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T 2EEEL, Hot SpotiifF = PHEEEE LABIT LB EEET 2 &L D,
PEOBORBETRDONDZ ZEEREL TS, B, H-EEFKEIITR
MWW L LTeF LT 3B,

DEDXSRBEICEA SRBEBIROFLERZIRE L, ASME #iicliot Spot
Stress,/Strain® EFET 2786, T OWREFES 2D DFEEITI 2 &AL
HEThD, Ll, FFMSHEHETERSFRALEL L, ZERC IEEN
Rahd, O8, BELTOBRAERI>OLTHESEEREHL, #HEov
TidStowell BMEDORERAT 2RHOORER, FHHE 0B TREINICET 2 b
DEEZONDB, kKL, UREFBHOWUREOELKRD 2ONENTH 3
Stowell O, (K5 =Ke . (Ke =Kt +1) ), Neuber®x (Kt =
Ko+ Ke) o 210K ((Ky - 1) / Ko —1) —1=a ({Ke —1) /7
(K —1) — 1)) —ozw, Kog=06,/S, Ke=¢,/eThHY, S, et
ARIBA, B, o, ¢ RURETOBA, B —BEORBILHH~OBHORZY
émowfd,é%w&%mﬁmﬁﬁénfmétﬁbn6o

2)
%EB@,%®ﬁ@ﬁ%%ﬁﬁuxO@%E%%@ﬁ%%&ﬁw,%%@@ﬁ%
ELTOHEEEMNS FEERL D 0.6mOEHBA RS R HETERR
OoFzEBIT B L&, LinhoT, ZOEBA TNewberBINEHTE 2 &%
AU,
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3) Hot Spot Stress ,/Straindt¥| FOFES - MRS

a)

b)

c)

d)

e)

f)

g)

h)
1)

BRI T E 2 FHICMA TER ST NSEWNLLTICIET 3,

BB E BT - EEBRE SO L D IZFHET 2 Oh. BRI L8k
WEOMBILEDLSICHEAL ZED, Shake DownEERET 2 01EM,

BRI LI L - TEBONZOWRMAIE o OATHYD, BEW
SRR RE K BT 2RI OB ONKEY, This U TIREIERICL S
MEMCIE K, OBERE TN, ThEBRBRRICL - TERS, BEORE
IHEFET S KL KHET 2R ENSES —NEBROBTIIE AL DIED.

EREROEEY, BWHEFRRSCF =05 /oy &b EEPFRE
SNCF=¢¢ /en KE-TITIANEENTHS, CZTog =E ¢ &F
NIESCF=SNCF &% 2%, BAMELEETARHIARLY = 0.3T s /
tc AWNETBLESCF=1.] SNCF&K2, HEERLENZR, 52
WIFEMBRE D LORBRETOBCEIOEESHIEE LEND D,

28D BV SEHISHRIEE L DX S ZFET 2h, WEFHOBHIEILLE
DL BHENRS D, SNORERCHS T IUHEBLETRHOEEIE D
LD H DM,

AT 58MBEVBRLBHCLB2REBELDLICRET 200, 51k M|
ALY, EASTEOREHSER T &ilot SpotDRBEREHFHT 20, B il
BECOBRGHOEBENSERSE W OMIEERERF LT,

FiEShRAE S O L S IZEHET 2D,

BERAELE LT RBS, RRATRHIECZEL, —F, BELATEOBA,
EROBAMENET 22 S XEMTS 5,

A= VI ETI5E X-IVIRBECBIARERE LI RET B0,

STIME & ETEME & OEBAIT ORI, Hot SpotDfIBEAMRICLTHZ &
MNUE,

4) BE/NNF X FY v 2R

2) BN TEA LS B ES 3 TR L BEELR, KBS

TR T Z3BEONS A MY v 2ARPREINTL S, RITARE LTRE
1378 & O izKuang © (Exxon 1977) , Gibstein  (DnV 1978) . Wordworth &
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23

Smedley (Lloyd’'s 1978) #AH 2%, & 2 TldKuang &, Marshall “Kellogg.

20
Bijlaard D BRI DWW TR SR AL b4 2,
i) Marshall-Kellogg®3
BT OEE DHot Spot Stress *FR{fid HKellogge DHEL, B,
Toprac et al. WX - TEASINA, JOHER, PR &S AEE
HAZJ HEROBERC L 2BRCEREBOTCV D, 0L EDBAG

NS WEAEEIIE A TH, AL -TELZONS (T 3.28 21
3 o ;/ﬁ T
S = .
° 2 T’ 3(1’3)
1.5 R p
(= . for »=0.3) (3.2.8)
1.285 - T T

TENOONEPICH L TR ERDp 2R TEEEAR 3,

p
p =1.5

sin & (3.2.9

2rETr

1.0 WEBRRGERTHD (P2 r) sin OIHREERETH S, LXNEH
W3

Sc*=S,.,/S,=1.8./71 <tsin 8 (3.2.10)

I, S, RXEOAWRATHY, v=R/T, T=t/T TH5,

® (3.2.10 ) EXEDUot Spot Stress WOV THTLOERDIELZ b
DTIXTTW,

MarshallAs < > S AR FBY T & RS L, SRR AR
LI EAN, BIEBSIUVEZHEIZR, @ARIBICHMITRACKT S
SCFTdH 3,

Sp¥=Spe,/ S =1.0 0.6 (1+.,/7 /8BS (3.2.11)
I, B=r /R TH3B, kiL, HEiEHSHot SpotDhnE & EFOME L
B 3.29 WRT LOBHEEND IO TCHEELEL, MERNRELT

Qr=exp (—ax//rt) (3.2.12)
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i)

EFFALTV D, 22T, aDEIZEOIDT AV /NS4 MY o 2 B FEN
Bk nida— 1.205 30 StoBita= 1.0 &332 ZRREL
TWHd, £lex = 0.5T + tTH 5B,

Lledio T, MABELRCSTS SCF &

Sor=Sp./ Sy =1.0 +Q, (Sp-1.0) (3.2.13)
LB, MEESION (3.2.12) LD vriidl 3.28 OBWARME®R
ERLOET D, 4805

Sy =5o (e ** (cos Ax —sin Ax ) ) 3.2.14
o, A=ys a4 —v')
(=1.285 /1t for v=0.3) 3.2.19)

PIESSECMAIMMEET 2L S0 KBTI LTosEHEI NS,
Bijlaard D ik

COHEOERIH 3.29 WRT LI BERESHTEEZ T ZHERTH 3,
R ZEN % “HBFourier MRFRLTEONGD, BEOHOEEEE AR
Fourier $REXDIEFAEMINCE { L2 LEMND Y, CHER20) TEREFm2l
E, HATCSIEE 5 T B, ASEREEICHLTENS XV LAENE
ROLSBTHEBA SN, WRC Bulletin No. 10TOEBEL BB HTWB, 22T
ALPOBRELTERNEY 7 7DETHEAT S,

Bijlaard DHE/Ic L hiE, HEEOMEDIAAKE 0 XHR20) OFtHE T
€,=0.875r, C,=0.875rsin 8 &L T3, %%k 0.875WBijlaardic L v 8
=90 " OHBEHEXEC L D HENFASNIGESGIH L THEL o NIRRD
B#ETh b, BRDHZEEDLTET A, HoEENEoRBETI LD
HWEHBICBIIBRIGCHETET DL, ST/ 5 A —2 OFE T EEHH
BTRALZYD, AAMOIBANKE L,

BijlaardD OEHTIE, EEOWIMERMIFLBEL THY, FEOESL
HEHEDHDOARE SWCEET 5, ROLBETHEIEL, QOHMYORENDLLBVIE
a0fE LT DL = 0.3330K#F, 2oRENKSVIHZEOHIELT
DL = 0.05 dTE AR YHMFL2DOTIT-TW B,

COFERPBICEA O PERFICHT SRR EF AL LTV AT
Tk, TETHRLEEDIot Spot Stress #H5X ZWBER, LHL,
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FEM GtSctE URERIZERETEETIH 5,

i) Kuang ©DFik

Kuang & XA FEM BIrick b, T.V.KTK #FIRITDONS A FY » 2

BT =it ZhooRirRE R RD Tv 2, BITRZERFR
R EHI36~40, FHI150 o —R LB ONTV 3,

FHE R O F G X Ul F R d 2 BN E R 3.8ERT,

IhnoORIEIa #0b OBEOKBFIIH L THEREA LKL TS, O

ZHR LT FEY BT TonAhEINENTIEABLD, 0BG
5<% 3.DHERAESTECH LM EHET 2O LB D, K5, d
BLUE N ELOKBETZIOASOIEOAMNEELL 2,

iv) HAEEIX O

a)

b)

c)

FODHot Spot Stress (X 3.30 2H8)

g/ D BXT DL EREBRELFIIL, Narshall ~Kellogg DA E
PKFCorEHINZ b0 LT, IO0HEERNEIIRYEL—FKT
%o
T ODlot Spot Stress (F 3.31 B18)

KiFizxh U CMarshallOR &Kuang & OR &1, HEOHHA TR —
BT 3,

EMFER L O

EH — ik BEKHot Spot Stress OIEWESRER, EANREILENS
OYESHOBERKE L TERICHIET 20 CHETH D, i, BEISHOE
Vo5 -V OPPEEEHSOMELH 5, WX LB RHEERA
WO EBRFLTMA S ENBETH S, REERBROBA LT Y
YILDHEESGHICE S SENRDH B, 380 Hy = 0.50B&L y = 0.30
BE&ETREDHEIZDWEERL 5,

PlEo@#SEE A TEECE Y Mot Spot Strain OEMEER & BH
B & OB AT S, 5%, Kuang ORICH T BBHOMITE 2.11 TR
nTnd,

O K#F (& 3.8 R)

Kellogg DL EMRER L UE —&T 30, KRR AEPEET 25
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®

v) %
a)
o B

&

o]

b)

& ldKuang DEMNL Y B —ET 3,

THEF (& 3.9 23355’3
2
Kuang DR EEMBR TR KT 3,

YikF (& 3.10 B18) o6

F—=Z AL, Kuang DR EFEMBRLEBEL 8T 2,

DD FHEI R
THEF B L
27
eale & Toprac: ZEELDH

S — p—
Ky =271.5 ¥ 23 Bm0.7724-1.145 £ 3.585

T 7688 = o = L. (D72) = 15.36
0.17T= B = d /D = 1.00
1226 = 7 = D 2T = 31.30
0.406= © = t /T = 1.032

28
Visser: FEMBEIRLD

K = (t/T) (10+0.15D/T) (1.4 - 0.75d /D)
o 0.4= 4D =1.0 -
19.4 D/T = 58.6
026 = t/T =1.0
Rever : RREEITICX D
K =062 7 (d=t) tD"T "™

IA

o 0.5 = dD = 0.75
30

=H: ERLLOEEICLY

KS =0.15957 (d—t) t T (D d)""
o 0.15= dD = (.6
K@FEwmL

31)

B EERLD

K :0.0937 “0.560 B—0.02270.746 z',O‘GOS

t
i 168 = a = 15.36
0,17 = B 1.00

12.25= v = 31.50

-
—

IA
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(3.2.21)
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0.406= © = 1.032
vi) ¥ & ®
PDEOMHEREEBL RO EZbEI NS,

S.C.F.= caf! (8) v* ™ (sin 6)" 1

(3.2.26)
2, coiLisl.men BERETHY, £
«=D /L, B=d D, rvr=R T, Tv=t T, &=g /D.
(3.2.27)

THd,

19)
SRS MEBERoMEIL YW T, XE20) oftictkES L - TH FEN

BRIF OB EAZBL TR SINTVEH, 22 ThbKuang & OB BT
BHEAEZ 2 28EINTH3 (£ 3.12 218) .

Bk, BENCB Y 2Gibstein (DnV 1978) B LT Wordworth & Smedley

(Lloyd’s 1978) =T, #h oD %Kuang et al  ( Bxxon 1977 ) ok &
23)

ERTE 313 wWond, ChoDRXOBEHHBEIEE 3. 14 WARShTW3@EH T
H3,

ChoDREHOTHE L LBOLERNEE 3.15 WRY, EREREINET
% FEM MFHEEABETHETH 2,

SO TWRHBMASRIROMT I SHERE R LN, KOEMSERETT

HHEF XY BN D 5 0 IZHEROMTF O BKER OFMEL S BSBRICESh
AR TH B,
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3.2.83 Ei#r oz AIEFaHEE H ik

REREHMFRIRS &S — Ne HifER®D, ChiR IS0 TEh >RESGEHETET 28
EMB, ZOFK, COXIBIDERFIENIS ELTEET BMCLD S —Ne Hiiid =S
RER S bD L3, 3.2.1 TN LT, ANS O XHBRERAIG % Hot Spot
Stress &L THY, BRAREBROFEFIF—7ONS Yy FORFO 1 D& UTEHES

TWd, —F, ASME Sec. M DEMHER, NRINEHERF TORSABERICESVLTEY,
RFEARIG %ot Spot Stress &L bDTH B,

TR ASHE ROBERBRIIRO R IE R EERE L /oot Spot Stress M
LENOREFGERET 2 200FFEEOVTERT I LET 3,

i)%mégﬁ&

YIRITEBE ORF En oREZF/RE, ZTOYRETORCIDELXESI NI &
WOEREENINT TERESNTH Y, URERICEY S EE PRI IR
R, FE—-HEOZEM ORS SEREN O 2 0REH EnOREFGHIRE L LW
AT EEL ONTN A, BELE, COBLHECLAN-T, ORABOBBIE
SEIET AHUMARATOEOESME L L CERSI N EMEL RS REREET 2
FEELTEAL, CoFPELL) s RESRG (I TRERSNOEIN
miSEL L EDEDBLE) MEETE 5 LEERBREOMILCLORLTY
2,

COHUMARIC B LT BRI RS o OEREEL, ZOBIHEI DTS
BOBRFELELT S, CCTRBUMEEICHENT 230 & U TIEEE» O R ¢ o
EFRAL, STUUHEBMEBITERL 0 ILREHFOMYUE : 0wk L Y Ok r
RS E S RS S 7 ETHEBICERLT (e = art 5 a b BER .
ao=0ﬁ$@ﬁ@ﬁ?@ﬁ%£@$@ﬁ%ﬁ%§&waéo%énkTﬁiw
3 B Eh - >REFGOHRERER 3.32 WRY,

* S oMEES LUEMoRBERRICHLTEeFY v a2 vy v FEHOTEHL
Folb B ROEIEE 2.6mDK) 174 THEH, JoMERMETAIBREELS, BX
ENET HNES JVHMIMES S ICHBREROKRESB L L co COBMBREE LN
BUEND D,
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i)

iii )

19)
BRI S DBk

SHOOFEE, FMZ IRTEEERTETOLE S D, HEETRERDY
EEL, RESIE, KPR AE DR T uang S L 3MBIETERNEHOCIHEL .
FAVE TE 8 RS Shake Downf& D Je 7 —ERFR & Stowell DR SKBHT Hot Spot
Stress,/Strain&x €T 2B FEEIREL 2, Z Dlot Spot Stress /Strain,
IR OEZEICEH TS 2BEOENONRELL LS OFG No LERE
ELHEmtiR SRR L, BEEEDEERTCMEY 2R RI RN E LTRE
LTwnad (& 3.33 81) , coah ®BAEFGE, F—2 o5y 20 RRIEE
I UCHEER AR RE D SREL, BERERAEIT - T2 08K EFEHEERICHEYT
BMELTHEATL S, AHERCLHBRRRDOER (X 3.10 ) HT 3 Hot Spot
Strain ca ZHEFEL, EMENO>REHG No LOHT ¢y -Ne HEEHSEBIEL
Fe& 2, BEEOE T OB EREHRIELEL 2 b0 L OBICIFERELENEL,
AHERC L O RBEHBROBENZBRBINTO I LB TS, S0, @FCL
2%, MFERCL2E2H bR TV AV EHEL TV B,

E #7&21 BEZ AQ0mD FECH L TFEELXEORER, HIZMEL, ##
FIHOMBBEREEA L TEBRFBORSRBLEITY, ShORESEHEOBRAER
WE Ne (CCTREHENDESH 10mm BEISELALLESOEYRLER BF
BERHORNER ALY, ASME ORETHBENZOREMERZ LERLTV S,

733, Lieuradez’j)%) ECSC oEEMIE & LT FEDOEEAN68,457 H K T914mm @
10RO X EBEFEOEFRBR AT, ECSC OFIFEIC &L Blot Spot Stress TEHML,
AWS-X BHR LB L TV 3y, R oD bD LB T3,

AWS-X Hh#RIC K BH

m%égTﬁmEM$%%%%tL,WM&%%@W(%&%%#&SmE%)K&
HDHEwillot Spot Stress & No (T TREEBmENODESIN 2mD L E2DEHE
LEE) BRI AWS-XEI#ER IS L TEHEORZAMICH B2 LERLTNE, 27T,
Hot SpotidFEH L TEORBERLTEALERER LILERL TV D, & éc:}lllﬁ%’?
ST, TYE, KESFBLHRICERZHELETY, EREF S 10m EER

WEiNn - NEORITICL 2 & Ne ORI AWSOXHIBER(E&I L LTS,
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3.

(1

3 IO E A HLY A
PE T &= AL oEREFF e o T
B
33

Paris oW, BFENDOTE (a) OWEROERLE (N) x4 2&LE (Inx
By EnOo8BEERE da JdNEER) ZICAHEKGEROEBHE (AK) wifl it
B EZ 7oy AL, AROERVEFICE > TEERRESZEERL, RAE
RELTWV 3,

da,//d0N = C (AK)® ——+— (1)

C, mIMEERTH 2, WHEREER (K) IBEREIFICLOKkD ORI EN
DEMOILIBED M EXE T HHMTH Y, ENORBOIRIIRE ShooRKs
LUTE, SN OLSUIHM OB, TEZESOBHRIEENTL S,
EERTOES 2a oF@E oM, EhohotNBnET, KE3IXNoc0#h

HAAES S BBAOEIEAERL vTE THY, Eho0EE, SMER, s

CORELWHERBY TBRT 5 &, RIEHA o ot d 2RI A FREE R
AKBRATET I ENTE B,

AK=Ao¢/7a- Y — (2)
REERDICRAT 2 LROESFEANIME SN D,
da/dN = C (Aeyma - Y)rrn—— (3)

UIETE al DS NOPRBRENOVE af TTERET 20CEY HEFRYELE
B, 7B beEFEnOEESS (Np) BRRLYEROLI kD OoND,
m af 1
C (Ao) Np=J da — (4)
ai (yma-Y)"
LeA->T, WERTROEFENOEREFIGECOXIRHERCLIOTFHT 254,
ROFRE - EAHIRELE LD,

(1) WEBTFRLHRST 28K, BESES LURBERCET 3RO c& n0iE,

(i) SHEMFHCRET 2HEY S OCHT 2RALARE, < 0Bs, shoEY
DILTRE, ENOORIRBENEEREFLL 3,

(i) MPRMORARB LOTHE (ai ) ORFE. ChEPRHCAS ZBELRIT,

(iv) BRRBOFRS LUTE (af ) ORE. TnONE ORI 5k & &
ERRBNE R AL 75 B,
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(2)

nE, LB IRERROBATNET>BE, ThENOMTS LU 2EAE
PG ai . af A—ETHD, tr Y ETHNEOROEDRER LS,
GRTRYT & > CHHKH ECHIEE (Ao) LB (Np) AEREED, Lbw
5S - NBEOEAELHS,

(A6) - Np=Const, ——— (5)

HEMTHOES N ORESRIT

L TIHEMTFROES E N OEREGLRBNFZFOFELHOTEIT L ZHAAD

MEOSSH, BEOHIZ bWV THEERT,
34)

(Bouwkamp & 1= & 2 K FESREMF (0413 2995

Bouwkamp & WIRENFOFE @R L THABITEITI S &emiie & LT 3.34 «©
AT KERERTFHCRET ZEF SN OREERN 3.35 WORT X DI 2HEECHELT
W3, Type lDENDEITEORIALZODTHY, FEEEIOGEAEL, EBHK
BERICZOENONERLUTELEET 5, ChizR 3.34 @ A.C.D. XU FRitH
UBAEEENDH 3, Typel DX N DO FEOEIIELZHOTHY, 2 DODStage Mo
5T 3, Stage- 1 DEN DR EBACEBCHRESFCERL, RAOFHOISI
FEL /o &%, Stage-2 Mlamelar-tearing AR4ET 3, T Dlamelar-tearing 443"
L $Stage-1 DEN DI RBELIL,

COEIBEFENOEH 3.36 IR T L D notch type crack&semi-Elliptical
crack ICEBEFNLL THGOBITEIT-> T3, notch type crack® K{ElX ax & h—o
ES, bEREELTRRAEHOLTWVS,

i a
AK=As (ma)z - f (—)
b
F oy = 1T (Y~ 006 (— )+ 12T —— (6)
b b b
th, ERERLOEFGOBUNEFENOMRED] 2 CHETIETICHEDPS
NBIENO, FRFEITCEIRED 1 /2 £ TOMP TRV EENT S,
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semi-Elliptical crack ® KfEIZRAXLH WO T 3,

a (7 a)? 9 1 ma 1
AK=Ac¢ (1+0.12 (1 - —) ) [ ( tan > )
b & T a 2t
B—a°
Do = [z (1- ; sin?@) d 8§ ———— (7)

O a
KOO c& middERFRBEN OO MU TR L2 vv2 b5 vy g VEIEER
ko s h O EBHRBERLIOROLICKRD TS,
C= 1.0 x 107"  (K: KSi/in)
m= 3.35
B 3.37 iNotch type crack& {REL % & & OHEEH RN & EREE LB L T 5,
AR ENOEEOMTH S, Nf idStage-1 OShOEBEMRT L &S LEE
| LTWd, ZOEELDNotch type crackEIRES 2D ai & 0.005 ~0.010inch
(0.12~0.25mm) HM#ELPTHB3ELTWB, £, B 3.38 icnd < semi-Elliptical

crack EIRETAHMVESGETPAT I L, REGZhEEHERMCHELERT SR
TEERLTOV B,
[mmméwxéK%m%ﬁiu%?5ﬂ§%
Maison & B 3.39 wid KEMEHMECHT 2HFATRAITY, ERER XL
T3, Z2OLED c& miZROEEHNO TV 3,

C= 3.6 x 107° (K : KSiv/in)

m= 3
BAGRFHEFOEANEERH TV S, BRI TRERBCROLENIZREL T S,
B 3.40 WEBRERSBITHREEHE LR, BHREn>UHEG OIS HERE
L, Zh2&kl ik REULLEBRMRERTDY, BEAZCLZEhO>EROTN
W, ENROOEEBENRELBEEE T O TEANARTH B LTV B,

36)
{(Pan S L BQFRD Yic DT O

Pan DIZFTEBRINICERD L KEERH W AFGEEERERL, KEHERFOERER L
LT3, AMABRBRERROBIIETILN, COYABEFRRBROBREILTE
ONTVES —NELEFENDODERF—4HhoBELTKOTHS,
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K=Yos yTa (8)
Y EMEIR, S oRRE I EIHR Y B RTR S IEAREK
EHRBROBRELHEHE (A o) tHMETWHEHC 70 95 L EBRBERERT
e, ROWSEBEXIMESNR DS,

As=bNI" (9)

FEROTANTHEFEN O OBBLEPIND EEBAL, TRORTOREEBE, S—

N%@@ﬁﬁ~~i~&ﬁé,®ﬁ%mw&k?%&%ﬁﬁi£%o
da/dN=%<YAa/?®m~———- (10)

WRT YORDRAETH D, LERE N EREHEGEL, WROWBNEL %

RL B,

d (a, L) N f o/
=C (YAs/ma, /L)* L
d (N/NT) L
c
= (b/ma,/ L Y)©
L
5000
d (a/L)V® 1 Lmm1
Y= an

d (NNE) VaasL bo™

HPYERETZ2OICLEREBEBER TH S, KEHEHRTFEBCHEI ZY IR 3.41
37N d (a /L)
WoRTEPI S OERBRD ~a/LEBHIoEDTHS,
d (N/NT)
ROLIBREL LD FREEEIT - TV B,

1. REENODOBRIITANTOKEMHEMFTHLE,

. ®R® s iiThot-spot-stress £V 3,

. S—NHEOHEMS n=4 , ¢ & nOFHERAIS c=1.6 xX107''&9 3,

. BERHFa QPR TE ( 2a0) PORETEZ CWIRERDT A ELY
KE B,

. BALROEEIRNTERET 5,

= W N2

(2]
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m
da,/dN=C (AK) a2
1—-R

6 min

R :

¢ max

B 343 wRd i COLI I LTKRDALEEHFGHERIERBR L —HKLT
Wa, B 344 B S ORBERD S bR TE (RETOES) 210~20moD
HOLEFRLLERLTOEH, WEFEBCIO—HERLTN S,
(mmr6@@ﬁ@Y%;ﬁ%%ﬁb?@%ﬁﬁﬁﬁ%?%ﬂ%%%)
Dover &1, & 3.16 WiRT LI BT HOARBDO THINERTICH L TR ERLH
CEEEET - T 5, 3 VP AMBRLSEFBRMOEEL T 2,
Dover o OFGHESEORER, BRD Y% Yo (Stress effect ) & Vs
(geometrical effects ) KA TR LI BIHB, T4bb5, BHEAFRERIIKRR
DL IWILD,

K= (Yo -Ys) cRyma — (13)
EHFENONPRET ZRBILHHOIRAE, 2FNEHEEHRXCERT 38 L,
S OISR GREERR) »OIREZWAKENORED, Ehodhsw
EE BB HERIREIND EEL TS,
YoEn DR BoEMEME 0BT 2, ¥s dedge crack®RET 3 £1.121278 3,
Yo, YsOMEIXE 3.45 QAR T3, oR ithot spot stress T&H 3,
5 VY AREEZI BBEERA TR KEOMBERGEER 2,

Kn=mvh (14

he @ ZRAZTHOKMEDHE

m : (1) XAOm
FAEEIRDBEDEILIT> T B,
(i) REIEESnedley’s DIRAEBBITEEZB O TIT,
(i) & oFES130.25mE3 B,
(i) BRENL>THERERD 172 £33,
(iv) AK ~da/dNEIREHGREREOEREA L 5,

139



(v) EhoWd¥izedge crack& B A 3,
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Table 1l T-type

tubular connection specimens with ground welds

. L
2
Tvpe Dimensions :4aterial) Load g Mumber
A ., Fatigua :
ot Chord Zrace Has Life | ? Remarks
Ground Applied 'Zanqe‘) Spec.
Jelds 5k T 4% e Chord drace cod) Tasted
Concave 00 x 12.7 200 X 6.4 3MSOA SMSOA the brace 102<f/3<105 3 a
Flac do. do. do. da. do. 10 <¥,<103 3 a
Faced 2
Convex do. do. do. do. do. 10 <N;,iLO) 3 a
1) Dimensions in mm, D: Diameter of chord. T: Thickness of chord. d: Diameter of brace. t: Thickness of
brace.
2) vield strength: 18
3
Axial,
4 Mo

. 7kq/r:~.n':2 .

Visible crack initiation lifa.

throat thickness 15 kept same.
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load cycling
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Yariation of half surfsce crack length

148

Ultimate Strength: SE!.qu/lmxl .

Flat Faced-type

X 3. 6

All the tests were carried out with the condition that load amplitude was controlled to constant value.
tensile~to-comprassive load was applied.

The nominal profile and dimensions of ground welds at the transverse midsection are shown below, whose
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Variation of strain amplitude with

load cycling

Variation of crack depth wiih load



L=1000
750

300
unit in mm t= 71
Losd 3 1o
3.8 - Geometry of specimen and Joad arrangement.
* 3.3 Fatigue Test Conditions
Loads Nominal Sress Range Fatigue Life

T.P. No. Thickness Span Pmax Pmin Agchord Acbrace NC Nf

(mm) (mm) (ton)  (ton) (kgf/mm?) (kgf/mm?) (cycles) (cycles)
A-1 7.1 1000 12.0 2.0 15.63 2.83 192,800 253,400
A-2 7.1 1000 8.0 2.0 9.38 1.70 >1,003,000 >1,003,000
A-3 7.1 1000 15.0 2.0 20.31 3.69 102,000 231,900
8-1 -11.0 1000 20.0 3.0 18.41 3.19 16,000 173,300
8-2 11.0 1000 16.0 3.0 14.08 2.44 37,000 445,000
B-3 11.0 500 30.0 3.0 11.73 5.09 73,000 243,500
B-4 1.0 1000 12.5 3.0 10.29 1.79 1,073,500 >1,265,000
B-5 11.0 750 19.5 3.0 12.51 3.10 95,000 541,000
c-1 18.2 500 35.0 3.0 9.90 3.93 95,200 491,300
c-2 13.2 1000 36.0 3.0 24,70 3.93 7,000 30,100
c-3 ‘18.2 1000 18.0 3.0 + 11.23 1.84 76,000 452,600
C-4 18.2 1000 25.0 3.0 16.47 2.62 29,700 151,100
C-5 18.2 750 24.0 3.0 11.01 2.50 65,600 294,100

*  Range in nominal bending stress of chord
** Range in nominal tensile stress of brace

(a) Crack Initiation Site (b ) Branching Point

3.9

of crack growth to chard.

- Location ol Crack iritiation sites and branching points
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P=36 ton
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I to Chord
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30}

Crack Tip location
q
I

80 -
L I
|
gd‘O I 10 20 30 10 0 10 20 30 40
Number of C);clcs’ x10° Axial Stress (kg/mat)
3. 10 - Relationship between number of cycles and crack tip locations.

Stress

Crack Tip Location

| j
Stage |

! S~ |

| |
Stage 1

R ]

L g ;
Stage X

sl

- Schematic representation of fatigue crack
growth process.
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# 3 4

REVIEW OF TEST PROGRAM

» DTl 16863 457-16 914-32
Sl{plos [ + | t [os [o25 | 05
- 1T 0S5 1 05 | 05 | 038 05
= - 7
o |R| O -1 -1 011 -1 0
C
1 Tl |13
5 Iﬂc 14
T1 2 51 15,
g ! 12 16
g | 17°
18 20
T
19 21 RACK PROPAGATION
LINE INR.OF CYCL@J
22 1 6.0 _.105
T 2 65 105
2 23 BOT|TOM 3 7,g .102
i 4 | 8. .10
A—loaded, brace 5193 105
T 2 6198 105
25 7110 10°% ]
26
27 | 3%
37 34
X 28 | 35 |
37 35
X 36 *‘/ % 3. 1 g Surface crack propagacion in specimen 15.
N
+
4.
X 39 /%(
M 40
+
¢ = seawater testis
= random tests * 3.5 REVIEW OF TESTS RESULTS
chord spaciman load tast ::i:" i:c;__ N::;::‘ firsc crack |crack thraugH e of
dian nr range frequency range polatad range observation {chord wall tesc
= XN/Ne uz 10~6 1) 10~6 K v N
1 84 10 464 s 2210 - s.ox10° {63110
2 25 10 155 a8 7as taxel | 2x107 {1k
3 50 10 278 a8 1325 26 x10° | 20 x 10 {3,
18 33 10 193 s 870 Tex100 | 3.0x10°% [1.6x 107
15 80 10 a2 s 1990 3.0 x 10t | eoxet 745t
163 Rl s 2 E s
2 " 10 249 2 1070 Tsx10® | ssxie’ j9l5 g
3 2 10 1 43 760 1o x 10° | 2,02 10° {2,454 10°
2 000 10 1069 1.2 1285 2.5 x 10° [ 3.3 x10° {37 4 15°
25 4500 10 1203 1.2 148 x| €1 x10® [saxic
26 3150 10 841 1.2 1010 6.3 x 105 1.5 x )ué 1.7 x 10
5 85 0.2 5 5.8 s tozxt00 | 2.2210° |27 x10
s 160 " 141 5.8 818 33z’ | eax10® {38 10® ¢
6 144 ‘ 127 5.9 737 cox10® | 1axi0® fiax et -
? Lac 4 127 5.8 7 15 x 208 | wax0® 11« a0f
8 8% s 75 5.8 433 1.5 x 10° 1.5 x 10° 3.5 x 10°
s 160 N m 5.8 818 28x10° | 7.6x10° 10«10
10¢ 8s 0.2 75 5.8 as 2x0® | 2.3x 10° 125 x 10°
1 %6 8 128 3.9 488 8.0 x XQS 9.0 x 106 .l x XU’
12 110 H 245 3.9 356 1.5 x ms 7.0 x 10° 9.1 x 16°
{57 3 72!
27 830 2 129 3.0 le7 1.2 = 10 - 1.1 x 10
28 1300 1.3 279 1.0 837 wox10® | 68 x1e® 131 x 10
29 880 2 199 3.0 567 s.0x10° | 1.8 x10° J22x 10
30 880 2 18 2.1 913 s.Tx 00 | 1.0x 1% 112 x 10°
n* 540 - 200 2.7 s40 36 x 10t | 6.3x10° Jasx a0
321 660 - 254 2.7 686 7.3 x 105 2.0 x lcle 4.0 x los
» 754 1 290 R 163 Las i | naxet o .8
3 520 3 199 2.7 s37 328 00% | 1ox 10 Jig s id
) 600 3 230 2.7 62t 38 x10° | 6.7 x10% Ja1 x 10®
38 574 3 220 2.7 334 4.8 x 106 7.8 x Xﬂs 3.5 x 106
1 210 2.8 58 6.4 170 2.0 2 10° | 4.1 x 10 |5.0 x 10°
14 770 .5 165 6.4 1055 5.0 x 10‘ 1.8 x ‘Qs 1.7 x 105
15 450 2.8 96 é.4 6§18 5.0 x los 3.% = lﬂs 1.3 x loe
16° 240 0.2 51 6.4 323 - 29 x 16% e x 10°
- 17 240 a.2 H] 6.4 115 - 13 x LO: 4.3 x mz
20 500 2.5 129 6.7 263 2.5 x10° | axx10® e x 10
1 220 g 47 6.7 318 x 1Q6 8.1 x :06 1.6 x 197
34 160 6.0 34 9.5 33 eox10° ] 12210 Jiaxid
15 400 8 5.5 87 sx10° | 7.0 x10° laus x 10°
13 150 5. 2 9.8 34 ox10® | 2.0 5197 16 x10
w© 390 3.0 84 5.8 823 1.0 x 165 | 5.0 %168 [7.3 2 10°

1) average for aach geomatry

s 1nf

cumtee a vary slos erack sropegecion. 191



0
________ A ¥y
{a}
i
(6]
3.13
Specizen detail 1 K-jecint
(b) non-overlap KT-joint? (2) overlsp B-join
* 3.6 SUMMARY OF FATIGUE TEST RESULTS
Hot Spot First Crack -
Specimen Strain Range Cycles Length End of Test
No. (n-strain) (mm)
5 6
10/1 650 3.1 x 10 38 3.5 x 10
S 5
10/2 1050 2.1 % .10 £0 5.8 x 10
26/1 362 - - y.2 x 106
: unbroken
. S 6
30/1 780 7.3 % 10 60 1.2 x 10
6 6
30/2 602 2.4 x 10 S 4.9 x 10
S 5
36/1 778 2.9 x 10 35 7.3 x 10
’ 5 5
36/2 860 1.7 x 10 2 9.1 x 10
* Defined as complete brace separation on limit actuator displacement

152

D=168m , T = 6 mn
or

D=457m T = 16mn



180
v 20 270 90 270(1
9
0

180

]
10/1 10/2 3071
180
180 167
270 }90 2720 90 70 90
[
T g
180
180 180
70 B 90 270 8 90
B8 90 0 )
180 180
»72 70 A 90 % A 90
(4 [
»—x First visval .
crack detection %N %72
Eﬂ 3. 14 - Development of fatigue cracks.
25
0 5 0 20
7,5 ‘mm Weid toe
Sule
75

Srace A
12
@ 1

1
PENNRTE SR

©

— 232011

Actual crack dimensions
shown 1y fable §

[y

5 - Surface crack growth in

chord specimen no. 10/1.
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Nominal Strain or Stress

Microscale Strain or Stress
(at toe of weld

Hot Spot Strain or Stress

AWS
x = a/bt Crack Tip Strain or Stress
G.L. = BvDt

12
3 18  Marshall \=x % Hot Spot Straint?)
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a2 = 0.65/rt

0.4V{rt)(RT)

50

b2 3= b, = 0.2/rt but not less than 4 mm
21

a, b : Center of Element
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BERRICAREL T
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‘hot spot' local geometry boundary conditions

T joint = in plane bending

a - Idealised geometry
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mesh * mesh 2

b « local n'hinq
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STRESS DISTRIBUMON AT CONMNECTION
FULL PENETRATION, TWO-SIDE WELD. AT $M

STRESS DISTRIBUTION AT CONNECTION o nsous oo
FULL PENETRATION, ONE-SIDE WELD, AT §H e e rae
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Fig. 14—Ret. 20, Fig. 14, model identified as 2S in Tabie 4 herein
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Fig. 11—Ret. 20, Fig. 11, model identified as is in Table 4 herein
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Fig. 15—Ret. 20, Fig. 15, mode! identified s 2S in Table 4 herein
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Fig, 12—Ref. 20, Fig. 12, model identified as is in Tabie 4 herein
SCF DISTRIBUTION ALONG THE

INTERSECTION LINE IN THE CHORO
FULL PENETRATION, ONE-SIOE WELD

Gl [
scrf . s Gu..’_—
C1 DENQTES PRINCIPAL STRESS
C1 YALUES WERE MEASURED AT OISTamce
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Fig. 21—Stress attenuation in transverse plane, Toint with v = 24.40,

Fig. 13—Ref. 20, Fig. 13, model identified as is in Table 4 herein. B4= 0.5, v = 0.610, a = 4.91, D = 4.00 inch; Fig. 19 from Ref.
(24)
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Load using K,! , §ml:£§ & Stress-Straln Relationshlp
=t dadidA Kot Wt
A Brace
Sec.of A
i Chord
— F
Sno

using K%, Stoweil’s Eq.
& Stress-Strain Relationshlp

/i

K,’; Stress Concentration
Factor due 1o Structural

Deformation \
K™, Stress Coacentration i
Factor due to Existance of 59 -

4
Wetld Eead ?\./

Tig.1 Flow Chart to Estimate Hotspot Strain

(a) Hot Spot Strain FHArDHEAL

(a) Grinder Finished Specimen

/ Sa=395MN/m2

&
A A-A Section 8  View 5
c X
= g
Ys 5 <
8
S ard
4 .
¢ Measured Strain Amp.
g IsY — Calculated Strain Amp. by F.E.M.
-2 8 (b) As Welded Specimen
¢/0-053 - s - /sa=31.6
t/T=062 4 % .
T/0=0.034 2 <X
o] 54
Spec. T'I a &
i
d/0=0.53 , t/T=0.62
T/D=0.034
. . Fig.3 Comparison between Measured and
Fig. 2 Normalized Stress Distribution oo Angular Coordinate

Calculated Strain Amplitude near

(b> Bﬁjj%fﬁ Hotspot
M5 26 3o mbems?) (c) BTEME & BHANE O LR
%37 HESOEFwEY

Table 1 Dimensions of Models for Structural Analysis

Dimensions  {in mm)

Spec. Program No ol No ol
d’ 7 ! L Element Node
—

T $89.1 311.1 20.5 12.7 48537 360947,‘NASTF\AN 733 775
T2 do.  487.5 do 20.5 do. do. do. 849 83§
TS5 153.7 831.6 5.5 5.5 1000.0 - moot“" 1332 7%%
T8 da 85.6 da 3.5 do. - do. do. do.
17 da. . 134.3 da 5.8 da - de. 1128 814

0" : Mean diomeler of chotd

d’ : Meéon gigmeler ol broce

T : Crord thickness

t : Brace thickness

X 114 regwon of model is oanaiyzed,

xx : 1/ 2 region of model is onalyred,
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Fig. 1—Loading assumptions, Kellogg —==0a and Bijlaard® theory
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30 T T !
{1} Kellogg, £a.(4)
{2) Kuang, X-joint
20 {~ (2) 8tilaard, D/L = 0.333 —~
{4) Kuang, Y-joint
. . P
. (S) Bijlaard, D/L = Q.08 -

| l |

0 2C 30 40 50
b R/T

3—Comparison of correlation methods, variation with  for § =
0 =g0° r=0.5, hot-spot stress on chord

20 T - 1 1 T T
(1) Kellogg, Eq.{4)
{2) Xuong, K-joint
(3) Bijloard, D/L = 0.333
{4) Kyaong, Y-joint “
(5) Bijiaard, D/L = 0.05
10—
s s
St
s SS.
5 p—
4 .
3= —
2 e -
(2)
//
\ / { ! !
’JO 20 30 40 50 60 90
9, degrees

Fig. 5—Comparison of corretation methods. variation with § for v =
20. 8 = 0.3, 7 = 0.5, hot-spot stress on chord

5330 xmEMEOLE (2BW0 Hot Spot Stress ) 2
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30

{ 1) Keilogg, EqTM)
{2) Kuang, K=-joint
(3) Bijleard, D/L = 0.333
201 (4) Kuang, Y-joint -
{5) Bijiaard, D/L = 0.05

*
Sc
10— =
b e e e ()
8 -
(53
4
\
\ -
—
\
\
\
2 i ! | } ) |
[oX] o2 Q.3 0.4 0.5 0.8 0.8 10

B = d/0

Fig. 4—Comparison of correiation methods, variation with 3 for Y =
20, § = 60°, 7 = 0.5, hot-spot stress on chord

40 T T T \n =T T

30+~ (1) Kellogg, Eg. (4) 7
{2) Xugng, X—jomnt
20— {3) Bijleara, D/L = 0.333
(4) Kuang, Y-joint
{5) 8ijteard, D/L = 0.05

1.0
Qs

[eX-X ot -

Q4 — —

Qs — -

[ 1 [ ' 1 !

0.1 Q.2 0.3 Q.4 0.6 0.8 Lo 20
r= /T

Qa2

Fig. 6—Comparison of correlation methods, variation with 7 tor v =
20, 8 = 0.3, 6 = 60°, hot-spot stress on chord
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(1) Marsnall, Theory, E£q.(5) .
{ 2) Marshail, Correcred, £g. (8)
20 1—(3) Kuang, K=-joint 4
(4) Kuang, Y-joint -
//
s* -
b
(4)
(O $— ~
8 r— -

| |

> -
10 20 30 40 50
¥ersT
Fig. 7—Comparison of correlation methods, variation with <y for 3=
0.3, 8 = 60°, r = 0.5, not-spot stress on brace
20 Il .1 i 1 ji

{1) Marsholl, Theory, Eg. {5)

(2) Maorsnoll, Corrected, Eg. (8)
(3) Kuong, K-joint
(4) Kuang, Y- pint

/ ) 1 | ! !

1C 20 30 40 50 &0
€, degrees

80

Fic. 9—Comparison of Correlation methods, variation with § for vy =

20, 8 = 0.3, 7 = 0.5, hot-spot siress on brace

30

T 1t T T M T
(1) Marshall, Theory, Eq.(5)
{2) Marshall, Corrected, £q.8

20 }— {3) Kuang, K-joint

{4) Xuong, Y-joint

o

X} 0.2 0.3 04 05 0.6 0.8 10
B=d/0

Fig. 8—Comparison of correlation methods, variation with 3 for Y #
20, 8 = 60°, T = 0.5, hot-spot stress on brace

50 T T T T T T T

a0} 2
{1) Marsha!l, Theory, Eq.(5) e

30 4— (2) Marsnoll, Corrected, £q.(8) // -
{3) Kuong, K=-joint 7

20}~ (4} Kuang, Y- joint //

0 | | | ! | 1
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Fig. 10—Comparison of correlation methods, variation with T for Y=
20, 8 = 0.3, # = 60°, hot-spot stress on brace
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x 3 8 EEBEEEDIE (KREF)

Table 2—K-Joints, Comparisons of Test Data and Correlation Equations

20)

Stress Concentration Factors |
Ref. 8, Kellogg, | Marshall | Kuang(®) |
No. Iden. N 8 T g/D Degrees Test Eq. (&) Eq.(8) Chord Brace
12 1 7.0 0.429 0.400 | 0.082 60 2.3 1.65 1.68 1.43 | 3.29
I1 10.6 0.643 C.606 0.091 45 3.0 2.51 2.20 2.15 2.96
II1 14.0 0.429 0.600 0.082 60 4.4 3.50 2.73 3.55 4.60
v 17.5 0.429 0.950 | 0.082 60 5.2 6.20 4.56 6.86 | 6.16
v 20.6 0.429 0.882 0.082 60 6.8 6.24 4.63 7.02 6.07
13 K1, 2,3 22.9 0.391 1.12 0.242 90 ~15 9.65 7.23 13.2 9.50
" " " " 45 ~9.1 6.82 5.51 7.79 6.22
K 10,11,12 23.6 0.421 1.04 0.207 90 ~15 9.09 6.68 12.2 7.23
" " o " 45 ~9.1 6.29 5.13 7.22 5.75
14 6-1 13.8 0.462 0.667 0.347 45 3.5 3.15 2.63 4,461 4.07
15 +D/4, AW 18.4 0.462 0.889 0.847 45 7.1 4.85 3.80 5.62 5.27
0, AW " " " 0.347 45 5.4 4,85 3.80 5.29 5.01,
+D/4, G " " " 0.847 45 5.7 4,85 3.80 5.62 5.27|
0, G " " " 0.347 45 4.3 4.85 3.80 5.29 S.OIi
16 SW-1 20.0 0.538 0.500 0.240 45 3.1 2.85 2.46 2.87 3.36!
17 9 13.83 0.434 C.333 0.102 84.29 2.7 2.22 1.98 2.30 A.Ol!
" " 0.417 " 42.71 2.0 1.89 1.96 1.65 2.88 !
10 " " 0.333 " 84.2 2.7 2.22 1.98 2.30 4.01
" " 0.417 " 42.71 2.1 1.89 1.96 1.65 2.882
- 20
3.9 RBEREOEE (s 20
Tabie 3—T-Joints, Comparisons of Test Data and Correlation Equations
Stress Concentration Factors
Ref. Kuang(6)
No Iden. Y 8 T D/L Test Chord Brace
7 N1 2.2 0.218 0.406 0.255 3.3 4.99 7,61
7 N2 25.0 0.214 0.812 0.260 14.0 22.4 19.7
7 N3 31.5 0.209 0.864 0.219 20.0 29.7 27.8
7 N4 25.0 0.424 1.032 0.260 24.5 28.5 26.2
7 N6 25.0 0.424 1.032 0.130 33.5 29.7 28.5
7 N7 25.0 0.424 1.032 0.174 24.0 29.2 27.5
7 1 25.0 0.173 0.872 0.130 23.5 25.8 26.5
7 2 25.0 0.302 0.904 0.130 18.0 26.4 26.6
7 3 25.0 0. 840 1.000 0.130 17.8 15.3 13.7
7 4 25.0 1.000 1.000 0.130 10.3 9.39 7.93
16 SW-1 20.0 0.538 0.500 0.333 8.0 8.13 9.79
18 F-2 22.8 0.438 1.016 0.246 13.0 25.8 24.4
13 TI/T13 22.2 0.435 0.969 0.246 24.0 23.7 23.0
19 PT-1 13.6 0.500 0.35¢4 0.204 5.8 4,01 6.19
19 PT-2 18.4 0.500 0.486 0.204 8.7 7.81 10.0
19 PT-3 24.4 0.500 0.610 0.204 13.3 13.3 14.7
i 0= N 20)
3. 10 HERFERE DEE (YRESF)
Tabie 4—Y-Joints, Comparisons of Test Data and Correlation Equations
Stress Concentration Facrors
Ref. 0, Test Kuang(6)
No Iden Y B T D/L Degrees Chord Brace
7 5 25.5 0.186 0.864 0.133 45 12.9 14.4 13.5
6 v 0.314 0.904 " " 14.5 14.8 13.6
7 " 0.843 1.000 " " 11.5 8.58 7.01
20 1s 10.6 G.818 0.760 0.250 44 5.6 2.91 - 3.16
25 " 0.818 " " " 6.3 2.91 3.16
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EHIBER 0 Hrgg 1)

Table 2 Elastic Stress Concentration Factors. 0.

Exxon 1977
“nY 1978
Lloyd‘s 1923

Q702 78S ¢ 006 08T g

[1.85=1.1 (B~ 0.42)%) y*?® ¢ 108

0.75 Y™ T%° (1.66%% = 0.78%) ain (W3- Le8)

1 « 0.6} 2

Model FEM Kuang Toprac Visser Reber Mitsui
T1 8.65 9.06 7.01 8.97 9,46 8.86
T2 9.10 10.26 27.59 11.2} 14.57 14.30
T5 14,10 16.89 36.62 14 .44 14,97 14,118
T6 8.30 9.24 7.1 9.19 9.76 9.20
17 9.00 '9.85 25.40 11,10 14.65 14 58
Note: Results by FEM are the values which are
calculated for the point on the mid-surface
of a brace member apart from the mid-surface
of a chord member by 15 thickness of the
brace - member. A mid-surface means the
cylindrical center piane of. each members.
. e 23)
%312 HREHFEITAK
Geometry Source scT in the chord scr in the brace
(W] _\.xg' eeee 1,133 [N LYY [N IY LR 1Y 1,9
Exzomn 1977 1.981 ¢ ¢ < sia ¢ 3.175) a ™ T sin
Dwv 1928 {1.5-3.38 (£=0.47 )y *T 127 (a/)%** [ [1.09=1.93 (A=0.5)2)y%7¢ 1%37 (q/2)% 12
Lleyd*s 1978] 8y 1 (6.78-6,428% %) sin('?*278Y ¢ i. +0.63 x SC¥ in the clord
. ) T(1gman, e
- Lleyd's 1978] 1.7 8yx (2.42-2.288%7) 4ia® (110083, ides T
—

1.301 s.un Y"" T"" ‘i“l.ll 8

[.95-0.65 (B=0.41)%) y*2 ™2
scF in the chord

Lioyd's 1978

idem

T

idea T

Exxon 19727 ;

DaV 1978
Lioyd‘s 1978

(<0.33) 1 1,024 84797 yio0ie

(055 KEK QL75):0.46287 $41V 1000 (amy o o107y

P aahidd sin"‘“Q

{1.01-3.36 (B~0.64)) y* ™ 30
BYT (1.6 = 1.158% sinll1v e 87y

1.522 zl.‘ll Y....l ’.n’.'

1 » 0.6 x

2033 5
0.7%6 s-..lll Yl-ﬁl 1.-!'! .inl.iih [
{0.76~1.92 (B-0.72)%] y%* ¢™*7
Scr in the chord

Lieyd's 1978

BYT (.3~ 1.468%) aia

g2 (rt- e By °

iden T

0.920 B4t yh 1P L84 phcm lena sing ~

£ - 1977 1.506 ‘°l“l .'A.Qu thn :&ctv !iu""l )
Exxon 1977 1,822 200 yS30 00 2%ty 2.827 $=70 o giatt g
Table 1 Parametric Zormulae for simple joints
£3. 13, %3 2 =)
.13, .12 oo BARDERNEFH
Paraveter £xxom onv LLOTSDS
Chord Brace i
- §.67 = &0 7 - 3 - a0
s 6.3 - 0.8 6.225 - 0.9 8.3 - 0.9 0.13 - 1.0
Y 1.33 - 33,3 1w -3 1 -3 12 - 32
1 0.2 - oot o.h - 1.0 0.47 - 1.0 0.2 = 1.0
1 0. - (2/2) /2 /2 =/8) = (»/)
4 0.0V - 1.0

Table 2 Validity limits for parameteric formulae of various origin
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F3 14, %312 DEATD a2

‘F MFE calculations SNCF
< E i Real geometry scr SNCF measured
e .
2 chord brace Lhord brace |{chord bracr jchord race
D 473
Al T 22.8 i 3;} s |1.s0j7.62 [10.56 | 679 1. |75
L 2000 .
D 684
B| T 40 2 33% o | 62709 | 553439 47 |4
L 2000 .
D 1281
2 lcpT 776|932, | rer|te | vae|se] 16 |17
§ L 200G .
& D 949 | 4 ¢aa
D} T 416|262 tna3jes | 9.0 601 10. |7.0
L 2000 .
D 1230
el T 15 |96 3.98 3.36 | 3.37 | 2.98] 3.8 |3.2
L 2000 :
D 472 | 4 24
Al T 23853 3.33 |1.04 | 2.75 | 1.66 | 3.04 | 1.84
L 2000
D 685
Bl T 40 |97 1.89 {1.67 | 1.47 | 1.45 | 1.45 | 1.45
‘L 2000
g D 1275
< icl T 18 i 3;3 g .97 [1.30 95 [ 1.8 ] o0.62 [1.33
- L 2000 :
é
D 947
Z iplT 44 i 683 o | seerjrez | za7fszf 272 | -
o L 2000 .
=
(=
D 1273
§ Bl T 76.7 i 625 g | 198|187 [ 15| s | o1se 1.7
L 2000 e
Table 3 SCF in IRSID joints a) calculated and experimental data
g Exxon : T DnV : T Lloyd's : T Lloyd's : X
-4
S| chord brace chord | brace chord | brace chord T brace
Al 8.7 | 100 9.6 6.8 9.4 6.9 | 15.7 | 10.9
B 4.9 7.1 4.7 4.6 5.4 4.4 7.8 5.9
cl| 2.2 3.9 1.6 2.6 2.2. 2.4 2.5 2.6
p| 9.8 | 103 |10.9 6.9 | 10.9 7.9 | 18.3 | 12.6
| 4.3 6.1 4.1 4.1 .| s.0 4.2 7.6 5.8
A’ 2.9 2.5 3.8 2.2 3.4 3.1 3.4 .| 3.
Bl 1.6 2.2 2.0 1.8 2.0 2.2 2.0 2.2
o 0.9 2.2 1.0 1.5 1.1 1.7 1.1 1.7
pr | 2.9 2.5 3.8 2.2 3.4 3.2 3.4 3.2
E' 1.6 2.2 2.0 1.8 2.0 2.3 2.0 2.3

Yable 3 SCF in IRSID joints
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#3.15

Table 4 Parameter’s Range of the
Data Analysis

B S DR e U 7o o St

)

Specimens used in

0 d T t TiOD t/d 41D Material
Mild
165.3 76.3 5.0 3.5 0.0128 0.0128 0.229 Steel
312.3 312.8 20. 8 20.5 0.0s0%S 0.170 1.000 HT80
{Dimensions Unit in mm)
! I
: Load  Load . Load
H
a
e
S S
—ua— | — —
D ~ ] ;A J

T Connection K Connection

K{TY) Connection

e —— o
* As Welded Spec.

4 TIG Dressed Spec. B
s Grinder Finished Spec.

Measured Strain - Amglitude , €mg

107 - .
L £ma= OOIONSO%68, 5 00I6ONTOHS —TEne
b L for As Welded Spec.
ie] ‘ ) -
i n A A T | 1 1 n
0! 102 103 To% 103 108 07
Crack initiation Life N¢
Fig.7 Relation between Measured Strain Amplitude and
Crack Initiation Life for Tubular Connections
T 1 k T T | T [
+ As Welded Spec.
S
10+ s TIG Dressed Spec. 7]
- £,200430 N0 , » .
a o Grinder Finished Spec,
£
{ -
£10°
o
°
v
he]
O
9 33
£l
E " E4=00180Nc¢ 7
] I | ) I i t | L

10° 10°

Crack

102

103

lnitiation Life , Ne¢

Fig.8 Relation between Estimated Strain Amplitude and Crack
Initiation Life for Tubular Connections
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* LOCATION OFf POSSIBLE CRACK INITIATION
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FATIGUE CRACK

914

® POINT OF CRACK INITIATION

3.41 Laocation of fatique cracks of typical specimen with extended braces
{numerals in the figure indicate number of applied cycles in kilo cycle).
(After Kurobane, reference 10.)
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- Dimensionless tubular K-Joint crack growth data (large symbol indicates that
the cracks penetrated the chord wall).
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#3.16

JOINT DIMENSIONS

Chord Diameter
Chord Thickness
Brace Diameter
Brace Thickness
Diaeter Ratio 8
Thickness Racjo 7

Chotrd Thinness Y

18 in (460 ma)
0.625 in (16 mm)
12.75 in (325 wm)
0.5 in  (12.7 mm)
0.71

0.8

14.4
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X 3 45

02

WITH CRACK OEPTH.

Test

%* 317

Calculated
AWS 'X’ Fracture Experimental
s-N Mechanies
526,000 1,114,000 > 1,640,000
43,600 202,000 > 345,000
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FATIGUE LIVES

EXPERIMENTALLY DETERMINED VARIATION OF Y- s
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Size

0.05 mm

0.1 oa

0.25 o

EFFECT OF ASSUMED INITIAL PEFECT ON

FATIGUE LIFE PREDICTION

Test 1

1,702,000

1,412,000

1,116,000

Test

308,000

256,000

202,000
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3.46 Changes in crack shape during growth: case of sufficiently small initial flaw.
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[XJ 3. 47 - Changes in crack shape during growth: case of initial flaw of finite length.
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