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Abstract 

Tiw loral rtirsr-strni, approarll. lisillg ti,? >laoro~i.i'oflis nl!r. is latilizrd lor tl,. 

'Lllllg o l  the rravk initiatius. I 'r i~lp r rpr r i ! i~r~~tn l  ilnestigatiot>s on rrark itnitintiotl 

l i b  of 18rlv1lar \s.t.IaIed T-joi~lts. hligiir i t r ~ ~ n g t l ~  PXPO~~OIL  l and lntiglw ductility 

I.XPUII<.II~ c I~XPC brn? dptrrrninnl ~nll,iri<all? and ?!xed to  ro~t>pute crack i t l i t iati~tl  



I',i,,; i l l?  .tn.,i iilt,.,,.,li l.utor* (,l,llilll,ll R"lll fli(. 1111,. .1,1,11q 1110<I,.l. tIlV lllr<lll:l1- 

cI~i,.knt%s cr;~c.k ~pro~~aqation lwes o f  ~IIC. 1111>1alar j o ~ n t  tu~ncler ~ m ~ ~ \ i d ~ % ~ i i n ~ >  $v<,vt. 

lprrrllrtrrl 81,isq Paris crack qru~111 law. TIIV propqntion l i i rs  for r;sl l  Icl.llli~iq 

c.~n,rl,li",>s iwrr ll.~l/i~t~.~I. ,,,I ill, ill~.<.l>l'.lltil T~CIC 11l.i~. I,/, LO 110'71 of lll" rbord 

~I,I~~,,~,ss ,.rapk,l,g, .rkle ,~i,,,~t,.,~ fatig,,.- I ~ Y ~ , ~  ,ve,e ,V~LI, ~ ~ ~ l ~ ~ ~ r l r ~ l t ~ ~ , ~ ~ ~ ~  
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Chapter 1 

Fatigue of Tubular Welded Joints 

1.1 Introduction 

Tor !nor? tilas r m l l i ~ r y  it ha\ b g m  wIi  understood that metai campnnentr and 

-iracturrs rtibjrcrrd lo variable or irpeatrrl load. >vouid fall in  service. cren though 

tiley a n  osi~aily rapable ofrithrtnnding consiclerably higher londs i f  the loads w r e  

of n rt i t l ir nni\ lrr. I i l i r  type of hilure. tvhich consists of ~ h c  formation of a crack or 

cracks. lrndrr l l n r  action ol  \niying londs. aro.:nd hlshly rtrrrred ciitical arers has 

con," to  be iccognizrd and known na htigae. I t  is ihowerer, r~r lun l ly  impossible to 

proclace a complete liqt of the t ? p n  of qtrarturcr which may suffer from lhir type 

of fadttre. 

Considerins structures which are fnbricntrd hy \velding in ntcll fatigue cracking 

hnrc caurrrl failure. thosc in  the follos\.ing list s p r i y  immediateiy to mind. They 

nrr conveniently classified undrr some of the typical forms of loadins which may 

callsr fatigue ~B~II,F~. 

I Fluctuat ing l ive loads : Bridger.<raner. gantry girders. dieselengine fmmer. 

locomotire underframcs. lorry chassis, framer and axles, rhips. earthmoving 



equipment. farm machinery. mmrk cr t~ l~ers .  presser r t r  

2. Pressure Prcrsurc rcsselr. pipework. cantamerr etc 

3. Temperature fluctuations : Process equipment involved with hot or ,old 

malerialr. liquid and gases. 

4. V ' i . C i . m ~  Rotnrlng machincry. grading equipment and conr~yor. 

i Environmental loadings : l l r r i n r  platforms and rigr. 

The last item in the i irt forms the ruhjpct of this research. The active search for 

. r r  and pclrolcttm hur n ,~ltcd in  extensive ollrhore producing activities svorid- 

ividr. \lost of the rigs currently in  operntionr are of the jacket type construction. 

rompririsg of n rtpei pintform supported by r steel fmmcwork. These arrel frame 

type structures are fabricated from ruhtrlnr members that are joined together by 

welding the cnd of one ~ u b e  (hrace) to the undisturbed c~terior nlrfacnce of another 

f i ~ b e  ichoidl nt discrete pointr called the interrections. Figure 1.1 shows the sketch 

of a typical jacket type platform. Bccsuse of the abrupt dircontinuity or change 

~n geometry at there points coupied with thc complex environmental loadings such 

b* wind. wave and current loadinss. ur shown in Figure i.?, they become rourrn 

of rtrera concentration and hence potential candidates lor fatigue crack initiation 

and propagation rites (Ftgure 1.3). I f  faltgue cracks occur, they are initiated at 

there zones of large stress conccntrationr. and i n  fact the fatigue hehaviour of there 

tuhular nlructurer depends primarily on the severity of thele stress concentrations 

and reverrair. I t  i. therefore apparent, that in  designing structures with welded 



F i e r e  1. A jackel type platform. 
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tubular jointr. minimiraion of the nllmber of joints sho~lld he of pnrnmou~~t im. 

portance from the fariguc paint of vie.,: in  addition. an oprimnl joint configuration 

giving a l a r g  joint fatigue iife shoxlld he determined. In the pa t .  majority of 

criteria governing t~lhular weldrd ;!ructares denit mainly with the static strength 

(load bearing) canahililics. because most operational and design evpericnceofihne 

type of structures had brcn sained in  the relatively shallow and calm rn t r i r  of the 

Perrmn Gulf and the Gulf of .\lexica. 

Tohulnr sections habe lhirh priority over open rcctione for rrructural use in obhore 

platform design h r ca l~eo f  fhrlr 1bigh.torsionnl rigidity.rymmetqofsccrional prop- 

erties. simplicit? of 5hnpe. and pleasing appearance. They possess grrat structural 

advantages ar rrructurrl elements. but their use was for many >cars hampered by 

tho difficulties in  joining tit* slemheir. This problem h a  heen overcame i n  re- 

cent ?cars by rlirrctiy ivclding the contoured end af one tube onto the undisturbed 

outslr~c "r the other tube. 

Thereare innumerablcconfiguratiins foiofihore tuhular joints, if threedimensional 

geometry ii considered Cren rertricttng consideration to in-plane connecttons 

i rherc the nrer of all the tuhes lie in  the same plane), there are still many con- 

figu?ntionr. ln-plane offshoie tubular joints are derlgnated a T, double T. Y, K. 

S. eti.. depending on the positions of the braces. Figure 1.4 shows romc of the 

possible geometries of typical tubular joints. Regardless of the loading transmitted 

through the brace, large rtrcnr conrentintionr are produced at certain pdnt r  along 

the brarelchard interrection. This erect can be attributed to two main reasons; (i) 

the presence of the weld and (ii) the abrupt change i n  geometry at intersection. 



Fi~ure I.(: Typical tubular joint ~onnectioor showing someof the many 
porable geometries. 



The stresses at there critical loc?tionr can be r r e rn l  timer higher than tiley would 

be i f  such effect. ns weld and change in  gcametr). are not present. Cracks inxiinte 

first at there IhighIy strmred rcgions. and depending on r h l ch  ~iclc of the joint 

(chord or hmce) this highly stresled region is located. the cracks first rprend as 

mulriplc rrnckr along the weld and soon r ~ i e s c e  to form n aingie crack. and start 

growing through the thickness ofthc brace or chord. 

L ~ n g  before an all-out ellort %v\.ns made in the late 1960s la  develop relevant ollshoie 

tubular joint d n i r  -rileria. many design configurations have been implemented 

ta %tiensthen the jackel joints. Gusset plater. \velded in-bcrrecn the bcncr ends 

and chords. sverc first tried. Sotnetimer pnrr.throagh gussets [Figurc i.5 (all were 

ascd. But 11 was not too Ions bcforc i t  was discomred tllnt gurret p ln tn  produced 

undesirable rtrpsr conccntrstions which shorlencd the fatigene l i fe charactcii~tics of 

the joint. and the generd trend VJ towards the =inforcing of joints with external 

,ins ati&nern [Fllure 1.: (b)]. Thexc ring stiffeners were placed on thc chord to 

strenlthen the chmd wall against roi inpr: sometimes t h q  r c r c  added at in tmais  

along the lengths of the brace to preclirde ovaiiratbn of the c r m  ?ection of the 

brace and subsrquznt buckling if the brace was loaded in compreaion. Use of 

inter~,.,l ring s t i l ne r s  [Figure 1.5 (c) ]  has recently gained wide acceptance ns one 

of the effective mcthods of reducing the stress concentration around the intersection 

of tubular joints, pmvided the tube is large enough to allow their placement. 



(a) PASS-THROUGH GUSSET PLATE 

(b) EXTERNAL RlNG STIFFENERS 

(C) INTERNAL RlNG STIFFENERS 

Figure 1.5: Types of stiffencrr used in offshore tubular joints. 



.2 Crack Initiation and Growth in Fatigue Anal- 
ysis 

Tl i r  fntigae strength of n stnlctim. for general engineering purposes. is dcsrribed 

nr tile nunlher of~t ress cycln of a partic~~lsr amplitude that n gircn component rill 

ivithitnnd, before complete failure orcurs. Fatiglle failures are divided arhitrarilg 

into t%vogmupr. vir.. l o r  cycle and high cycle fatigoe failures. Whcre a component 

fails within lo" to lo4 ryc1.s or less. the failure is tprmed as a low cjrlc lntiguc 

failure. If rornpon?nts rilrrisc more than lo6 cycle. then ,he nrocerr is trrmed high 

cycle bttgue. St~ucrurn such as ruhmaiines, prcsrure vessels. steam tllrhines etc.. 

that nre rclhjecterl to wry lu\r frequcnc~es of loading are normally associated with 

low ryclc fntigue faiiure. On the other hand. okhorc r t r i ~ c t ~ ~ i c i  EIICII as oil rigs, 

are ~uhiected to relat~vely high l d i n g  frequenc~n due to the pnrs~ge of raves. 

Recause of this. the slresser in  oil rig rtructural mcmbcrr. have to he designed lor 

the +igh cycle icg~on ( lives ~n the rpgion of lo6 cycles nncl ahow). Fatigue failure. 

whether of low or high cycle . eonristr of three distinct nnges: 

Stage l : crack initiation and i~uc le~t~on:  

%age I1 : crack propagation: and 

Stage Ill : ultimate fail".". 

For most practical design purpoacl. p~rticularly br offshore steel structures, the lark 

phase is ignored. In these rases, the desigr against fatigue does not allow cracb  

to propagate t o n  critical are where rapid b~< t t l c  fracture can occur, blalerials 

used in  ollrhore structures are ductile rnough to cause separation of the brace from 

the chord hefare hritt le fmct .re can occur in  the stnnclure; thus brittle fracture is 



The cvaiorrion of the crack inrriation life by the local stram appmxh concept 

(strain life) is llrrcd on the obrrrv%tion tila1 i n  many components lhe response of  the 

material i n  critical locations is rirnin or deformation dcpmdent. Th l r  approach lo 

crwk initiation recosnirrr 111r fnct that fatigue is a localized proccsr and, therefore. 

focusca on rho reglonsofrtrsr conccntmtion in the strurlure where =?ark initlauon 

is !most likely to occur. Since these regions eypcrience local p l r t i c  dcfo~mntionr. 

pla5.rlirity rflccti are ~ ~ p 1 1 ~ i f l y  ~ , e i f ~ d  The fatigue rpsirtance of the rtmeture at 

the critical is dtar~cteiized hy n alraiii-life curvrobtnined from the log-lag 

plot of thc fotii s~ra in  nrnpiiilldc A:/?. rerrus rererrnii lo failure. ?.SI. which is 

g i r n ~  iui thc foim: 

E = Elatic m o i , l i ~ r .  
= Fatigue strength coeffi~icnl. 

-; = Fatigue ductility cacffi<irnl. 
b = fatigue strength erponenl. 
c = fatiye ductiiil)' exponent, and 

,V, = fallgue l i fe  of the rpwimen 

and is rchernrtically shorn i n  Fisnre 1.6 

hsrcrrmcnt of the crack propagalion life is gencraliy h a d  on linear elastic fracture 

mechanics which h a  received increasing attention during recent ycan in 
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