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Abstract 

A dyrrarrr ic s i r r ~ u l a t i o r ~  r r ~ o d c l  o f  a v c r t i c a l  p i p e  lras b c c u  dovc lop-  
c d  f o r  t l r c  p l r rpose  o f  i ~ r v c s t i g a t i r ~ g  th rczc -d i~~rc r rs io r~a l  r l y r ~ a r l ~ i c  be:- 
I rav io i r r  of a occar l  r r r i r ~ i ~ r g  p ipe.  D y r ~ a l ~ r i c s  o f  v c r t i c a l  pipe s t r i n g  i s  
r r rodc lcd by t l r c  n r o d i f i c d  K i rc l r l ro f f ' s  b c a r l ~  tlre:ory i r r c l u d i r ~ g  l a r g c  
d c f l c c t i o ~ r s  a l r d  r ~ o ~ r l i r r c a r  v iscous d r a g  forces. A 111111pcd-IIIHSS 1x1~- 
t l r o d  i s  developed f o r  IIIIIIIC~~CH~ at la lys is  o f  3-0 ~ r ~ r l l i r l c a r  pipe b c -  
I ~ a v i o r i r .  3 - D  r ~ e ~ r ~ l i r ~ c ! a r  s i ~ r ~ ~ ~ l a t . i e ) r ~ s  o f  R vc!rticaI r r l i r l i r ~ g  p i p e !  a r c  
c n r r i e ~ d  o l r t  ill t i r ~ ~ c : - d o r ~ ~ a i ~ r  b y  IIS~II~ t l ~ c -  N~w111ark-/3 r ~ ~ r t l ~ o d .  Ef- 
f r c t  of ~rrrdc:rwator p i l r ~ ~ l )  r r ~ o d ~ ~ l c ~ s  arid I)~rffcrr or1 t,llc: d y r ~ a r l l i c : ~  o f  
p i p e  s t r i n g  i s  ir~vcstigatc:d. 

Introduction 

[:or p r o d ~ ~ c t . i o ~ ~  of  tlrcy) sc~al)crl ~ l ~ i ~ ~ c - r a l  rcsourrrs fro111 5000111 III(\;III wal.(\r 
t l r p l l ~ ,  r .g. III~II~;III~SC* ~ ~ o < l ~ ~ l c s ,  a vcvl ical ~) i l )c  s l . r i ~ ~ g  co l~~l rc l . i l lg  1l1r s~rrfacv 
IIII~I, wiI,ll 1 .11~ collfv-Lor OII l l~r st~;iOr(I is o f  g r r d  i ~ ~ ~ p o r l , i i ~ ~ r r .  I\ pipr  s l , r i ~ ~ g  
l i f i . i l~g 111) l.lle l ~ ~ i l ~ c r a l  rrsollrccs a l ~ t l  s i ~ ~ ~ ~ ~ l l . ; i ~ ~ c ~ o ~ ~ s l y  s ~ ~ p p o r l . i ~ ~ g  vi ir iol~s 1)owr.r 
l i l ~es  and s i g ~ ~ a l  cables at, lllr ol l ls idr wall plays 1.111.: rolc o f  I.lic. 11cai11 arl.rry or  
l.oLal III~II~II~ sysl,c>~~~. 

A 5000111 pip? sI.ritlg IIIIIS~ w i I . l ~s l .a~~d  1 . 1 1 ~  sI.iil.ir Ioild (IIIP 1.0 i1.s O\VII \vr igl~l.  
a11d l,l~r dy11a111ic load r ; i~~sc~d l)y sI1i11 111ol.io11s. wr;ivrs ;~IICI v11rrr111,. 11, is poi11lr(1 
out  rcpc.atcdly ill I . l ~ c .  lil.rr;~l.~~rc., 1.11;iI. I.11c. dy11;1111ic slrvssr~+ cl~lc 1.0 axial oscil- 
Ial.iol~ is a rril.ical ~ ~ a r ; i l l ~ r l r r  for clc.sig~~'orocc~all III~II~II~ pil)v or risrr(<:I11111g 
and Wl l i l . l~ry  1!)81 ;rlltl I!)8:l, Sl)arks c.1. al. 1982, I ' i ikari l~c,~~ 198.5). 11,s firsl. 
~lat.ural ~ ) r r i o d ,  a l ) o ~ ~ l .  ti sccoltds, is ill t l ~ r  l ~ i g l ~  energy regiol~ o f  wave sprcl.ra, 
and t,l~rrrforc% t l ~ c  resollance ill axial vihration ~ n o d r  is a scrio~rs prol)lc>111. A 
scrirs o f  ir~vc~sl.igal.io~~s Tor r c d ~ l c l i o l ~  o f  I.I1e~ axial vihration Itsing v i l ) ra l . io~~ at)- 
sorl)rrs I~ave  I ) c > c . l ~  r o ~ ~ d ~ r c l . r d  hy /\so c.1, al.(l992, 19!14 and 1995). Also Oy I.llr 
;111I.l1ors I.II(* s l~ ; i~~ r - i - f r f~~ r l . s  o f  I)IIIFI,~ em l , l ~ c ,  ;~xi;il vil)r;i l, io~~ o f  ;i IOII~ pip(, sI,rir~g 
l ~ a s  1)rc11 i ~ ~ v ( ~ s l ~ i g ; i l ~ i ~ ~ l ( A s o  rl, ;II. l$J!)l;i, l!)!Jl 1) ;i11(1 l!l!l:$). ( . ! I I~II~ 1.1, ;&I.( l!J!l5) 
I~avc  sI.lldirtl l.I~r c-1rrcl.s o f  I l r x i l~ le  , joi l~Is 0 1 1  1.11(% I . l ~ r ( ~ r - ( l i ~ ~ ~ r ~ ~ s i o ~ ~ a l  I ) e ~ l ~ i i v i o ~ ~ r  
i ~ ~ r l ~ ~ ( l i ~ ~ g  1,111. c~frrcl,s CJII I,IIv rr(111rI io11 o f  ; ix i i~l  vi11r;iI iv11s. 

111 t11r III~II~II~ oprr;il.ic~~~s 1 , I l e ~  v(*rt,iciil pipe> sI,r i l~g sl~ows ;i I l ~ r ( - ( > - d i ~ ~ ~ ~ ! ~ ~ s i o ~ ~ a l  
~ lo~~l i l lc .ar  co111)lrd b c l ~ ; ~ v i o ~ ~ r .  w l l i c l~  is c;ursfd I)y s l~ i l )  ~ l ~ o l . i u ~ ~  w1c1 f low- i~~cl t~crd 
forrrs n ~ l r l  I .ors iu~~xl  III~III~II~.~ VII I . l lc .  pil)r((!111111g ;wd W l ~ i I . l ~ r y  I!)!):{, (.:IIIIII~ rl. 
al, l!1!)4). ' I ' l~is 3-11 11o111i11rar co111)Ircl l ) r l ~ i i v i o ~ ~ r  of  pipe> s l , r i ~ ~ g  is CIVIII~II~III,~~ 
rrs l )o~~si l ) l r  for l . l ~ c .  rc.l;itivc 111o1io11s I)c,l.wc,r~~ sl1i11 a l ~ t l  coIIrcI.or oil I.II~ srafloor. 
A rolll,;~rl. o f  pipe sl.ri11g wil.11 sl1i11 s l , rur l ,~~rc I)y ;ill ~~xcrss ivc rrl;~l.ivc. 111ol.io11 

call ind~rrc, all e:xl.re~~~e pipc b c ~ ~ d i l ~ g  sl.rrss and car1 I)e l i l ~kcd  1.0 t.l~r collapse of  
l o la l  n ~ i n i l l g  syslon~. For prrvcnl.ion o f  the sl.rcss i~~duct . ion beyond al lowal~lr 
l im i t  allel pcriit.iol~ing o f  t.llr rollrcl.or ill I.11c wal~t.cd t l l i n i ~ ~ g  ~OII(.P, a rclial)lr 
dynamic S~II I I I~~~.~OII  111odrl o f  v~~rt. icaI p ip r  str i l lg is rssr~lI.ial. 

I s l~ i kaw;~  c l  al.(l992) has s i ~ ~ ~ ~ ~ l a t c d  :{-I1 hel~aviour o f  a l i f l i l ~ g  1)il)c. 1.owi11g 
l l~r collrcl.or 011 srafloor. C~IIIII~ (.I. a1.(1991) IIW clrvrlol)ecl a I I ~ W  I:l.:Ril for 
a ~ ~ a l y s i s  OII 1 .11~  3-D 11o111i11var coupled rcsponscs o f  1000-fl, l i f l , i ~ ~ g  p ip r  for 
productioll o f  cohalt-rich crust. Cllcng c(. a1.(1995) suggesled possil)ililirs 1.0 
rrducca the axial vibration and lorsional osc i l la t io~~ of pipc string by equipping 
f l(~xi l) l r  , i o i~~ ts ,  

III l l ~ i s  I);rpc'r a IIIIII~)~.~-III~SS 111c~1l1od is dcvclopctl for a~~alys is  of3-11 II~II- 
l inrar coul)lcd I ) r l~av iour  o f  a l o l ~ g  vc.rl.ical pipe. Pipc s l r i ~ l g  is idralizccl as 
a I)ca~l l ,  i i~ l t l  I)IIIII~)-III~(IIIICS R I I ~  1)11frrr arts ~LSSII I I I~~ ;LS a rigicl c l rn~rn l . .  'I'l~c 
t l y n t i l ~ ~ i r s  o f  pip(, s t r i l ~ g  is r~ lo t l r lc ( l  Ily ~~~o( l i l i ca l . i o r~  of  Lllc cl;~ssical I i i r c l~ l~oK 's  
I)(\~III l . l~cory(Lovc 1927). For c>vall~al.ioll orvx l .cr~ la l  forccs 1.11~ M o r i s o ~ ~ k  cql~a- 
(.ions arc usctl. An  i~~crc~~~c~~l.al-iterative so lu l io l~ s c l ~ c ~ ~ ~ c  using New~r~ark -p  
111c.1.llod is c11111loycd ill l ~ o ~ ~ l i l ~ c a r  s i l ~ ~ i ~ l a t . i o ~ ~  o f  p ip r  rrspollse in  t i r l ~c -do~na i l~ .  

T l ~ c ,  c f l i c i r ~ ~ r y  o f  IUIIII)~(~-III;LSS ~ ~ ~ c l . l ~ o < l ,  r s ~ ) ~ r i a l l y  in a~~a lys i s  o f  line s1111rI.11rrs 
SIICII as 111oori11g I i l~cs, c i ~ l ) l ( ~  ;LI I~ risrrs, is v;tlid;tl.c~(l l , l ~ r o ~ ~ g l ~  variot~s applica- 
l i o ~ ~ s ( l i a c l . l i f ~ c  l!J81, vall (ICII 1300111 l!J87 ;u~cl l lo l lg  1!J92 e1.r.) A 1~il)c sl.rillg 
is clc,scrrl.izrd ill a l i i~i I .c IIIIIII~)(~~ o f  ~ I ~ r a i g I ~ l .  (~I(%III(*II~.S SO l,l~at, I,l~r sr r I . i o~~a l  
prol)c~rl,ic~s ~~III;I~II COIISI,;LIII, ill ;ill ~ICIII~II~,. 'I'IIP III~SS ofe\;icll ~IC~IIIPIIL is rvr111y 
l11111pre1 at. t.wo c l ~ d  ~ ~ o d r s .  'I'llr ~)IIIIII) I I I O ~ U ~ C S  and I)ufrcxr arc idcalizcd as ;i 
rigid ~; I~~I I I~ I I~,  \vi l , l~ i11fi11ilr sl ,r~~cl,ural rigidilirs. 

11, is a.ssu~~~cd Ll~al. pipe. d r f o r ~ ~ ~ a l i o l ~  appears o l ~ l y  at  nodr poi111s. Fig. I 
sl~ows I.llc adol)l.rtl IIIIII~~.~-III~LSS n ~ o d r l  o f  pip? s l r i r~g.  

Mat llelllatical lilodel 

' 1 ' 1 1 ~  I ) i~q i r  ;LSSIIIII~)~.~OIIS ror ( l y l ~ i i ~ ~ ~ i r s  ~ l ~ o ~ l c - l i ~ ~ g  o f  pipv sI.rillg i i r r  :L? follows: 

- pip[' ~nat,erial  is I ~ o l ~ ~ o g ( * l ~ c o ~ r s ,  isotropic and l i ~ ~ c a r  elastic 




