . : , . . • ..• ' ._ .. ' , ::--:'

1o&d, th e shear dlllfOl'Wluon and' rotary , inert.ia .on the response

diS~l~~~n~ ';;e :~l~ .-~~~~'r~d . : . '1tI-~ lI!l'f te(l~.:,~f:' ~ll 'th~~· ::.

::::-:::~F::;::::·,~t7~::~:":;n:,:.r--
',,~rti~a.; di'-Pl~~~~ :~cn- : nod,!j." 15 ~~ -19, -ob ta ined 'f~",.th.

", .,. , , I '~ . , " - - . , . • . . .- ,• . Y .

~e7"hl.~~J:Y 9E'aph; ,~e' _'lhan' ~ T~" ; 5 .~ 1. ' ~ ThoJMxiiItmI 'axid

. f~·xe~ ; ;, ah~' f'Qrc:'~', ': ~a ~~d~9 - 1io~~t . tor'~r' ·l ~t/~- l , . 1"

~'taJ;~{~roII fh~'i~~~~~~; ~~1I" ~~V~'- l~ ~;;'l~ 'l~} " :;'~ : .. .





.....

' \. : { :it} - ~~f -{Yl': ' "",.

J>J:~ti~~~lll9 · b~,.:I ~/ '~'iV.~ " --. ' • • I

. 1+1'1', [Hl 'lt l ( t ) ~ .·ltl'l': ' [~ J · ·: I . " ·{YJ ~ · ·(.~J~ (l:l t+l (~~ .

. . :::. ,~: ''':'~''l' ( f:~'~» .:.\; " ..... (6 .4 )

~L1C:' ~!~ .(~I ;'~ - I;i ";·9~~f (~, Ill': I ~' ; D ~~ ,,
d1&qonall i.n g-.eral ,1+1.' }~I ~ t+ l , - ' Ie ) . will not b. • dU9Ofl41

. ~trlx.7-· AainaJ.n9 tCI 'to be n:;~~~. ~: 6 . 4 ~; be

~~~e~ ~. ';'" / . :'~';'

;II ~ ',( i). + '~~ ;:. {il ~ -(~2 j ~ - {i)' . -,(P ( ~)J :. . ..·.-=-{6 ;~ '
I . " ,

.·...l~~e~:~nt~.ti:on "i . ' ~ed ': t~ get: ,~•••?lu~i~. ,f~r .~. , 6.S : .

-(Ap'7~~ ~~I, w~~ i~' ;, , :~~~,ied ~~~u.~~'. ~ , ~. ful,i.,,~P~q ' ,~~~x '

'[C]''0/~,; ~,: S ..l~. ~h~ '~~1.~~"~;: .:~~~90Jl ~tr1x ' [C1Y" ~d ,,' -;

l~t,l.tl) I -.0 (6 . 21

... ;.~,~~.:;'~~~~ ~~; ~.·; .·}i~~~'~~·.·'~:. '.~~.:, ' , ," . . " .' .,
_ . ~~., 6 .1 ~. ~~~hed udaq ~ VlII~qh~ MOdal.,;_trl~ [+1.

:::£::::~i::;';:;~0.7:·'"::~.: 12 ) ;~~ ' :1t~.
' -" \',' . !'.'



-:

.. ..

'. ant-!r.,uuetur. ;· ..." . ,...., ."' .~. '_j

;:,.';,.<"":,,:,, ,'",' : ',':'''...: ;:, 'l, { '0"' '' '' ' ' ' ' ' : ,• •
~.' . ' . , : ~. : , :.:" -' . _. . '~~.:~~:.

~.~..<:, ' ,!':': < ' ;' "~; ~~' -' . ~ , . ' :'.r . :.... j;':"

•..• " .-.• " ~ ~ "'. '.c.... , -..~ .. ..... ~~.~-......~ . Ml:-..;.. .-.:.:..·,::.- :~i.~~,~" .~ ~..?:.~·:.~>.;.:-:;,.-..~7U;

,.,

. .. • .... ... . ' '. '. ". ' 0
iII ·t:hi . .....&1ue. tiClI\ ~houl~be ,tbe lc~..... t1 'the ·oth . r ~~t . ' .-

.,d•• "Vil1~ • v• ..~.iJO~l. v~luea . r"t tilfl c1.iip1.~q ~~... ~··

~. ~ii'f~J:'~~~ : ~;;; .. 't:h~ : YlriOU.: ·~I:~~· of \ he :,~~~~~',' ~~

..· , ~::~:iS~::iS:~1~i:t~B[?;li . ,'
..,e., inth:".i ,quauc:... ar~ ' the_~" . :frequ'-n"cid o.f tha

"'..,:'.',';: i~ J ' : ~ '~~ '(14:} . ' :+: ~l' [Ki .:,:~:.~ . ....:..". . ~ (6. 7 ) ,' '-

,-'> ," ," .' ,, ',"\ : . "." ,"'.;,<.'"
AI thill lllltdx ••tl . f l • • the oZ'th090nality c o ndi t ion , the :ruu1U.n'l .

.. ".~~i~~:·'~· ' :~~1f.i"" ,;~~:~·~~~ .~~~:: : :: ~; ''''~~.~iori~h~P: ':> ·'

·::~.:~t~p=::,~i:Y .:·~~~~~:..~: ·~d .1 · , .'~ th~ .~~9 . : ~ ."
, ' / ), ,,·: '~ ·:·<'·: · ·~;f"· ';·l > ·' '," ', "...•)

· VbU e w· 'lB the __1 · frequency; ··: Th~ . the• • corUstlJtt8 C&l\ lie.

·rl±i:::~~:::~2~~}~~~f~lcu. ,

- '. I t.
6 ;1 Eva1 _ tion o f ~-proer~l01'...l Dluyi ftf "-tr b " .

. '. . - . ~ .' .... ' . . r
llI;la~rt1ona1 ,~iDCJ,~ ~ . lIPre, eed. iD. ~0lI~ of" &II

· ~xPUc:i~ c, :t'.~ '.~ of 'c!e f~ tM.~~r.~ .
• ~.i.ng. ·.... au ·..u~t ' iie is~~ re9.ul';~ ' " o.f Which :~ly.l '- '. '

. procedUre b ~";d. :· Ray b i qtl. ' d~iD9 ' b qiv~ by .• . ~war" ': . ..'.:'-."~'::-F~+*' ~<~~,, ~.~~ .: '~' :~~~?~~:~~·:~~i~~~ ~:....;:',~. :.v. ": "
.,'.

:. -'.
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~~ co~ti~t~ ~. ~i;~ents O~ " ~ .~.~,~~!'Bnt.:-u~- .~tr1X.
FOr,. beaaI with .~~fClnlily 41lItr~ted !BPII.the O!)nab b nt

.me re h . - ,verti,~ ~irtual di sPlacement, "1
' • .. ez tem.l~l fO,ree..

f~'~l . .. di8trib~~ inerl:.Uol . ;for~I ' -: . ,

'1'be in~~' ~lrtual ~.Pl~~tII ) hot.) i are qpnased in t"~ ·
. : ; ' . ',' -. " ..

·o~ the ! nterpolatiO ft: _~~j ~d '.nb,a~~ted lIIto ,Eqn. 6":13

. ~ 9i..,~

,-:· .i~' · . ~~~ :~.~Jt) , .l~(~l . ,:.~~ (~i:~' ·
::".. ,!.,': • ,.::::.'_',:':"_.,:' ,:r' ,J,;" ;:;,' : " ~ '_:,:.
.~e ~~ .~n~~e_ C:;~:l~~nt~ .•~'j, '
.can' t:here tC:re b. -..i.r ~_~ten a. .

\ " : " ':' . ',:. :' ::: - ~ :::,' :,.: ':<::>.
•iL~ t/ , .,~~ .f 1 (x ) .j l~_I .~'



/ :..-.' ;.',.
." .': ' ' '; :..~ .

.' ~.-, ~~r-'.~f ',~.l~;:~· ; ~~ '''d~i~~:>~~ "(8~~q ' .~'~~~; ·1:~'
. \ ~\ \ : . . '';'''.;, '. ': '~;.' -' .:

:';' ( f
': \,1:' .

· Wne:hh~~~,e. ,.~fYi~ ,~e :~~:~_ab~; 'fi~~d, ':~~rdB qlven~
· , by' B.~~· . 15~) ~, ·,. :,:~ 'l~"I ';~'~ ',..b~II~:.Il.~~~e, , ' : · : ' .'.~ -r;. '.
Sim11arlt~ , ~~~n _ :th8 _ .~luctuati~.par~ ~~ _ randolll1Y :vary~n9 ~

~
. : : . ._.' i~-~o~ce 'reOO~d8·,llIId. seleadc ·~~~•. · U8~~ a .non·~tatio:~

::' ',:." -, -. ' ~~~'+BB obta~'_d ~rmafU~r,l,~~_-~tBh:~ iw~8ec.~~~.~

..•.'""..... . ." ••::r,~:~..::..... ~1:..:~.....'._":'.':.:=."......'..··\U'.~·.-:..'.f""·.'•.~.~.•."::':~..lO:. :"'.~:.' ..ined '

. ' . ,', ' .~ ,·t., >~~~er &~tua~: ~~..,~~~. ·~~~~""- In ~i. , in~~~9&~~~'. ·
"the 9eneraUon of '~t'.1Ci&1 l08~torce ' recordlll ,18 ulled to l erco_

· ~~ :~,~~-~?\:,-, _d~~.·~. , -.~: ' .c~~ne·'~ .;.Of- . a~ai,i~~~ : ~·ie,~d ' .:·e~.~,~ds·.
,~, .to,ob~,'.:~~_l~.ti:C ,_ ~8:~ta8 'O~ .~~e.'l~~j.~,: ~1IIl~~~ '

~tiI , i~, and ~arthq~~ ., 1,~.inq~ ~~~1 ' ~d~, ,~.~.~~:f1C~,~"

CY~liC I~U~S~8~ . ~~ : 8~~~~ ,1~. •~. ~~~1 ~ , '~~~~'~'~ ',~~~tan~_:
, 'diff.r.h~. in',~. ~u;tUr~ 'oL,'lo~~q;·'·.~h ·alI the,t.ime l CU e and

;/ 55

'U 147 211 70 6.3 :;1.

' U 22f" "'63 -131 v
2

l
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4 1.2 . 14l '" _J~2

[140 14 7

', :



',,:,:';'.

i.e, .

:::;11:;::::':~'J2t7··: .,' ;< :
~; · ~ .:~i~{~~~~~~'- :~0?~~-, ~.~ i .e. -.; ' . '. '

.56

.", - , . . .

[~o~" ~ '>,.6 '~~~ "'1~. ' ~~' ·~~.ined . ·ftOll ~~. ~apb i.a,~i.\~1";

, -: : 1" P.:..~,~~-.:>~\ ...: .." 1.6. 17) .

. vh,eu • - ahape coe ftiei.aJit 'equal ,txI 0 .90 for a Mai circular 'ona .

• . ; . ,I ; J; ~ . . .' .. ..' ' .. ' ." , . ~ .: :', '.
.' K.-.- ~5 ~\ ~'~l/2 f~ ~:·ith~ 6 . 16.. 18) . :

; '.

. ~aWred 1JI.aecondll with the period. 'r~9il:l'J fr e- 0 . 1 to 2 He,

vhih the dur a t10a or ' i ce loalli", may a xt:ead txI hour_, . ~~ e~ . '

::,The.~yp.~ell~, ,' :total · ,(~:n .and:/~uet~~~) forea .... cord:~r .. ": " ': .,

, . ,~:,~.e _~r~. ·.~·~.:t.~,~.~:: :~,:: ~,~q ; , .~:. ~,,;' :' ~ .NT"~,rt ,o~ :~~ ;.f~~~~: :':':'
". , on ~e . t:~d t ower ill. _WIMd ~. ~ 'pJ:oduc:ed I:iy':ha Ulpa~t of _ ~ 'i

.: ~~ ~'~i,~~>~~ f~~,' ~i_~~~~;·:~*~·" .~: ;i . ~·. ft :~, ·.~~.~~ ·
'~ , ;; . , ; ' :~ .. :>~" >:. .':;.. ':' '>.,

..• .. ',' ,~<: .'-:. •-". . ' ' "
',,:~. ,::- :~ .,.t, _; , . . ·':i ·.·: ·· .~~ ~·· "'..,\.. ....

' .: " ; _..; .'. . : -,

'. ;',>

"~' l



.., .... .
.. .;...; ; ,.:.; ,~:."~

:,;:': ';. .' .,<.. ,<'::: ';'::;

._..~

-j "

:r·.

. ••. ":'0r..

• part ' h ' ':fene ra't.d .r~t1C.~lY &8 d..e r1bed in ltat { 59 .

I ' ' .' ''. -41
6 . 6 N~riCa.l Ex.!!!pl . . . .

'l1'le .~tur. ana1J&~ in Cl:Uipun III and IV 'h al..o.~d
to deIaciI.tra te the eval~tJ.~ of tlIe ~~roPortlO1Ull l!ulp1nq ;"·tdJ:

.'· ~~,:~.~oi~.~;~>~~ (~~9 ', ': ~~,,~/ ~;, . :, :·. , ,: : 'i ::;· . >:;'~~~'~" '>':" : "', : , ':.>.'" .
: . ....: '~.:,?n1: , .~qe"ln· .tbe,~~U~icm. ,in~l~. : the :f.e~a~on of . ..

•:~::::rr:~::::::t ttl;:::;=~tt;:f:i~:: :::'>\
di.e~.21~' ~~~1~~~ . :'~~ :'~~ '~~ ~~i~ ('Mi' ~~:~" '~~

.' vtlere Uti .i.e tb.l~ .... D4~s... cf the p l ena r f r .... and
'~. L . . ... ' . ',. ' .,. ; --.,..

.: - rhi:~::=~:S~2~E:;;:::J·~:·~;
·j .....!;:l:,::::f.:::l:z:::~r::~;:;:zf:t·.
'. ' .a~~: qr~~.o~ ~·r~··. v~1:h '~en~~~l prc;~t1••.· ·: ~~~~~i .~~, .

E::·:i3f2~~.t2:~=tF?~::::~;:::\E:·.....
: l~ ·~~i. '~ . ~ . · " " ,: .,~ ,.'\ .. :......

· ~:.i~· : ...~: ':n.;~i. ~. :, .~::~~, ~i .. :~\de~~,d..f~~ :'..~~~ ,f( .~~'::"
· , '&JapincJ ntio. / and the 'daqllnq _trices , for .-ember '9ro Q,p&,are

., .. ~





'I'hiB is U'~d ~ Eqn . 6'.5 to ob~in the WJd~r ~I~~te' lcoup l ec1)
i -. " .' " ' , ' .. '. "

(YJby 'aaultaneouS integn t1on. 'n1e ' full c1ampb g -ai. t dx 11 then

· di.90~li~d · ~: ignOr~~g 1~ o~f-dia']Onai- ·t~.~ : l", e .

f':·',.'.~· '''' .2;'02J
•••~~·fa"~,~ ..~i lh.",":,.;:..l\~~i '~~l~~' ~~~~lX ICID t ";'

up -the decoupled -Eql . 6;6 . : 'I'hlllol,ut1on'of ,these..equa tion.qiV88 :
' .,. , '" - '.-, --. - " , V, ~' - ,' , ,.- .. , -,:' - '. - ," . , .... - . - . ' ..',

· ·· - t:i:e_ ~rr.1l 8pon~..·, .~~~f·,- t~J ;/-". '_ '_'-':,',' .~ : - , ., .: _. __':', .... ," :.. '\: _' .'
; In,, ~~dll~" to :~~i.n.: .th_e ,· .~i~lac~me~t ~;~~II;i for :th~ ' ~ ?':~tm:e ; 1

thlllllOdal ~~~inat.~ ' (Y]-a'n~' '('ij " ~re lIIult'l;ii~d ' b;·.-tH~ ";"'19h~d

lIIOda~ '~~~~.-' ~ +-j '.:..-~t1 . ~iB~la~~;"n~: 'ob~~ns~ ar. · d~~l~at~ . (iJ ~' ,.

and (X ] respectfVl'l~ ;. : ,'itie88 : r~~~~ 'are , _th~ ,~~e_c! ,bY Pl o,tti nq

theJII on the t1D.ehiai:.orY9r~ph IPlgli .6.4 '~d' '6.5).'-;
..' _' . .. . ' : , . - , : ' . ' ,:1

7he~ll pro';'(s~e is. aq4~n app~i.ed _ uiii ng. d~ft~r~nt /'

4a!liplng r~tio_ vai.u~. for :th~ - 1I;embe~•• 'whi te: kll8p1Jig th e dampi ng

:::::: ,::~:.;t::.t::, io~:ti':~v:-l~::2~:t::~:"
~~ '6· " ~ - ,~Il~~~J~iy·.:_ , ~~h!-.~~lll·R ·a~;:. ai lo.'~~~ . for ~~
dl f f er llrit value. "of~ th ll 4amP:h\g·retiOfjf~r :-tii.·~~r ,(FJ.9• •~ :6 ::6

' . . , > " .: . ... . · , C· . . · . : . " ' . . ,I
., 10 :,6. 91. Tab l e 6 .~ ,q1v,Il. the ,~~r1:t011.td ~1spl:"eeJIlll:ntB ·
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7. 1

:'" " : ,., ,, , ' . " " '. " • •': , ' , ,; .. """ ' ; , , ,, ''<

:,: , Wh~le ~~" ttrB~. , two , fr~e~,C.iea, obUined f~ the : oX&~t

~ "~:OlU~~ ,by'e~Bi~erl'Ii9 ' ~~, ;~~f.~eren~al ,e q ua t io n .?f .~~ l~te,~~:i
. ~ib;ati~n ?l 'Pl~~ " fr~: ~~~:·,~f~ ; int1n.i. tG p~~ti~" ~r~,"verY ' :,:'

.~1~1I~ · to, '~~'e;; ~'~i~d~~ : ,~Pp;c~i...~·~: '8~~~ti~'~ ; ,:' , th~ '«(j~,~~'n~

rl ri?t '~~i~;:,hi9h~r~ f~~&eie~..-' .', ~~, a~~~t~jr'~q""n~les · ;

areabouto~. ~d hai.f tim.. "tii.~a~t ' values; ' ~i~ ' is ,,e~

~roa the,,re~~lu ' ~'~' ,'T~~'~'I' ' 3'~:~' . ~:d-"3';~ . ' ,; ~. : , '~~~'~'n'e~:~': :~~ ,,~

f~~:~> 'not , ~~~~ '~~\~l~i~" ot :~~ ~f~~~t~', '~ f· .'~. '~,,:,~,

\~;)_nt ~,?f..~~>rti. : M~: :~~,~ ' d'~9: ," :~~8~ ~- th? , '!i~~01~~ ;
decr'~~B"e" h; , 2. 0. ' '''oh.n~' ·'th~ ·eff~ClU· ' of eh~~'f ·.d:ef~~ti~,~d ,~ta.~ .:.".

,".~~~~~ "a_~e\~c~~~~ :; InglulOii ;)f"the °axi a l · i tat k l~~ding
• ~ " . ' • . ' • ' c,. 1" .

' ~~.!8~ri~'~B ~~).~:~'·~d · ':~~~d' · ~~f~t~~'o~ pl ane tr~
mod~is~ith 'di,lItr#i:ad iIa~8 '~a~ 'be'~ ~1"~;8:ented ·.tak£;~'i~~ ::'"

. ' ~c:~~~:',~~ . '~:~f8c: t~ '~'f , a~~·,, '~~tic' : l~d, ·' ~~~'ii1-' : deic::.~u~ IIJ\~

' :~~~' :'~~~'~ ~:' :~~' : .~,~.'~t" , ~~~l~~,::~~ : v,b'~~',.:'~,~~.~ ~: ;:: '<,,~. '
" , : ' , ,~~ ' C~.~hon ,~~~,~ tho, ~1"~n~~e,~,o~,ta~ne~ ,1JY: D.h:~,~

.. &?lut1~ , ;,IlI1~ ·' · tJ1::'~1'~~~b-.:~·~~; ~a , ~~,B'~ . p~~~~~':' "
~• •t,~y hi~l~~,"~.: "~ft.ct ~i ~9~e'cti,~g ·the'oif,-<tis9;,a.l ,'
termllf~OIII ttl .. non-pioport~.f damPiri.'g-' Ji&trb en 'thl! /lIlbilll1lm

t',
"

. ; .



. : .."

ch&Dqe. the fnqgenc1• • br )0 " to SO,: '!hI. c:aJI, N ...11y " 11II
troll th e r ..u1~ in rabll' 3. 4 .:' '~ Tabl, 4 . ~ ~ ' ~t I. .x..e~d

I... :.:, . . ' •.. •....• _ . ;. . .. ••

t hat tJw, ' fr~nel'. obta!Md· frcC1 th , ..:Idal .,.rItNldl tKtmlque
" I,", ' "','.',, , ', ', , - ' '" "

are er eee t o thoM.· .~::a1ruld by direct 1J01Iltlon:' "," "" ' .. :' .

7 ' 2:'~:':t:t;'2:,,:.. h~ ,_j~< "U":~' f " ~~~l . , ', '
re.~.e to forCIl.l. :~...: , to· thIl ~arqtl:. d~~Ila'Il ~n. tJ:l4! f~tal ' . ' :

':': .~~ · ,fl~, I1~:~ ' .h,~t--~ ·· ~~.~,t~.~e.~ ; ,:.:., ~~?,~ '.~~~~:' ,~•.~ '" .:tf ':~~ ::.',::'; .
' ob, ,,,rw l'l th.t th• .J\6)IlaIu. hor1&Or1t&l ,and · VIlrtica1 .dbpl~nt8

. a~'·deci' 'lev~i .~~ tw~~ ·~~·~~n'~ ul.~i' ~OI~· i~ .ir~i~~;
' , :' , - ', :." .' ., ~ '- . " ,' .. ', ..,-:,.' --. ' . ' . ' ..;' . . ' . ,.,':' :: .'..,...•.
' l nc l ooln g the .U.ct of . hu,C"de f OnlAt!on and n1tan' 1nertU .

·~c~.~·e . ~~ d~.Pl.C:"~~ '~'~'~ 20', r:1~C~"~.. .
I t 11 al~O __ f~ '~~~c;i-ee:~~ 'tO lC. ,·f~~ ·~~--

th.t -tl\8'.~~~la<in~.i. ~~~~,~'t:. at th~ ,d~ i.~":'l, .
:'; ob talnad f ,ro- ~ ~lU.t1ot1. of t.hti ~led ~t1On. Of '.~ , ... ~ ·~~7 ~l~r~. ,~.'t ~~ -~~'~' d.~'~:1':4~~~~ ' :
·.' -.~~~d.~ll'l9 t:hp , d~.gonal1qU~ ot 'the , POI\:.proporttOft&1.: ,~~

'" ".' ..~
'. ' '.' .

", . 2 . 3 ~r~~~ : .· -v.

·•·.····•.•.•.·•.··~ffi~~~"
. ," ;' - . ";" ' , ..•.. ' , ' , .. ;. . :-- ':: , .' , .. ' ,.

'. •.1~lU,C~.t ~g~~ tn ,l:- "~7.~.?f: ,tbe}~~~', ..~~: .

' . fO~~,b-..k~.~~,~~lO ' . ..~ ,~~~ 'f~e ~:,45·0~· :·~ ~ . : .
• ,'. .~ . - < , ..: '•

. ', '. ' ,;.~. "..' ~ .'~~: ;' ..::;:.~ .~':'.' ~./~:;
"~,,<,:,,- ;: . ' .' : ,':'

• :: .;j.' ~::',.;,...: :'~'.; : . ' "., " .. '. ,)
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7 . ] . · .~el~lon~~.. ; . I . " .' .. : .
'nle fo 11owJil9 OllIIolUll loQ. UII dr awn fro-. thb .~uc!y l

. " _1; ': ~".' - • •.' . :,._._: . ~ _-. .:" , __ _,'
• '._ (1) , 'l'tt8.t1nt tItO .f_&lDe:I.tal fr~oi• • ,o f tbII fr.... ··.. .

. : ~ ~·~!h;d ·by th. ~~~lll~~:~'"i · ;~~a1·,,~u~on ~t u.:~~~'
' . . . . .. .-- ; ' , ,_: ' - ,-::::, ..." ~ . : '." : ---- " , '.. ' , ... , _. - ' .

{'}~$g;:~2~· '
.;,eq~tlon . o f labr.~ , "1bnt1~ b c:ond a.r-.s ' ,

. . . . . . " ', . ' , .' I' - . ;. ' . ' . '

", ' tn ..'lb• .~• .~:~~~~d• . ;~.~~q:: llxt~~d. ~ ~,~~tII~ . .

C&pabllit~ ~ lartll -r..~ .by' Z:edllO~ tbII .~&ll o f _tdo..:, .

\ · ·~:~.l~_~bi:~': '~~~~ :~~11~~",: thi·. ·~~iqIMI

i.~UII.td · lf a ' 411.i~Jl ~ll ·in .~ patt ~t '~ .~

....· .=::·:~rj~j"'~~~:.:~:::\::.j·.::..'7.::~,
, .- :~~~..f'~~ : -;-. i<:-:: '.:.'~:' ~. ~

'\0 •• . '(41)- ~~ ... t t ec t Of. ~.~t1C~bill1 loadlll9 .on .~~_ ~d.tor~ . .

.-:"; Vi1>rll~ llJlaJ.Y~Il. ,h ..;).tp~"o,m';«i €or .bnd.J: '~rll 'of ~

.., :r~r:1~t;::.:::.:: :.~::~.. o.~"io~~• .

.. .... '_(5)..\ ~~ .~~r~_~~i_::~ ~~~u.B.~ica1. daq>~~, O.ll~. ,' ~' ::

<'\,:' .: ,~'~~.~. ':~ ;~::~~.~T:d::~~ j,~·..ct_~~ll,~e.;l: ,n~~i;~f\~~r : : ._
-r, ' ,it ~ - n~~~.• 9OD",l ,tII~ ': ln ~,e, ' ,!OI1~ropoJ:t:l~d, ~,1:~ DIll~b,.

/' ...~ ..~~ted'~ -~;:· ::"~~;'~ ._·. ~'· .".~l~ :,~~~n.;~~~~~ , ,
. ' . .- " . .', ~ .' '"'-'-" . ,A lltudy .of t:he_ _._~r.;__1n41cllt:ell
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(]) ' ; .o.:".~"t , of ,~ct .oiu~ ~r f~ -'aad 'torced Y1b-

'I'1br~t:1Oft ~ ' ~t:he~ iW.i'"~roir~n ~~t:arai. ev~ .;z:~~1~ -:· " '- .-. " . .~ ' ." - - _. . . ' .
plaUol'N ancJ' pipe l ine• •- . ' : -....~ :. ,

· (2 <-.-~~i~~~" ;f : ~::~~~ '~l~ ~~'f~a :.:.. f~~~

' .~u_~;;' ,~::~~,-~~· :~f :miy~~i :~o~~~· __ag. t~" _:'

tb.I~ the approz1N~ ..u~,U.UIl:)!l p~a' w11 1 nO~ c_e

Mr ioua e=n 1Jl _ :for raapClfl8• .quuUtJ.e• •

... ..
· - - ', .. '.- ' "' . '. --., . :- . '- .-:

-- 7.S ~t1o.. rorP'lllrther R..e_ch : · ..:':. 1.

7.4 Conb'U>at:l~
. \ . . 1_ . .
1. Eu.~ .011ll~10J1 ,f or fr .. l eura! 'l'ibrat:lon ofa t:hr_ .

~~l~i~-f~tt~ho" tow ... ..d~~led ~. .. ~~~ ~
· c· · · .• _. ' . . . : . , .' .

:~.::';. witb _ 1ri t1JlJ.te ~_'-: .o t .t~ ·

.' L':t,:t~:~::~~:c.i?~': ";~M; O' ;' ~"ohon

' .::': : ' .J . ',:: ·~.,e• .U9.~on ~f th~ _. JJl ~lUUl~ ot, Y.~lcI~ " a~f.,=- . ~uch

1 ~ 2~t~~:':S3·:~~£~=.:j:~:: '
., • •..: ~Uc:UOft ;Of ~~ _~al ; ~th.d~ h~.,~ oft-bore .

· t:owen. ..· " ' -. ....

..5-. -Siudy Of :.h~/~f_~.ct: '.or ~i_~ ,~ orf~~. t:en.

1ft ~. ~poi'U~ 4uipln'i....u~ ;.-on t:tut~. r ..~e

:" .



"
r':.tlon o f the 8~il':'structure l nt.eracUOn by conB1Cl eri ng th e IllOdel.

(4) . ,tSts9I!I:r:'. in~;Ue~ ~f: shea.r de formation , rotary in ertJ.a

and axial .;ta~ci ' lOad i~"th~ ~~iur~{·~1'8 ~~ ' ~e',.ti:..'..s
" , ' " .. ' " , ' : , , ", ' " " " : ."

J.p",i;h•., "H~ ~d a1~~ .,On ,th.~ ' , ~.bPl~emen~.~ a\,~ " ~O~d?-1~:. " _"
: (5) . :AppL~cat1~n .Of , ·th~"'~~·' ''Yn.th~B~~ ,;~echr:1~' ,ta th: :','"

• ;~;;:) o~sr5:::::;f::~:;o::~O~O' . Of;_dl:'OO" ~Z I·

(7) · :,Fi:~nCy"doir.a.i~ ·lIlIalY8.i~ f,or, 'ear~~q~e re~~.c)lule ::of

~ffs.~;e ' 8.~c,.r8'~~~~ld~r1~q.·~~il:-B,~~~~e ~t~ll~~on ~, ·

I .
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