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MEASUREMENTS BEFORE FATIGUE TESTING .__s_p_e_c _· _1_-_p_a_g_e_ 2 _ __.I __ 

Number of cyc les before measurements : 3 cyc les 
., 

* Fmin(kN) Fmax (kN) Rs T (°C) Frequencies (Hz-) Extrapol. Ho t Spot Strainrange 

0 84 o · 10 · 2230 

2000 ~ 1 06 6€ 
_brace nr .... l". \ 
0 90 I ~I 

Z I 

~l 1:, 90 
Hot spot / 1 , ,< 11V~ 

--....:..:, <1 

1000 

' IN E 2 d 

20 40 60 mm 

2000 106 6€ 
d : actua l position of the strain 

gages as mesured from the 
weld toe in mm 

6€ Emax Em in E (6F ) 

••• 
Bottom 

1000 

" 

'SLINE4 d 

* 20 40 60 mm 
The calculation has been based on the average SNCF 's of the identical speci mens 
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OFFSHORE TUBULAR JOINT 
TEST DATA SHEET ECSC Pg. F7 

Type - T - joint· 
SKETCH 

geometry, dimensions, loads 
boundary conditions 

Loading Axi a 1 

Laboratory TN0 - IBBC 
j. 

j~ 

Specimen nr. 1 
' 0 

M 
N 

.. ' --
E 

outside wa ll 

>- E 
diameter th ickness 

a: .!:: D 168.3 T 6.3 
I- "' LU OJ 

:E..:! d1 88.9 t1 3.2 ~1 d2 t2 

- . 

t 
660 

Post weld stress re lief H.T. ~ 
No 

A-CTUAL PROPERTIES OF CRACKED MEMBER 

Grade : 50 C STD: BS 4350 
BASE 

C % Si% Mn% S% P % A l% METAL 

0.22 0 .30 1.25 0 .012 0 .019 -

Welding process : MMAW , Current : AC 
WELDING Filler materials: --+eEr-- AWS - ........ E 7016 

Electrode diameter (mm ) : 2 .5 

WELD ING PROCEDURE 

Posit ion 5G 

Nr of runs 2 

Energy (kj/m) 

preheat. temp. (° C) 

postheat. temp. (° C) 

65 

none 

POST WELD ING TREATMENT 

~ 

-

I I eat 1!1 ea1!Ment 1!i!:l er r,le:!MB elre3:1il"l!:l 

WELD C% Si% Mn% S% P% Ni% 
METAL 

DEPOSIT 

.. 

t 

TENSIL E PROPE RTI ES 

Yield strength ay (N/mm 2
) 

Tensile strengt h au (N/mm2 ) 

Base metal 

426 

563 

weld metal Other 
properties 
see page 4 

-
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Appendix 3- II 

Test data sheets 

I 
I 

I 

I 
I 

I 

I 
I 
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0/'2~509 T.N.O. TUBE.PROGRAM T.H. 
l, e, ,e, ,<::, • 

.,. l! 

I. 

T Jil 

I.ii 520 "~o w:, _57.0 P : 

ot.TAIL 
0

A
0 

,>,'i-i,NUMo'i.i?. E.L~..:. IR.OOL AMP. TSM?. 

~ ----- ,:~ ~:: :2. 'Ii ( 8:, 100· 
. ;;, ;,~ I 110 • t ~o 10 0° 

) i!!>H 100 "' I ,~o . lbO I O O" 

~ . ai.. 100 i, , _ JL,0 . 160 100• 

'> !e.1-1100 .,, '/'-i 110 · 1,0 10 0-
I .., 'oHIOO c, '/y I 1 IO • 1':>0 100' 
I 

iT-
~ 

"' ' ' 

!ii I 
11)' 

I'!. o 
. 1, ~ 

~!ii 
x.H 

... 1 -"j 
,-.; -ti 
LO j 
'11 C1J ,.. 

--&,; () '° 
ClJ -

STL\JINI..A6 . R 

I 
OETAJL.A 

~

'\) ,.. 
""1 I l ---------=-:::-:""::..._._ _,_,_ __________ -<> 

--c---+ ,@ 

I 
I Oi 

L.510 P:\~S -ll 

J 

" ai 

I . 
IPE..TA IL,,.. 

'~ 

' "'-, \ 

\.JE.LOO£.TA \ L 

':>TAMPHt.,'\TN~.NEJ'IRL.S. ATTHE.UJ00F'THt. P I PE... 

MAT£.RIAL QUAL ITY ', B, ':l0'55 C.. ~0~'95 

r-,€.THOO OF VLl..O I NG ', MANUAL. PRE.HE.AT: 1oo·c. 

5~-t,1:, 44 Lo _ :Loc:AT 10N l O1'J "' '"'l. -c. 11tc.uMF~"-e.Nc... 
L., S'l I..:!. I ~ ·.1:oc.AT •O"-' TAC:.K"-'<:-~_e:_ ____ .. __ _ __ _ 
'.2.'3 · 1.5 '.lt, I -= :_Lo <:.AT '. 0""' <c?LJ>A_',~':-'_C:-:c . .. __ __ __ __ 
Yl 'l.'3 'l.1 i .... ·. 1.oc:.AT 10"-' ,~2:c:.<,,ill. 11-(-. ouT<;,1oe. w. S€;.'>r-: 

I
~; ~~ ~ i ':;~ '.:~~~;~uo1_N~_'-_:"-?-~~:~~-~=:~-=-~~~--

1 o, ~~.,.: ... ..:.:. :::. ,c_ ...,.:::,;.t::> 

D ::: G P. 0 0 T C O :"-J ST il U C T 1 = 8. V. - Z W 1J N D R ~ C H T 
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0/'2.~509 IT .N.O. T U BE PROGRAM E.E.G-SM O'Z. 
1.S . i!I.C. . 

DE:.T,O.. IL C 

u .e. R.E.SE..ARC.H AC.LOR.Dlt-JG TO A':>ME. ~ 

'.l. 

~E.C.TRO0E. 

~ -~O_? _ _ 'l.'h . 
BH 100 :,'/~ 
. - - - ---• -- -

~H 100 c, •/~ 
e,H loo 3 '/, 
2, H 1_0 0 3 '/s 

AMP. 

95 
\IC • 1:,0 - -· - ·- -
110 - '"'o 

TE.MP 

65 
r::,,s• 
<o i: ·-- . ---- - -· ---· -

110 • 130 

I 10 · 130 

<as• 
6 5, 

\,.JUOO(.TAIL 

f E. "457'1. X \(,. LG '2.'2""77~P_:~!_3~9 __ ~ ,s + '.2-'2.Bo - ,s 

ClETA I L E, D!;.TAI L A 

'5TAMP HE.ATNR. Ne.AR L.S. AT TI-IE. E..ND Of" THE. P IPE. 

MATE.R IAL OUAL IT'Y: B. £.':2."3 1 /c. ":lOS!I 

ME.THOOOF"'-,.JE.LO ll'\JG. 0.MAI-JUAL PR~HE.AT: 6!:>• c. 

PO'e> IT ION '. 5Gr 1,../E.LOE..R NAME. : l="RANKE.N - UDO 

1 "[J SYMBOLS 
L.lo 5?. 0 '.LOCAT ION c:!,_ ON P IPE.·C. l ~C.UMFE.RE.Nc.L 

--+---
'l8 'l"1 
3\:> __ :.3 _. _ 
'll 'l."!. 

?.S 3/o 

~ - ~l -~C:.ATION TA.C.K 'WE.LO I 
_ '.LOC.AT I ON RE.PAl~'-IE.LO -l 

- -~:. ' L~ C.AT I O"! !Y5.C. ~"TR I KE. ou_":._"' IDE. V.S'::._Al"1 ~ 
L ~ ~ONG IT UO INAL ':> !a.AM (10° B E:_<;:i lOE.==1~ J 

T '. TD? - --- - -- ---- --
6 .,_ B R. AC..ING C..~ C. ~Ct.e 0 

D E G P O OT C O i"'I ST R U C T ! E 8. 1/. - Z VI IJ N D R E C H T 



5- 17 

· /2li509 T.N.O. TUE>E..PROGRAM T.H. 
I. e, . e, .C.. ':,TE.\/ I NI..A& A 

DE.iA IL 
0

A
0 

\.JE.LDOE.TAIL 

':>TAMP HE.ATN l.1. NE.AR l. .S. . AT THE. £.ND OFT HE. P I PE... 

MATE.R I Ai. Q U AL IT'< •, B • ~055 /C.r 500~'35 

ME.,HOO OF \,.,/£.1..0 I NC,. MANUAL PRE.HE.AT: 1oo·c. 

U.':,. ~E.':>E.A~LJ-4 AC.<..ORO IIJ C, TO AS.ME~ PO':>IT I ON·.$e, \,JE,LQle.RNAME..: F"l?.ANKE.rs.J • LJDO 

BH\00 ri'h e,5 1=' i.,'3 "" O :l.OC.AT I ON-l:.Or-JP l l"E.·C. IRC.UMFe.Rl!.NC.E. 
__ 'l. ____ 2,H\00-~ ~ I \0 - \ ~O I 00~,---ir---?,-'3 ___ 4_-:__-+-r,--.. -L-O_C._A ____ -, -Q-N_T_A_C._K_'W_E.._l._O _______ ___, 

-- . - --- - ---- - - --- -
~ ... 1= i.; no ·. )"'°--
!'!:,~ 100 t, no- 11:,0 

··---------
:, BH 100 "",'/4 I \Q - \ ?,Q 

b -- e,f-i 100 . -~i{y- \- \ 10 . 1:10 
r 
I 

I Oo' 

1co· 
100· 

100· 

"),Q '.lS -- - - - - -· -,o '.l.b_ 
?.'3 'l.'1 
¼, ~'l. 

------- ------------------
_ :LOC.ATION RW>A IR.'--1£.1...::) ____________ _, 
•••• ·.l.0(. AT ION ARC.S"TR I KE. OUT'io>OE. W. S €.AM 

L . ':>. :LONC.ITUO INAL <;,E..AM -Lief' 8E.!:> ICX. 4.) ·- ------
i'. TOP - - -- ·------- ---------< 

D e GROOT CONST~UCTIE 3.V. - Z WIJNDRECHT 
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CY2G,509 .I\J.Q. T U BE PROGRAM E.E.G-SMO-Z T.H. TE:ST"31-3l, 
1.e..e..c:.. ~TIL\/IN ....... A 

I ~ I 
C£.:I:81l .. A 

T ~ 
-:"l I 

I. 

:1 ::: I 

~ •.J 
9 ,I 

•J ~ ~ .,4 ~ ; ~ l ""ti ,J 
"' 

7 
I 

i I u 
~---1----· T 

\,.JE:.LDDE:. TAIi... 

~"T"AMIO'HEATNR . NE.AR \. . ':>.AT "THE. E.NOOFTHE.PIPE. 
DE.TAIL A MATE.RIAi.. 01.JAI. ITY: o, E:'l.<:,O / C.: '3055 

ME:..Tl-100 Of" '--1EJ ... O ING:MANUAI.. PlaE...1-1€...AT: <o'::>C.. 

1-u_ . '=>_ ._ R._E._S_E._,.,_R_C._H..;......_A_C..C._O_R_O~I_N_c._T_O_A_S,--M_E._Scc1ccljccl..;......+P-OS __ 1T 1 O N :5c, \,./E.1..0E.R NAM£..: FRANKE.~• UOO 

~M&.R E:.L..C.TROOE. t 'D. S'< M BOL~ AMP. TE..MP. t----, --._E!,_\-I_IOO ___ 'l_'.,./1-t-------t------t--£.-?,--L,- fc O :LDC.AT I ON '=. O/1.J P I PE. • C. I R.'-U M F'E.~!'!>JC~ 

2 1~,o~~- i.'3 - ~'=>-- n - :Loe.AT , ON TAC. K\./E.I....O 
__ $5_ c5° 
11 0 - 1~ 

'=,$ ___ 

--i -- !e.1-1 ,oo ,, ,1., :., ----is-- _ ·_1..ac..A, , oN_'.<_£.._P_A_I R.-'\.J-.. - .... -0--------1\ 0 - 1'?.0 {:,5" 
" :e.H ,oo 1;'/4 'll, ?.?:> .... :1..oc.,.,_--;- ,6 ,;::; "~::.c;;.T£,-K-e.-ou--=r~ ,oi._-...i __ .,,-E,A-,...,-

---- .... -----
s 1~ loo '>;'/~ I S ~':I L.~.:1-0NG I TU '":'-"'~- St..AM(.10• e>l:.':>1~ ~ ) 

i· 

110 - 1..0 L '=,::i" 

110 • l .?,Q I '=,=," 

r 

; 

i T . : TO? 

DE GROOT CONSTRUCT I E B.V. - Z'// :JNDR ECHT 
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0'2~509 T N .O. TUBE.PROGRAM E.E.G-SMO'Z T.H. T~STl7-'.l..'3 
I. B.e..C... <;T2.\/INI..AIO. A 

:::I 0 I 
RETAIL A 

] ~ 

T 

1 
'[ 

lj 
1 11 

; cQ 

'° t<'1 - ~ ... (I) 
L.':,, 

'----l----'T 

I C. 520 p· 
\,J E:.LOD~TAIL 

!:>TAMPHE:.AT N!l.. NE.AR\...~. AT "THE. E:.NO OFTHE. P I PE. 
DE.TAI L A MATE.R I AL OUAL. ITY: e,, 90SS /C. :9055 

ME.Ti-<00 OF' \,./E:.l..O ING:MANUAl.. pgE...HE..AT ', <o'::>"C. 

U.5. RE:.SE:. ... RC.H AC..C..ORO I NC.TO ASME:. 'SZIII POS IT ION : SC, \,./E:.l..DERNAME.: F"RA>-JKE.N / UOO 

PA.,,.;,NUMBE.R E.U:LTROOE:. AMP. TE.MP. 1 n SiYMBOL~ 

I BH too 2. '/'l. BS f:,'::,o 5 1 b:> 0 :L.o<.AT I ON ,i;. 01'.I P IF'E. • C. IRC.U M F"E.i:ENC.E. 

2. ~H_I_O~_ . 3•f_,-
3 0..-1 100 3'/, 

BH \ CO ~ 

65° 
- ---

1\0 • 130 37 40 r\ :1-0C. ATION TAC.K\..IE..I...O 

6:::: 
---- -r I \0 • 130 34 ;,'3 _ ·. Loe.AT ION Re.PA I R. '..Jia.1..D --------

\ L.0 • l<oO 65° ?-S c, I .. .. '.I-CC.AT I ON ARC.°':•• R I KE. OUT':, 10£. '-'· 'a>E.Al"T 
- ~--

5 --- ·-·-
BHIO0 '< 
e,..; 100 3 '/4. 

\a·..-1 i'.)0 ?,'/4 

65' 'I=- ) 11.::.0 - 160 3 1 31., L.~.:1.0 NGlTUOiNAl.. SE.AM (1 o•e,~!:,10E. 

110 - l?>o 
,. _, 

'B '2b T. .TOP -0:0 

I 11-::i • I ~0 
·---- ---------- --- -----

.1 lo"I 35 ?,, B, oRACl"-.iG C,GHC:2D 

0~ : ::>-:J 7)·/4 I I :l - I 3 -:::> 6 c:, '2.'1. '.l. \ 

DE GROOT CO t--J3TRUCT!E !3.V. - Z WIJNDR ECriT 
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0 / '2.~509 T.N.O. TUBE.PROG~AM E.E...G-SMOZ T.H. 
1.e.e..c.. 

T 

OE:.TAI L.
0

,6; . 

U.S.. RE.':oe.A"C.1-1 AC.C.ORD ING TO A'::>ME..'SZTII. 

.•.~NUl"'l&R E:.\..U:.TRODE. AMP. TE..MP. 

I BH 100 'l. 1/,J. 75 ~5• 
2 B}-1 100 --r12 S!> -- -- 05°--· 

pE...,-AIL. ·e,· 

T c::::;;:=;;=::;;;::::: 

i. 
1! 
,I 
,I 
,1 

:1 
'· 

\,/E.l.DOE.T A IL. 

S.Ar•u::, He:.ATl'JR. NE.Ai::t L .S. AT TI-IC. E.NO OF THE.. 'P I PE. 

MATE.RIALOUALIT"'('. 2>: ST.51-~ C,VH0'20'< 

C.ONN~T I ON'.P I PE. ... ee." >< ~l. TO PIP E- </. 11o,e x '=> 
MC.Ti-100 OFVE.Ull1'1G".MANUAL. PRE..I-IE.AT: <o!:> C. 

PO"=> I TION:SG WE.LD~RNAME.: F"RANK8-J 

RE.MARK$ SYMBOL.'=-

'=::, : L.OC.AT ION ON P I PE:.·C.lRC.UMFE,=,..i 
----- - ------------·------------

b :L.QC.AT ION TAC:.KVUJ:> 
.. ~ ------ ------ - --------< 

:LOCATION RE..PA ll<!'-../£.!..0 _________ __, 
: LOC..AT l ON ARC:C,,TglKE. OUTSIO(. '-J . ',,E.AM 

L,,',,, :LONC. lTUO ll-J AL SE..AM-(10;-BE.$10~ 4,) 
- - --- - - -- - - --- .. 

T. : TOP 

C..: C.H OR.0 

D:: G R OOT CONS T RUC T I E. 3 .V. - Z WlJNDR E CH T 
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1.&.e. .c.. 

I 

OE.TAi l. A 
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T U BEPROGRAM EEG-SM OZ 

I 
I 

-~ 
- ~ 

Dt;,.TAI L 0 . ~ 

I 

-,--

p·98 

II 
T :::::;;::::;;::::;;::::: 

T 

\,JE.LDOE.TA IL 

STAMP HE.AT N R .N E.AR L.S . ATT H E:. E.NO 0► T H E. P I P~ 
MA---T~R. IAL OWAL IT Y: B ~ 'a>T. ~'2. • "?, / C., 'IH0'2.0~ 

M~T HO0 OF' 'w'E.LD INC. :M A NU AL PR E. H E.AT: '=,!:," 

U ':>. RE.'::>~A.C.~ AC.C.OROING TO ASr-1E. "SZIIJ: PO~ IT I ON ".SC. '\NS.I...OE-RNAM~\ UOO 

?,.._SS'-JU M!!>l:.R E.LE.C.T ROD E.. AMP. TE.M P . I 1I m s----<M2>0L'=-1--------.------ -1------1---- ---+---
I BI-I 100 '2. 'I~ 

t----'l----+BH 100 '). ' /.i_ 

- ------ T - --

70 
-;8~-- "" t:> 6 --- -- -· - -

t , 7 

---- ---F---_ __ -----
-- ---- t 

O 1.0C.ATI O N ~ O N P IPE.. · C.. IRC.UMF~\iZ:E.N 

r, '.Lo:.AT ION TAC.K'\,.JE.i..::> 

_ '.LOCATION l=tl:.PA IR'...l<-1..0 - -- ------- ------------ ---
__ _ '.LOCAT \ Oi-J AKC.ST.:Z. I KE., O UT':> IOE..\oJ.~....,_M 

L.S, :u: ,~G ITU01"-1AL. ',:,E.AM ( 10° ---•ot. i. ) 
T :,o ;::, ------ ----- -------------! 

~, C.HO~:l 

DE GRO OT CONST71 U CT l E S.1/. - z w1..; NDREC H T 
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TUBE PROGRAM 

•"""----~--·~Q...___;_ _______ ,L.<t'3.....,..__ ___ ..,._~ .. 

-~1_~'2,Ly,¥.loo e:aa_ 

8'.15 

OE.TA i l, A DE.TAIL ·B"" 

EE.G-'SMO"Z T.H. TE.ST tO,.J1 
5TE.V1-.11.A A 

\,./ E:.LOOE.TAIL. 

STAMP 1-1E.A7"NR. NE.AR l..'::1. ATTHE. \:.NO OF Tl-lE. P I~ 

MATE.R IAL QUALITY: B,'3055 / C., 5003'3~ 
C.ONN~C..T ION:PIPE.•t..~1 i< I '=> TO PIPE.c;,;:,1','-x"3'l. 

ME.THOO OF" \..JU.QIN<,: MANUAi.. PRf.1-'E.AT: I oo· c.. 
U;,, RE.'oC:.AAC.l-l AC..C.OR0 11'JC, TO ASME. S7JII. 

I -- --Loi-I too_ ?.. '/1. 85 100° t"' 5?> 
'2. _ -~E!>':"'~~o __ _ :1 '/4 _ I to _- 1,lo _ 100• _ _ _ L.?> ___ L,?, 

3 1'2H 100 L, 1 1 ~o - H:,o I oo• :v, 31. 
L.--·:e,i:;-100 - t., 71 L.o- l 6o -,oo• - .1'3 -- 1'3 

5 --- - le,1-1 100· ?,_1/4- i 110 -Bo - , oo· ~-~ [ _'l.ii· - - 'l..1 

.,, [oH too ?,'},., ! 11 0- 130 . l __ 100.:_ . . r :F1_ '1.<:3 
--· \ .. . I f ! 

SYMBOL'::> 

I o :L0<:.AT 10N_Js. _0N P 1PE.. -c. , .. c.u,..,F"E.2E.Nc.E.. 

i r, :LOC.ATI ON TAC."<''-.IU..O 

t ~-'.LOCATION -Ri?A~R'Wiw:>·--
---·-- ---· - -·----

' ___ ·.LOC.1\T,ON A<C..STR1KE.. QuT~ I Q!c.\,J.SE.At-e. 

. "'."'OP 

G ?. 0 0 T C 0 ~-1 ST R U C T I E B .V. - Z W IJ i'I D R E C H T 
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1,2>.e,,c., 

DE.TAIL A 
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TUBEPROGRAM EEG-SMOZ. 

1I. 

I 

\,JELDDE.TA IL 

DE.TAI L 6 

':,TAMP HE.ATNR . NE.AR L.S. ATT H E. E.NO oi::- THE. P I PE. 
MATE.R. I AI.. QUAL ITY: B ,'::>T.S';l_-'3 / C., Vl-l 010'o 

C.ONI\J~C.T I ON', P I PE.. 4-elb' x e,'- 7"0 P I PE:. c;, \ 68; Y- ~-. 

HE.THOO OF '--.IE..LO IN'"':MANUAL PRE.HE.AT: '=,'::," 

U.'=>. RE.'=ie:.ARC.~ AC.CORD I NG TO A~ME. sz:m PO~ I T I ON·. ':>C. 

PA':> '=> tJUMe.E.R E.LE.C.TRooe.. ,,._MP. TE.MP. I JI 
i BH 100 ':J. 'h 

r---2----te,H 100 ?.'h. 
___ :}_9 ____ ,-_(:,_'5_

0 

__ +-_6 ___ ~ - --I--O--"L=-0.:...C.cc_AT--'-l --"0-N.:...:t.=---O::..N __ P_I_P_E.._·_C._I_R_C.c:_U..:....:.M_.:..,F...:E..::..=>.J-=:._-1 
es 65. 7 7 n '.LOCAT ION TAC.K'-JE.I...O 

. -- ----- ______________ __, 
_ '.LOCATION RG.?AIR'../E.l-0 -· ·-·----- - --- - -----------t 
___ '.L.OCAT \ ON ARC.STR.IKE.. OUT!:> IOE..\.J. ':>E.AM 

L~S. :"i:.oNGIT-UO,~A-L" s~(,0° &E.C::t \ O€. ~ } 
- ---- -- -

T. '.TOP 

0:: OR.AC. ING C..,C.HO<;!.O 

Di= GR.COT CONSTrlUCT I ~ 3.V. - ZV,'IJ NDRECHT 
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0/~:,09 T.N.O . 
1. a .a .c.. 

TUBE..PROGRAM T.H. TE.~T 1o-17 
~;ri.'4 1NLAa. A 

T 

,. 

L .'i> 

IP IPE<;!.9 14• X 32 LG. 3900 p: 50 

l 5'.l..O X "-0 LC.. 5'2.Q ~ 51 

DE.TAil.. A DE.TAI i... 6 

STAMP 1-11:.ATNR. NE.AR. l.. . '.:>. AT 1HE. E.NO OF THE. P I PE:. 

MATE..R I AL QUALI T._,, ·• B , '905~ C., 5003<:P!!, 

CONNI..C.T I ON: P I PE. q, '-<:i,'- >< l b TO P IP E.. •':! t~" -."3'2. 

ME.T H OD OF 'wE..L.Olt--lC. : MAI-IUAI.. P~l:.>-1'-AT': 1ocrc. 

U .':, . RE.."=>-.A~H AC.C.OR0 1NC. TO A'=:,ME..:sz:D:t. PO'=>l-,- I ON: Su '-IE.1..01<.R NAME.. ". FRANKEN LJOO 

PA~\JUM8el1. c.LE.C..T~00E. AMP. 

1 BH 100 'l' IL es 
--+----------

2 BH 100 ?, '/<t I ~0 

3 ____ ie,~~---2>_'/_•_·-~~l 'l_O • I L..0 
L. BI-< 100 £< 150- 165 

------,>-- - ·-- ---
:, BH IOO £., 1:,0- l b!:i 

b - 2,H 1cio ~/~ 1 1.0 --130. 
7 2,~1 · ::,Q ~,;:;- I Ila - 1~6-

TE.MP. 

100• 3:', E.LE.C..T~0OE.<, 

100° 'l f 
1o"o·- ·- ~5 
1 oo· 'l..8 --•- ~ -- -
I Oef '3 

100· 

!C':J~ 

r, :LOC.AT" ION TA<:..K '--/E.LO -----------1 
_ :LQC..AI IOJtJ ~E..PA I Q.'-IE.'-0 --~------------< 
____ '.LOC.P\T l Ot-J AQ.<-c:.T~ l Klt. OUT<:,1oe.,\.,,..J , lol..A'"" 

, . '.,OP 
.. -·~ -- ----------

6: 2>;;;l.AC. 1,-..JCa. C.,C.HO~O 

~M '::.::> 3'/,_. It:) !C-::f "--f 1-,::>>-.J.:;n:.::::::.·;::l::.j 
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4.6. Summary of the main conclusions 

For more detailed conclusions see pages 2-9 and 2- 10, 2- 52 and 2- 53, 
2- 62 and 2-63, 2- 132, 2- 164 and 2- 165, 3- 24. 

1. The tubular joint testing shows a · significant size effect. 

The larger the joint, the lower the fatigue strength (for sizes 

from 0 168 - 6 mm to 0 914 mm - 32 mm) . The tested plate specimens 
of 40 and 70 mm thickness do not show ~n in f luence of the thickne~s. 

2. Some fatigue results of the large tubular joints at long lives fall 

below the AWS-X line, it is advisable to rotate this design- line. 

3. Artificial seawater of 20°c decreases the endurance of tubular joints 
and plate specimens (constant amplitude and random loading) by a 

factor of 2- 3. 

4. A less steep weld angle (45° versus 70°) has only a slight beneficial 

effect. When the weld angle is smaller than 45° this effect seems to 

increase. 

5. Finishing of the weld toe by means of TIG- and Plasma dressing and 

Grinding increases the fatigue life in air as well in seawater. 

Seawater, however, reduces the favourable effect of the finishing 
techniques although a beneficial effect still remains . 

6. The stress ratio has a small influence on the fatigue strength in air 

and seawater of welded joints loaded in bending. The effect was found 

not to depend on the environment and to be more pronounced for the 

stress relieved specimen, than for the as welded specimen. 

7. Cathodic protection seems to be most effective at lower stress ranges 

however, the test on a tubular joint with cathodic protection showed 

no beneficial effect compared to the joints tested in seawater. 

8 . The endurance of the flat specimens tested under two different spec­

trum loadings is a factor 1.0 - 1.3 larger than the expected life as 

calculated through Miner's Rule .. 

9. The orientation of the crack plane proves to have no significant in ­

fluence on the fatigue crack propagation rate which at R = 0.1 can 
be described by the relation da/dN = 6. 1 x 10 -9 6k 3•0 i n the region 

6 < 6 k < 80 M Pa Im 

10. In seawater the fatigue crack growth rate i s about a factor 3 higher 

t han that in air. 
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by these techniques. 

A significant improvement can not be reached by changing the weld angle 

from 70° to 45° , (fig. 2. 2.26). 

If other weld shapes , (e .g. a convex weld) can improve the fatigue life, i t 

has to be determined on te s t specimen with realistic dimens ions and wel ­

ded under circumstances as can be used f0r l arge platforms . 

4. 5. Crack growth 

Besides hot spot strain and number of cycles to failure, crack propagation 

was observed in all tests on tubular joints. Furthermore complimentary 

to the endurance tests crack propagation studies on plate specimens have 

been carried out in order to generate diagrams in which the crack growth 

rate is plotted as a function of the range of the stress intensity factor . 

This outlines that the alternative method of fatigue analysis using 

linear fracture mechanics is also a method which the investigators have 

in mind. 

However the application of fracture mechanics is complicated by the fact 

that the cracks grow in two dimensions: along the weld toe (and some­

times away from the weld toe into the chord material) and through the 

thickness of the parent material. ·This complication together with the 

very complex stress distribution in tubular joints cause a lot of uncer­

tainties in calculating endurances by fracture mechanics, up till now, 

but considerable effort is going on in all countries to solve this pro­

blem. 

Besides the use of the crack growth data that can be made by investig ­

ators trying to predict the life by fracture mechanics these data can 
) 

also be used in predicting the remaining life of joints already cracked. 

At this moment for design purposes S- N lines and the Miner summation for ­

mula will be used, but it is quite clear that in future improved fracture 

mechanics calculations will provide a better prediction of the life of a 
tubular joint. 
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carried out (outside of this programme) in t he Netherlands, seems to 
indicate that PWHT will not have an advantage at short and moderate lives, 

but only at long lives (low stresses). 

Concluding: for large as- welded joints it seems advisable to rotate the 

AWS - X design curve in such a way that t he slope will be steeper, with 

shor ter design lives at low stress levels and longer lives at high stress ­

levels • 

4. 3. Size effect 

It has been already stated that there is a signifi cant effect of size. 

There is no compl ete understanding which factors ca use this effect and 

to what exte nt they contribute to this effect. By usi ng crack growth 

laws base d on linear fracture mechanics it can be shown that t he en ­

durance of thicker plates i s shorter than that of thinner plates, but 

this ca n not exp lain the very large difference found in these tests. 

Other factors may be: 

1. Initial stresses due to welding 

2. Larger probability of defects in the hot spot area 

3. Shallower st re ss gradients in thickness and circumferential direc ­

tion, which causes larger plastic zones, and higher stra in rates. 

Future re search is needed to clarify this effect . 

4.4 Improvement of the fatigue strength 

Fig. 2.2.30 page 2- 94 shows a benificial effect of Post Weld Heat Treat ­

ment on plate specimen This effect is more pronounced at R = -1 than 

at R = 0.1. It has been stated already that there are indications that 

the advantage of PHHT is les s for large tubular joints ,es pecially for t ho se 

with high stra in concentrations . It may be t ha t at low stress level s 
(importa nt for offshore structures ) ·there is a significant benificial 

effect, however then the question arises, how t hi s joint will behave 
under a complex service loading . More research to cl arify this problem 

will be needed. 

Weld finishing techni que such as gri nding, TIG- and Pl asma - dressing 

increase the fatigue li fe in air as well as in seawater(fig . 2.2.27 page 

. 2- 92i Although seawater reduces the favourable effect of all these 

fini shing techniques s till a benifi cial effect remains. I t ha s to be 

checked how far t he fat i gue l ffe of ·re al t ubul ar joints ca n be improved 
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be seen that strain conce ntration factors do not change· very much. Far 

more important is the shape of the weld toe. However it is very hard to 

influence with efficient accuracy the shape of the toe of the weld in 

practice without using weld finishing techniques. Fig. 2.2.26 page 2.92 

shows that changing the weld angle from 70 to 45° improves the fatigue 

strength only very slightly. 
Furthermore all the tubular joints (fabri cated by~ firm which has ex­
perience in constructing offshore structures ) were welded in horizontal 

position with both chord and brace horizontal, however, no significant 

difference in the fatigue behaviour of the top- or bottom side was fo und 

thus no influence of the welding position could be discovered. A number 

of times the cracks started at both sadd le points (top- and bottom sides) 

of the intersection in the chord wall at the weld toe; in other cases the 

cracks started at random at the "top" saddle point or at the "bottom" 
saddle point . Fig. 4.1 . gives a comparison between the regression lines 

of the results of the tubular joints~ 918- 32 mm, R = 0 and the plate 

specimens 40 mm, R = 0 .1; 70 mm, R = 0.1; and 70 mm, R = - 1 plotted 

against the strain. It can be seen that the results of the plate speci ­
men are a little bit lower than those of the tubular joints. 

Looking at all the results and the factors which can have influenced these 

results or which are important for a design life (service loading) there 

is in our opinion no reason to assume, that the results are too pess.imis ­
tic for as-welded tubular joints tested at R = 0 . 

The results of the tests carried out in the U.K. on tubular joints with 
a chord diameter of 914 mm and a wall thickness of 32 mm lie somewhat 

higher than the Dutch results, but they are conducted at R = - 1. 

Fig. 2.2.28,page 2-93,shows that the fatigue strength of flat 70 mm spe­
cimen tested at R = - 1 is also somewhat higher than those tested at R = 0.1. 

The specimens with a diameter of 1830 mm and a wall thickness of 76 mm 

tested in the U.K . with R = - 1, Post Weld Heat Treated, in air, give 

nearly the same results as the 914 mm diameter joints R = - 1 tested in 

the U.K. ,Comparing this with the Dutch tests on flat specimens the fol ­

lowing can be sa id . The flat specimens with a thickness of 70 mm show 

(especially at R = - 1) a significant beneficial effect of Post Weld Heat 

Treatment (fig . 2.2.30). No influence of the thicknesses between 40 and 

70 mm (AW) could be found (fig. 2.2.32), so the results of the tests on 

70 mm plate thickness-PWHT are higher than those on 40 mm plate thickness ­

AW .. Thi s seems to be in contradi ct ion with the above me tioned results of 

the tubular joints~ 1830 - 76 mm PWHT and~ 914-32 mm AW. 

However recent tests on PWHT-specimens with a chord diameter of 918 mm 
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There are three more factors which can influence the life of an as-wel­

ded tubular joint: the environment (seawater), the loading (service 

loading instead of constant amp l itude loading) and the shape of the weld. 

- A seawater environment of 20°c decreases life by a factor of 2½ to 3, 

as can be seen in t he graphs. Thi s i s in good agreeme nt with tests 

done on plate specimens. It may be t hat t hi s factor will be smaller 

in seawater of s0c. Tests on plate specimens in t he U.K. sho~ at t hi s 

temperature,nearly no influence of t he seawater. 

Future tests in the U.K. will perhaps provide informat ion wh ether this 

is al so true for tubular joints. 
In general cathodi c protecti on will avoid t he influence of the corro ­

si on on the fatig ue behaviour . Some tests in the U.K. and i n Germany 

even show better results than in air. 

The Du tc h tests with cathodic· profect ion on plate specimens confirm 

this at long lives, but at shorter lives (high stresses) the cathodic 

protection seems to be l ess effective and the only corrosion fatigue 

test on a tubular joint with cathodic protection done during the 
Dutch investigation shows an increasein the number of cycles to crack 

initiation but a higher crack growth rate, so t he total life is near ly 

the same as in seawater. How far t hi s t~st is representative for t he 

behaviour of tubular joints has t o be determined in future tests. 

- The two t ubul ar joint tests,½hat were carried out with a random 

)oading · gi ve good agreement with t he constant amplitude tests if t he 

random tests were plotted on the base of t herms- value . Also Miner' s 

rule seems to be valid for these tests. The same conclusion can be 

drawn from t he random tests on plate specime ns (see page 2-132 ) . 

However, after ana lysi ng t he results of tests in se vera l countries , 

Dr . Schu tz states in hi s rapporte ur ' s report for t he ECSC Offs hore 

Colloquium in Pari s, October 198l~that i t is better to use a Miner' s 
summation factor of ! for de s ign. purposes. That means t hat by accept­

ing hi s proposal the design life will be a factor of 2 shorte ned . 

- A lo t of discus s ion is go in g on abo ut t he in f luence of t he shape of 

the weld . Clear distinction has to be made between the angle of t he 

weld and t he shape of the toe of the weld. It i s our opinion t hat 
we ld ang les between 70° and 45° . do. not influence the fatigue strength 

very much. From finite element calculations (3.5 page 3.25) , it can 
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4. GENERAL DISCUSSION OF THE RESULTS 

4.1. Introduction 

This investigation is aimed to provide the designer and certification 
authorities relevant data about the (corrosion} fatigue behaviour of 

tubular joints. To be sure that the results will be of direct use, it 

was decided that the steels, welding procedures, specimen design and 
manufacturing (especially of the large tubular joints), should be cho-
sen within the rang~which are used in the North Sea. 

In discussing the results of the project it therefore seems appropriate 
to start with the results of the tubular joint tests and to see what 
kind of additional information can be got from tested plate specimens. 
The results of the fatigue tests on tubular joints are given in 
Figs. 3.4.41 to 3.4.44 on pages 3.92 to 3.95. 
Looking at these figures two important observations can be made. 

There is a significant influence of the size; and the fatigue results 
of the large tubular joints at long lives are lo1ver than was expected. 

4.2 . Fatigue strength of tubular joints 

Starting with the latter observation it has to be remarked that the place 

where a fatigue result of a tubular joint will be plotted in an S-N graph 
completely depends on the definitions of Sand N. 

The definition of the strain, however, as adopted by the Working Group 
III of the ECSC Offshore Programme and explained on page 3.11 seems 
reasonable. For the extrapolation, perhaps it will be better to take 0.4 
times the wall thickness as the smallest distance of the strain-gauges 
instead of 0.2/rt, but this will have nearly no influence on the results 
plotted in t hi s case. Comparison of the values determined in t hi s way 

from the test specimens and finite element calculations and/or parameter 
formulae show a good correlation, so it may be expected that the results 

can be used directly for design purposes. 
In the figures 3.4.41to 3.4.44 the definition of N is end of the test ; 
a not very clear definition. However, the tests are carried out far 
enough to cover any reasonable failure criterion, such as through crack, 
a decrease in st iffnes s or a specified crack length . 
Accepting the through crack as a failure criterion means that the li fe 

will be reduced by a factor of about 0.8. Specifying a crack of about 
30 mm as a failure criterion will reduce t he life with a factor of 2-3. 



4- 2 



4-1 

Delft University of Technology 
Department of Civil Engineering 
Stevin Laboratory 

4. GENERAL DISCUSSION OF THE RESULTS 

Delft, May 1981 
Prof . ir. J . de Back . 

-~ 



E:n 

E: 1 

~] 
100 i"""-:--=b-~_,_-~ - ---H--t-- - + 

·"-. \ 
'-------.......0 \ ·, \ 

\ +\ 
0 

\ \ 
\ \ 
0 \ 

\ -\ 

specimen 

no 

13 

l(j 

17 

test N end of test load 

condition r ange 

air 5.0 * 10
6 270 kN 

seavJ ater 
4. 3 * 10

6 240 kN -- +--with c.p. 
seawater 

4.3 * 10
6 

free corr. 240 kN - ·- 0 - ·-

N 
\ _ \ 

\ )-- ~-:----------t---f----=~ ::::----+----+---+--~~ 0 --+-----+---- ----r----1 

30 \ 

Nend of t es t in air 

10 
\ - __ J.QO ~] 20 

- 100 _, 

Fig.3.4.49 

\ 
0 

\ 
\ 

"0 
"-

40 

\ /+0 
\ / / 
¥ / 

"- "- I 
·0 

I 

50 90 ----

Change in st rainran ge during fatigue test dependent on the te st condit ion 

w 
I ,__. 

0 
0 



j l 

Er(fmm/mm) 
3000 I --

~ 

-
~ 

-2000 I 
-

-
1-1500 

1000 

900 

800 

700 I 

I 600 

500 I 

400 I 

-
-

-

-

-

-

-

-

-

I 

. 

I 

(hot spot strain range) 

-ui 

- -. ..... --:: , I 

" -u-

. rL____A ... -

"" 
I I I I I j I 300 

104 2 4 6 8105 2 4 6 810
6 

,__. 
~ ~-. ,-. ...... _ ..I. " ... 

11 Ml 

Cp I~ " ,J .. .....- ·--
2 4 6 8 10

7 2 

Fig.3.4.48 Tes t res ults to various failure criteri a (914 .4 mm T- and X- joints ) 

I I I 

4 6 8 10
8 

OUT/ 

Offsh 

T- an 

0=914 

8=0.5 

Test 

• 
• l 

+ 
* 1 
~ se 

Nl * 
N3 D 

TNO 

ore research programme 
d X- joints 

.4 T=32 

stub 

stub 

aw. 

T=0.5 

(T) 

(T) 

( X) 

( X) 

(T) 

Loading 

Ax 
Ax 
Ax 
Ax 
Ax 

= E - 15% 
r 

R 

0 

0 

0 

0 

o I 

= crack through 
N4e •+*,= end of test 

-

cp ·= ith cathodic protection 

N C: cles) 

I W 
I 

I.O 
<..O 



I 

3000 
Er(p.mm/mm) (hot spot strain range} 

I 
f--

f--

-
-
-

2000 I 
-

-
,.__ 

1500 

1000 

900 

800 

700 

600 

'1 

:, 

I 500 

I 400 

-
>-

-
-
-
I-

.._ 

>-

-
300 

104 

I 

2 

D+ 
~ tu ~-

lL 

' 

i I I I I I I i I 

4 6 8105 
2 4 6 810

6 

~ - lrL__L 
r ._. I 

1t'-£ .. I.I" 

1......_________ In L ..... 
~ t-{_ + 

~ ..... ~ ___L '-- .• 
~ ILJ 

I r • ~ 
~ • 

. 0--0 

I I I I 

2 / 4 6 8 107 
2 

Fig.3.4.47 Test results to various failure criteria (0457.2 mm X- joints) 

OUT 

Offs 

X- jo 

0==45 

Test 
0 

+ 
+ 
X 

Nl * 
N3 D 

N4 o 

I I I I 
N (cy 

-
4 6 8 10

8 

/ TNO 
hore research programme 
·nts 

7.2 T== l6 

s '[ Loading 
1 1 Ax 

1 0.55 Ax 
1 0.55 Ax+ Random 
1 0.55 Ax+ Compr. 

== t: - 15% 
r 

== crack through 

+ + X == end of test 

cles) 

R 

0 

0 

0 

0 

w 
I 

I..D 
OJ 



I l 

3000 
Er(µmm/mm) (hot spot strain range! 

I._ 

I-

-
-
I-

2000 I 
I-

._ 

) I-1500 

1000 

900 

800 

I 700 

I 600 

I 500 

I 400 

-
I-

I-

I-

I-

-

I-

-

I-

300 

-10
4 

.• 

... .... -
~ _ri_ .. j 

--'- M --.., •• !" ... .:::.:r 
~ .... 

-- ::1- r, 

- -· r,ia 

-~ .... 

I I I I I I I j I I I I I 

2 4 6 8105 
2 4 6 810

6 
2 4 6 8 10

7 
2 

Fig.3.4.46 Test results to various failure criteria (0457. 2 mm T-jointsl 

OUT 

Offs 

T- jo 

0=45 

Test 

• 
JI 
b. 

Nl * 
N3 D 

N4 • 

I I I I 

N (cy -
4 6 8 10

8 

/ TNO 

hore research programme 

i nts 

7.2 T=16 

s T Loading R 

0.5 0.5 Ax 0 
0.5 0.5 Ax -1/0 
0.25 0.39 Ax - 1 

= Er - 15% 

= crack through 
, b. = end of test 

cles) 

w 
I 

I.D 
-.J 



j l 

Er(fmm/mm) {hot spot strain ran ge ) 
3000 , ___ 

~ 

t-

,- ~ 

f-

2000 I 
~ 

~ 

, t-1500 

1000 

900 

800 

I 700 

600 I 

I 500 

I 400 

~ 

,-

f-

t-

....... 

t-

~ 

~ 

~ 

300 

10
4 

I 

2 

.. 

... -

-E 

fl) 

I~ ,...._ 
-

I I I I I I I j I 

4 6 8105 
2 4 6 810

6 

I 

"ti-e 

In 

-o--e, 

1't---l ~ oe 

I I I I I 

2 4 6 8 10
7 

2 

Fig.3.4.45 Test results to various failure criteria (0168. 3 mm T- joints ) 

I I I I 

4 6 8 10
8 

DUT 

Offs 

D=l6 

S=O. 

Test 
0 

•I 

+ 2 

0 

Nl * 
N3D 

/ TNO 

hore research programme 
8.3 T=6.3 
5 T=0.5 

Loadi ng R 

Ax 0 
stub Ax 0 
stubs Ax 0 

I.P .B 0 

= E - 15% 
r 

= crack through 
N40 ••o = end of test 

N (cy cles) -

w 
I 

<.O 
0-, 



Ja 

Er(fmm/mm) 
3000 

2000 I 

1500 

1000 

900 
800 

700 I 

I 600 

500 I 

400 I 

I 

I 

' . 

r 

r 

,----

,---

' 

r. 

,---

,-----

I 

I 

r 

r-

1 !f 

...::,, 

' 
'. L:::s 

...... 
. 

I~ 
I"" ~ 

l l l 

'-
i.::: 

I~ 
...._____ 

~ g 
I"" l5B I ""-

C::::: ·-.? ~ 

~ 3e "' 
Le, "". g ".s> ~ . 
4~ ·2 L:::::::, 

1 g '1'----~ -9.; 9' '. ~ , ...... 
·9 I~ ~ 4, 5 9 

~10 t:t: "~ CS,-r " 'C •2 l""' 
~ """ 7fH 6 · D ~ 

f"'- , I""- 0 1 s""~ 
"" ·1, L's ~ "" 

~ ~ 
'~ '1~ 

~1 ............ 81"" . 
1--- L"-, 

~ 
. 13 ~['-

l J 1 l J J j l J l~ l 300 

104 2 4 6 8105 
2 4 6 810

6 
2 4 6 8 10

7 
2 

OUT/ 
Offsh 
T- joi 

8=0.5 

Test 

• 
+ 
0 

N (cy 
l - l l --

4 6 8 10
8 

Fig.3.4.44 Compari son of iatigue re sults of different joint s i zes based on hot spot strain range 

TNO 

ore research programme 
nts 

-r=O. 5 

--
D Loading R 

168.3 Ax 0 
457.2 Ax 0 
914.4 Ax 0 

cles) 

w 
I 

I.O 
U1 

·1, 



3000 

2000 I 

1500 

1000 

900 
800 

700 

600 

I 

I 

500 I 

400 

300 

1 

l 

Er(pmm/mm) 
-
~ 

'-

...:.. 

'-

'-

-

' 

"' -

" ~ 

"' ~ 50% s urvival line -
"' I"- " '- ~ ·. ~ 95% survival line 

'- ~ 
~4's. "" "' 20 " 
~ "-

""' 
1-t '--

'- + 35 

'- ~~ [4o 
"' "' "' ~ '-- ~ l' 

'- "~ 15 "-

~ ~ 
~ ~ "-'-

~~ ~ ~ 
'~~"'~ ~ 

'~~ [ 6cp/17 J, N._ ~ 21 
I I I I I I I I I I I I .... 

4 
-~ 

Fig.3.4.43 Fatigue res ults based on hot spot s train range (0914.4 mm) 

39 
~I I I I 

OUT 

Offs 

T- a 
0=91 

S=O. 

Test 

• 
•l 

+ 
X l 

~ s 

/ TNO 
hore re search programme 
nd X- joints 
4.4 

5 

stub 

stub 
eaw. 

T=32 

-r=0.5 

(T) 

(T) 
( X) 

( X) 

(T) 

Loading R 

Ax 0 
Ax 0 
Ax 0 

Ax 0 
Ax 0 I 

cp= wi th cathodic protection 

N (~y cles) 

w 
I 

\.0 
+'> 



3000 

2000 I 

1500 

1000 

900 
800 

700 

600 

• 

• 
I 500 

I 400 

I 

Er(pmm/mm) 
---
--
t- "' -- ~ 

' -- "' - ~ : 

t- I'-
- % • 11· "-95 surv1va 1ne 

' 
t- ~ 

I'--. 
t-

--
-
-
-

-

"' "- 50% survival line 

~ 
I"- ~ 

~ , " 
~ . 2 

I'-.... ~ " ~ r-..... 

~ -1¥s,--r ~ 28 0 la, 

~ ~ 
5 ~ 

'---~ ' ' I's 
' " I"--.. 

' 

+30 

~ .. ~ -lj3 

' 7 ~ 
IC 
32 37 +-" 

~~ ~ 38 r 
029 H'" ~1 )(~6 

I'... ~ 
........ 

~ I'-K 8 • 14 "°iri' ~ r--,... 
"" 2f ~ ~ - f¾ 

300 

104 2 

I I I I I j I l 1 I I I I '"' I 

4 6 8105 
2 4 6 , 810

6 
2 4 6 8 10

7 
2 

Fig.3.4.42 fatigue res ults bas ed on hot spot s train range (0457.2 mm} 

OUT/ TNO 
Offshore research programme 

T- and X- joints 

0=457.2 T=l6 

Test f3 '[ Loading R 

• (T) 0.5 0.5 Ax 0 
jj (T) Ax 10= 0 0.5 0.5 4=- 1 
6. (T) 0.25 0.39 Ax - 1 
o (X) 1 1 Ax - 1 

+ (X) 1 0.55 Ax - 1 

-l' (X) 1 0.55 Ax - 1 

X (X) 1 0.55 Ax - 1 

_J) = seawater test w 
I 

-¥" = random loading I.D 
w 

X = with compress ive chord load 

' 

N (cycles) 
I I I -

4 6 8 10
8 



. , 

l 

3000 
Er(fmm/mm) 

I --
-
'--

...;.... 

...... 
2000 ' '-

~ 

I '--1500 

1000 

900 
800 

700 I 

600 I 

500 I 

400 I 

-

-

.._ 

-
-
-

'--

~ 

...... 

300 

104 

' "-.. 
. f' ..... 

1, I'-._ 

""'-- 19 .... ~ 0% survival line 

r- ' 
'~ 

' " 25 
95% survival line""'- " r<l 

I'--...... ~ 
"-
~ 3. 24 o 

' I'-.. 
"-

"""'-- ~ ~ ~ 22 "-.. '-

I'-.... """~ 26 ~ r--.. 
~4's. " 1s• · , ~ '-f 

~ """ 
... '-

"' •2 23 ~ 

""' t'...... 

~ " "-
"r--,._ 

'~ ~ I'----.. I"-
'- I"- f'-

~ I'--
r-----.. ~ ' " r---..... 

"'-- ~ 

' 1, 
I I I I I I I I I I I I I I I I I 

2 4 6 8105 
2 4 6 8106 

' 2 4 6 8 10
7 

2 4 6 8 10
8 

Fig.3.4.41 Fatigue res ults based on hot spot strain- range (0168.3 mm) 

DUT I TNO 
Off 

T- j 
shore research programme 
oints 

D=l 68.3 T=6.3 

S=O .5 

-
Tes1 t 

I----

• 
• ... 
0 

1 

2 

-r=0.5 

Loading 

Ax 
stub Ax 
stubs Ax 

I.P .B. 

N (cy cles) -

R 

0 

0 

0 

0 
_J 

w 
I 

\.D 
N 



j ~ 

Sr (N/mm2) 
50 

~ 1 • 40 

-

30 -
-
~ 

-
-

20 - "'-- "- 14 ', ,.. 
"-..,_ -

'-- "'- 9 

10 

" '--

~-4r 
5 1-t -

7 ~6 

'-- . 

·S -
~ -

L---

"' O 15 
L--- "" ' 
L--- ~~ 
-
L---

I I I I I I I I 5 . 

10
4 

2 4 6 810
5 2 4 6 810

6 
2 

' 

3 • 

•2 

8 ' 
~ 

~ 
' 13 

()'-
I I I I I I I I 

4 6 8 10
7 

2 4 6 810
8 

D UT / TNO 

0 

T 

ffshore researc~ programme 

joints 

B 0.5 T=0.5 

-
Te~ st -

'--

• 
+ 
0 

N (cy cles) --

D 

168.3 

457.2 

914.4 

Loading R 

Ax 0 

Ax · 0 

Ax 0 

Fig.3.4.40 Compari son of fatigue res ults of different joi nt s i zes based on punching shear -range 

., 

w 
I 

<.D 
1--' 



30 

20 

15 

10 

9 

8 

7 

6 

5 

4 

3 

~ 

Sr (N/mm2) 

-
-

r-

.-

' 

r-
~ 

"- 14 
"L.:::>. .a. 

.-

' r-
I"'--

. -14' I 
20 .. ~ 

.-

' J-
.- I~" 
r- e 15 

' r+--- 35 40 ~ 
.-

.-
' 

r · 

' 13 

e'-
I' - ~6cp/ l 7 J1 '-.,~ 

--
- ~ 

- 34 
+ 

l I J J I I J I I I I I 

1o'' 2 4 6 810
5 

2 4 6 810b 2 4 6 810
7 

2 

Fig.3.4.39 Fatigue res ults ba sed on punching shea r - range (0914.4 mm) 

---.......... 

I~ 39 I' 

' *1 I J [t 

4 6 810
8 

D UT / TNO 
0 

T 

ffshore resea rch programme 

and X- joints 

D 914.4 T=32 

s 0.5 , =0.5 

,----

Te s t Loading R 
,----

0 (T) Ax 0 
e-1 stud (T) Ax 0 

+ ( X) Ax 0 

(X) AX 0 * 1 stub 
_Jt seaw. (T) Ax 0 IW 

I - \.D 
0 

cp = w ith cathodic protection 

N.(cy cles) --



h 
Sr (N/mm2) 

50 u I I I I 

- 28 I 

40 

r- 30 29 
+ 0 

30 . 
-1- 33 --

1--

,- . ,.. 
32· 

~ 

1-- 37 -f: 

20. 
38 .-t-

II" 
31 I 

t-

1--
'-.... 

12 6. "" ._ 
1, 

" ._ 
'-- 9 

5 • lit 

- 6 
" ,,, I 

-

·"'Ziv -
·S 

7 N - . 

10 "' r- I '--....___ 

~11 ' I'--, -

4 10 ~ 8 • JlJj 
-

r- ~ 

"" -
5 I I I I I I I I I I I I 

10
4 

2 4 6 8105 2 4 6 810
6 

2 4 6 810
7 

Fig.3.4.38 Fatigue results based on pun ching shear - range (0457.2 mm) 

. I I I I 

' 

~ 

l"'I 27 

)<. 36 

I I I I iJ I 11 

2 4 6 810
8 

OUT/ TNO 

Offsh 

T- an 

ore research programme 

d X- joints 

0=457 

Test 

• (T) 
., (T) 

6. (T) 

o (X) 

+ (X) 
-f (X) 

X (X) 

2 T=l6 

s 
0.5 

0.5 

0.25 

1 

1 

1 

1 

, 1 Loading I R 

0 .5 Ax r 0 10= 0 
0.5 Ax------ 4=- l 
0.39 Ax -1 
1 Ax - 1 

0.55 Ax 
0.55 Ax 
0.55 Ax 

- 1 

-1 

- 1 

.J' = 
+ = 

eawater 

random loadi ng 

w 
I 

co 
'-0 

X = I ith compress ive chord load 

N(cy cles) 
---



J 

Sr(N/mm 2 ) 
10 

9 

8 

7 

6 

5 

4 

3 

2 

0 

0 

0 

0 

0 

0 

0 

0 

C 

I 

-
f-

-

-

-

~ 

,-

,-

,-

10 

10
4 

1. -
19 

'1~ 
........ 4 . 

l"<(-4' 
I~ , r 
~~ 

I I I I I 

2 4 6 8 10
5 

25 ,.... -24 
I 

26 o 

I+ 22 

' 

!~ I I I 

2 4 6 8 10
6 

3 • 

18 •~ ... 
23 

I 

2 4 

I 

• 2 

I I 
7 

6 8 10 

Fig.3.4.37 Fatigue results based on punching shea r- range (~168.3 mm) 

1 J l 

2 4 

. 

-

-

I I 

8 
6 8 10 

OUT 

Offs 

T- jo 

0=16 

S=O. 

I Te s t 

• 
.. 1 

.. 2 

® 

/ TNO 
hore research pro gramme 

in ts 

8.3 T=6.3 

5 -r=0.5 

Loading 

Ax 
stub Ax 
stubs Ax 

I.P .B 

R 

0 

0 

0 

0 
___J 

N~y cles) 

------

w 
I 

00 
00 



3- 87 

r-----~=-=--=-=--==-=-=- - - - - - - --- -------: 

_Jcracked 
~ lside 

Nl = tis0. ± 15% 

N2 = visible crack 

N3 = crack through 
N4 = end of test 

~ 
~ ___J u~cracked 

' \ \s 1 de 

01--------------+----+--------'"s---------\,----- --

Nl N2 N3 

Fig.3.4.36 Typical rel at ion betwee n stra in range and numb er of 
cycles for T- join ts 

\ 
\ 

N4 N cyc l es 



· SNC F 6 

I. 

2 

0 

- 2 

Line 5 

outside brace 

.n 

/ r 

~6 
I\ ./ 'L 

~-6 A_,;;; J:r 

C' -
_✓• ..... 6 

~ .,,,-~ 
~ X 

75.-
I degrees 

90 

-

Fig. 3.4. 35 Spec i me n 3G SNCF Compari son (measured/FE ) al ong line 5 (outs i de brace ) 

At 90° t he SNCF va l ues ca l culated with the F.E program SATE d~viates considerab l e 

from the meas ured va l ues . Therefore t his area is subj ect ed to a more extensi ve 

inves t igation. The ca l cu l ation with the SATE program are carri ed out with t hin 

shell el ement s in wh ic h t he mean-diameter pl ane of the tube is used. 

Thi s res ul ts in a Sil if Tfl ( s ~ ouis~ ~e) • At the Delft Univers ity of 
OU Sl e 

Tec hnol ogy t he calcu l atio ns are ca r r i ed out , t herefore , with the ICES STRUDL 

thin shell F. E program i n such a way that the s=l and s=0.98 . From these 

cal cul at i ons i t appears t hat a sma ll deviation of S causes a l arge variation in 

180 

strain at 90°. The ~alculation with S=l is pl otted i n t he diagram and agrees very well 

with t he meas urements on t he specimen . (3- 15) 

SPEC IM EN 3G 

s tatic load 520 k N 

~ to 
t 0. 55 

y 11..3 

chorddim. ~ 1.57. 2- 16 

vF1 I.I. . 8 

X test results 
-o--,;.. FE program SAT E 

- b.. - FE prog ram I. S . 



SNCF 8 r 
Lin e I. SPECIM E N 36 

. static load 520 kN 

.6 

outside 
'3 1.0 

1 0.55 

I y 11..3 

L .chorddim. ; 1.57.2- 16 

QI QI 

0 0 .... .... Vr.f I.I.. 85 

:g :g X test results 

2 
QI 

~ 
QI 

~ --0-- FE progam SATE 
◄ 

- " 

0 

- - - \ ·~ 
- - -o.__~ 

I 

r 
~ ., I 

8 ) 90 

degrees 

K 1~0 

. '){ 

-2 . ~ 

Fig. 3. 4 .33 Speci men 36: SNCF Comparison (measured/FE) alo ng l ine 4 (outs ide ) 

SNCF 4 

" I . Lin e 2 

2 ~ 
r-----
~ out side ~ - - -...... - -

2~ ' 
~ '-T " "V 

ul 

0 
~I x\Jrf 

2 3 I. 5 6 7 8 9 

Fig .3.4 .34 Speci men 36 SNCF Compari son (measured/FE) along l ine 2 (outs ide ) 



SNCF. 10 

X Line 5 
1"'I 

8 
r V 

outside chord 

V 
6 

/ 
'l 

I. 
.Iv 

/ 
2 t/ 

/ 
4v 

0 
I 

90 
degrees 

-2 

Fig.3.4.32 Spec imen 35 SNCF Compari son (meas ured/FE ) al ong line 5 (outs ide chord) 

SPECIMEN 35 

static load 100 kN 

~ 0.5 

""C 0.5 

y 11.. 3 

chorddim. ~ 911..1.- 32 

\[r.t 60.48 mm 

X test ntsults 

---0-- FE program SATE 

180 

w 
I 

co 
+:> 



SNC F 81 I i ! I I I I I I I I Line 4 I 
inside 

Gr I n r 1 1 1 1 1 : 1 1 

+ t ! l~f /fr ~ I t~\ I ~i r I 
~ I 

I 

I V I I I I I 'i I · I degrees I 180 a" 1 1 90 I I \ I \. I 

-+ ,\ i i ~ I I I I IU I I 

-,1 I~~ YI I I I -I I \ l I l 
-GI I V I I I I I I ~ I I '1 

I 

Fig.3.4.31 Specimen 35 SNCF Compari son (meas ured/FE} al ong line 4 (ins ide} 

SPECIMEN 35 

static load 100 kN 

~ 0. 5 

t 0. 5 

y 14.3 

chord dim. r/> 914 .4-32 

~ 60.48 mm 
)( test results 

-o- FE program SATE 

-- - FE program ASKA 

w 
I 

(X) 
w 



SNCF 8 
r D< 

~ ,, ,, 
6 

I' I \ ~ 
I I\ I , 

. 

I. 
/ ! \ 

I 
2 I Ii 

J 
"tJ 

~ 
__. 
a, 

I ~ 

0 
.v ! \ 

B.D! I \\ 
,,.3 \ ~ ~ I I ~ 

E, G 

90 

~ -
' / '--~--

I 
/ 

/ 
V 

,/ 

)( 

I 

/I Line I. 

/ I ~, outs ide 

,' i 
I I 

1 I 
' I 

j ~1 I ..., 
I i i I 

I I degrees 

I K,M 
180 

I 

SNCF I. 
Fi g.3.4 .29 Speci men 35 : SNCF Compari son (meas ured/FE ) al ong line 4 (outs ide) 

Line 2 

11 ~, 2 .... I ii I outsi: 
1 -

X\fr[ 
O 2 3 I. 5 6 7 8 9 D 1 

r e _~ A ~n Cnnr i ma n 1~ SNCF Compari so n (meas ured/ FE ) al ong line 2 (outs ide) 

SPECIMEN 35 

static load 100 kN 

~ 0.5 

1 0.? 

y 11.. 3 

chorddim. t/, 911.. 1. - 32 

'-0 60.1.8 mm 

X test results 

-o-- FE. progr-0m •SATE 

---- FE programASKA 
w 

I 
CXl 
N 



SNCF 6 

I. 

· 2 

0 

-2 

SNCF 6 

I. 

2 

0 

Line 5 

_ ___.o out s ide chord 

X ~ ~ . 

~ 
" 

_/ 
,/' 

_ ___.o --
I degrees 

90 

Fig.3.4.28 Spec imen 28 SNCF Compari son (meas ured/FE ) al ong line 5 (outs ide chord) 

2 
.., 
.J I. 5 6 

Line 2 

I 

X\[rf 

7 8 

SPECIMEN 

static load 

~ 
t 

y 
chorddim. 

Vr.t 
X 

--0--
'180 

9 

28 

650kN 

1.0 

1.0 

11..3 

1.57. 2-16 

60.1.8 

test results 
FE program SATE 

w 
I 

co 
I--' 



SNCF 8 
I I 

- ' IX 
l 
I 

I 
Line J. 

6 ' 
! I 

I 
inside 

L__ 
! I 

I. L__ 
21 I ~ ~, .2 

. . -
., .. 1:s 

~ 

~ 1$ 

2 

~ I 
I J, 

l i 
0 ~ 

A,- i 
h... -o-_ 

I 

ro:--..o - /v 
07 90 

IK 

degrees 

" 
81 

-2 ' 

l 
I I I 

Fig.3.4.27 Specimen 28 SNCF Compari son (meas ured/FE) along line 4 (ins ide) 

SNCF I. 

2 

0 
X \frf 

I 

2 3 I. 5 . G 7 8 

-

180 

-

g 

SPECIMEN 28 

static load 650 kN 

~ 1.0 

,: 1.0 

y lL.3 

chorddim. r/J L57.2-16 

~ 60.1.8 mm 

X test results 

--0-- FE program SATE 

w 
I 

OJ 
0 



SNCF 8 
Line L 

I 

6 
21 12 
,:, I 

outside 

11 Ii 
. I. 4 I 

I 

r I 

, ... I 

2 
I>< H . 
I I I 

0 

-
- --o-. I - - ...,.___ I 

I 1, I I 

el \ 90 x l K 

dagrees 

I I 

-2 

I \ IL I 
I 

I I 

Fig.3.4.25 Specimen 28 SNCF Comparison (meas ured/FE ) along line 4 (outs ide) 

SNCF I. 

Line 2 

outside 

2 

"O _, 
a, 

0 
~ 

B 1 2 :3 L 5 6 7 8 

Fig.3.4.26 Speci men 28 SNCF Comparison (meas ured/FE ) along line 2 (ins ide) 

180 

-

9 

SPECIM EN 28 

static load 650 kN 

s 1.0 

t 1.0 

y 11..) 

chorddi m. <f, 1.57. 2- 16 

Vr.t. 60.LB mm 
)( tast results 

--o-- FE program SATE 

w 
I 

--..J 
\.0 



·---+-·--· 

0 914 .4 - 32 
S = 0 . 5 T = 0 .5 

3- 78 

0 457 .2 - 16 
S = 1.0 T = 0.55 

(Fl = - F2 Test 36) 

0 457.2 - 16 
S = 1.0 T = 1.0 
S = l ~O , = 0.55 

Fig .3.4.24 Loading cases for the joints used in the FE calculation 



Ori gin of SNC F- di agram 
det ermin ed from 
strain- measurement s 

U = shi ft of t he origin 

SNCF 

as used in t he FE- ca l cul at ions 
wi t h res pect to t hat used in 
stra in-meas urements 

art = ½g 

3-77 --

0,-...--------i----------~ 
Vrf 

F.E ca l cul at ion 
SNCF 

u 

I __ - -~---~-----------~ 
0 

g 

g=l20 mm 

· Fi g.3.4.23 Locat i on of t he origin in t he SNCF diagram 

for joi nts with S = 1.0 



Origin of SNC F- di agram 
determined from 
strain- mea surements 

R 

U = shift of the origin 
as used in the FE- ca l culations 
with respect to t hat used in 

strain-measurements 

3- 76 

SNCF 

0'---...... ------------11► 

r 

SNCF F.E ca lcul ation 

test results 

o...,. ______________ ► 

I 

I U 

r 

Fig.3.4.22 Location of t he origin in t he SNCF diagram 

for joints with S = 0.5 



3- 75 

/ 
0 

4 

I 

I 
I 

I 
· 1 

Fig.3 .4.21 Indication of t he lines (1,2,3 ,4 and 5) and t he angles (~ and e) I 



2 0 

e 

0 
N 

3- 74 

11 

10 

9 

8 

7 

6 

5 

IL...----.J.------l--------'----'-------- X 

Fig .3.4.-20 Element mesh as used in t he FE- programme ASKA 
for X- joints with S = 0.5 



3-73 

Fig .3. 4. 19 Element mesh as used in the FE- programme SATE 

for X-joints with B = 1.0 
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Fig.3.3.8 • Test set up for the corrosion fatigue test on tubular T- joints 
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Table 3.4. 5 Review of the test re sul ts 

chord specimen load test nominal SHCF ho t-s ::io t nur.ber of cycl.es t o 
diam . nr R rang e frequency strain ex tra• stra in co · 15% cra ck throu i;h end of t est 

nm kN/Nm Hz range pol at ed ran c; e IH ,x. 106 N3 ,X. 106 IM ,x. 106 

10"6 l) 10· 6 
-

l 0 84 10 464 4 .8 2230 0 .0125 0.06 0.063 
2 . 0 28 10 155 4.8 745 10 .0 12 .0 13.0 
3 0 50 10 276 4.8 1325 2.9 3.0 3.3 

18 0 35 10 193 4.5 870 l.2 3.0 , , 3.6 
168.3 19 0 80 10 442 4 .5 1990 0.02 0 .06 0 .074 

22 0 45 10 249 4.3 10 70 0 . 11 0.88 0.95 
23 0 32 10 177 4. 3 760 l. 7 2 .0 2.4 
24 b 0 4000 10 1069 1.2 1285 0.31 0.33 0.37 
25 b 0 4500 10 1203 1.2 1445 0.43 0 .47 0.48 
26 b 0 3150 10 841 1.2 1010 1.53 1.5 l. 7 
4 C - 1 85 0.2 75 5.8 435 1.0 2.2 2.7 
5 0 160 4 141 5.8 818 0 . 35 0 .68 0.82 
6 0 144 4 127 5.8 737 0 . 42 l.O 1.3 
7 0 144 4 127 5.8 737 0 . 44 0 .84 1.1 
8 o· 85 5 75 5.8 435 3.6 7.5 8.5 

,, 9 0 160 4 141 5.8 818 0 .32 0 . 76 1.0 
10 C 0 85 0.2 75 5.8 435 1.0 2.3 2.8 
11 - 1 56 8 125 3.9 488 2.0 9 .0 11.0 

457 .2 12 - 1 110 5 245 3.9 956 0.35 0 . 7 0.91 
27 - 1 600 2 129 3.0 387 3. 1 16.0 19.0 
28 - 1 1300 1.3 279 3.0 837 0.41 0 .66 0.77 
29 - 1 880 2 189 3.0 567 1.1 1.8 2.2 
30 - 1 880 2 338 2. 7 913 - 1.0 1.2 
31 r - 1 "-,, - 200 2) 2. 7 540 2) 3. 2 3) 6.5 3) 8.4 3) 

32 r - 1 ---.., - 254 2
> 2.7 686 2) 1. 7 3) 2.0 3) 4.0 3) 

33 - 1 754 2 290 2.7 783 1.4 2.4 2.9 
36 - 1 520 3 199 2.6 517 2,6 10.0 19.0 
37 - 1 600 3 230 2.7 621 4.5 6.7 8.1 
38 - 1 574 3 220 2.7 594 5.2 7.8 8.5 
13 0 270 2.8 58 6.4 370 1.9 4.1 5.0 
14 0 770 1.5 165 6 .4 1055 0 .05 0.15 0. 17 
15 0 450 2.8 96 6.4 615 0.37 0.95 l.3 
16 cp 0 240 0.2 51 6.4 325 2.4 3.9 4.3 
17 C 0 240 0.2 51 6.4 325 1.2 3. 7 4. 3 

914 .4 20 0 600 2.5 129 6.7 865 0, 15 0 .41 0.68 
21 0 220 4 47 6. 7 315 3.3 8. l 16 .0 
34 0 160 6 34 9,5 323 3.8 12.0 14 .0 
35 0 400 3 86 9.5 817 0. 19 0. 7 0.85 
39 0 150 6 32 9 .8 314 5.5 20 .0 26.0 
40 0 390 3 84 9 .8 823 0.09 0.5 0 . 73 

1) Average fo r each geomet ry 

2) Stra in of a compara bl e consta nt ampli t ude loading wi t h t he same RMS va lue as t he appli ed random l oadin g 
3) Number of pos i tive zero crossi ngs 

b = in pl ane be nding c = seawater test r = random l oadin g cp = seawater test with cathodi c protecti on 



Specimen Joint measured Calculated SCF 
number type and D * T Cl s y T av_er age 

way of (mm) L/R r/R · R/T t/T values 
loading 

* ) .SNCF SCF Kuang Teyl er 

KT Joint Gibst ein 
EPR DNV 

(3.11) (3.9) 

1 - 3 T - a 168.3 * 6.3 10 0. 5 13.4 0 .5 4.8 5.7 6 .. 09 5.88 

18 - 19 T l - a 4.5 5.4 6.09 5.88 
22 - 23 T2- a 4.3 5.1 6.09 5.88 
24 - 26 T - b 1. 2 1.1 1.60 2.09 

- - - - - - - - - - - -~ - - - - - - - -

4 - 10 T - a 457.2 * 16 10 0.5 14. 3 0. 5 5. 8 6.7 6.47 6.25 
11 - 12 T - a 0. 25 0.39 3.9 4. 7 5.45 4.04 

· 27 - 29 X - a 1 1 3.0 3.0 - -
30 - 38 X - a 1 0. 55 2.7 - - -

- - - - - - - - - - - -~ - - - - - - - -

13 - 17 T - a 914.4 * 32 10 0.5 14.3 0. 5 6.4 7.7 6.47 6. 25 
20 - 21 T1- a 6.7 8.0 6 .47 6.25 
34 - 35 X - a 9.5 10 . 9 - -
39 - 40 x1- a 9.8 11. 2 - -

*a = axial load ; b = in plane bending 

Tab l e 3.4.4. Compari son of meas ured SNCF and SCF with SCF cal cul at ed from paramet er formulae 

Word sworth 

Smedley 

Lloyds 

{3.12) 

5.54 

5.54 

5.54 

1.80 
- -

6.66 

3.97 
3.40 

2.18 
- -

6.57 

6.57 

9.59 
9.59 

w 
I 

w 
l.D 
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Table 3.4.2 Various S- values used for design of tubular joints 13.2 1 

Type of joint type of stre_ss corresponding design 
or strain range S-N curve 

simple T, Y or K 
with complete joint nominal stress range in brace AWS - D' 

penetration we l ds 

simple T, Y or K with 
partia l joint penetra-
tion or complex joints nominal stress range in brace AWS - E' 
with over lap, gussets 
or ring stiffeners 

simple K p~nching shear range in chord AWS - K 

si nipl e T and Y punching shear ra nge i n chord AWS - T 

Any connection hot spot stress or strain 
range at we l d toe AWS - X 

Tab l e 3.4.3 Some data of t he calcu l ated X-joi nts 

Specimen D T d t s 1' Ca l cu l ated 
number (nm ) ( rran ) (nm ) (nm ) with program 

24 914.4 32 457.2 16 0.5 0.5 SATE + ASKA 

30 457.2 16 457.2 8.8 1.0 0.55 SATE 

27 457.2 16 457.2 16 1.0 1.0 SATE 
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Table 3.4.1 Comparison of strai n distributions 

test Figure Interesting 

spec imen nL1Tiber parameter Remarks 

1, 5 and 13 3.4.1, 2 and 4 - sca l e In general good corre lation; 
18 and 21 3.4 . 5 and 6 in neighbourhood of weld some 

difference due to no t on sca l e 
weldsizes. 

1 and 18 3.4.1 and 5 - addit ional At side without additional 
13 and 21 3.4.4 and 6 unloaded brace no difference 
35 and 40 3.4.11 and 12 brace 

18 and 23 3.4.5 and 7 - additional At s ide with f irst additional 
second brace no di ffe rence 
unloaded 
brace 

5 and 11 3.4.2 and 3 diameter- and 
wallthi ckness 
ratio 

28 and 30 3.4.9 and 10 wall thickness On line 4 (chord} SNC F 
ratio proport ional with, 
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Tab l e 3.2.6 Hardness meas urement s over two weld cross sections 
a) Cross sect ion A (4-5 o clock position) 

Pos i t ion Hardness Average 
HV 70 

pipe mat . 0 914 181, 190, 131 184 

1-3 
HAZ 0 914 187 , 187 , 187 187 

4-6 
weld materia l 184,181,181,184,181,187,181,179 

7- 17 173,179,187 182 

HAZ 0 457 314, 281, 256 234 

18-20 
pipe mat. 0 457 220, 206, 206 211 

21 - 23 

pipe mat . 0 914 183, 181 182 
24- 25 

HAZ 0 914 203 203 
26 

weld materia l 212, 206 , 200 , 200 205 
27-30 

HAZ 0 457 227, 227, 224 226 
31-33 -

pipe mat. 0 457 200 , 207 204 
34- 35 

b) cross section B (10- 11 o clock position) 

Pos i t ion Hardness Average 
HV 10 

pipe mat. 0 914 193, 190, 184, 184 188 

1-4 
HAZ 0 914 196, 193 195 

5-6 
weld mater i al 186,184,182,190,196,199,206,213,212 196 

7-15 

HAZ 0 457 274 274 

16 
pipe mat. 0 457 202, 209, 199 203 

17-19 

pipe mat. 0 914 193, 196 195 

20- 21 
HAZ 0 914 251 251 

22 
weld mater ial 209 , 224 217 

23-24 
HAZ 0 457 254, 251, 237 247 , 

25- 27 
pipe mat. 0 457 224, 209, 215 216 

28- 30 
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Table 3.2.4 Chemical composition of tube materia l 

Tube si ze C Si Mn s p Al 
D - T % % % % % % (mm) 

88 . 9 - 3.2 0.16 0. 25 1-. 22 0.014 0. 021 0.033 
114 .3 - 6.3 0.18 0. 44 1. 26 0.020 0. 016 
168.3 - 6.3 0.22 0.30 1. 25 0.012 0. 019 

219.1 - 8.2 0.20 0.18 1.15 0.020 0.010 
457.2 - 8.7 0. 14 0.30 1. 29 0.014 0.020 0. 041 
457.2 - 15.9 0.25 0.37 1.14 0.028 0.015 
91-4 . 4 - 31. 7 0.15 0.38 1. 29 0.010 0. 011 0.027 

Table 3.2.5 Charpy V test results on test specimen nr . 41 

Location of average value 

test specimen of three specimens 
(Joule) 

weld 77 

metal 98 

fusion 31 

lin e 80 

heat effected 29 

zone 40 
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Table 3.2. 2b Material standard 

1ube s 12e 

D - T Standard 
(mn) 

88 .9 - 3. 2 DIN 2457/ 1629 St 52 
114. 3 - 6.3 DIN 2448/ 1629 St 52 
168 . 3 - 6. 3 BS 4350 Grade 50 C 
219.1 - 8.2 API - 5LX Grade X 52 
457.2 - _8. 7 API - 5LX Grade X _60 
457.2 - 15.9 API - 5LX Grade X 52 
914.4 - 31.7 API - 5LX Grade X 52 

Table 3.2.3 Mechanica l properti es of · t ube materia l 

t ube size yi eld stress tensi l e 

D - T -· strength el ongation 

(mm) (N/mm2) (N/mm2) % 

88.9 - 3.2 36 0 5Hl 30.6 

114 . 3 - 6.3 420 590 26.1 

168.3 - 6. 3 426 563 30.0 
219 .1 - 8.2 36 0 520 30.0 
457.2 - 8.7 482 580 25.1 
457.2 - 15.9 39·4 603 37 .0 
914 . 4 - 31. 7 366 532 38.0 
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TOP SIDE BOTTOM SIDE 

84♦83 
I I I - I 

B1 B3 B3 

88♦86 
II - II 

B7 

B5 B7 

II t I I 

TEST SPECIMEN 
POSITIO N 34 35 39 40 

Cl 31. 5 31.8 31. 7 

Cl C2 31. 7 31. 7 31.9 
·-I 

0:: 
0 C3 31.6 31.8 31. 7 :c 
u 

C4 31.5 31.5 31.9 

Bl 15. 7 18.3 17.8 
B2 17.7 18.0 18 .4 
B3 17 .5 16. 9 17.1 
B4 18 .2 17.4 16 . 4 

w 
u 
c::( B5 17.3 18 .0 17.1 0:: 
co 

B6 16 .6 17.0 17.0 
B7 18.0 17.6 17.4 
B8 18 .1 17 .7 17.2 

Tab l e 3.2 . 2a Actua l dimensions of the wall th i ck ness of tile tubes 
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TOP SIDE BOTTOM SIDE 

B4♦82 I I 
....... B1' B3 I-< -- L!, I - I CO, 

B3 

♦, B8 B6 
r--- I I - II I-< co 

I-< 

B7 

TEST SPECIMEN 
POSITION 13 14 15 16 17 20 21 

Cl 
Cl 32.0 32.0 31.5 31.9 31. 7 31.8 

0:: 
C2 32.0 31. 7 31.5 31.8 31.8 31.9 0 

:r: 
u 

C3 31.6 31.9 
B1 17.4 16 .6 16 .8 17.0 17.1 16.6 
B2 17.8 17 .0 16.8 16.5 17 .2 16. 9 
B3 16 .8 17.3 16 .9 16 .6 17 .4 17 .9 

w B4 17.6 17.1 16. 7 16. 7 17.0 17.9 u 
c:( 
0:: 
co B5 17.0 

B6 17.1 
B7 

B8 17.2 

Table 3.2.2a Actual dimensions of the wall thickness of t he t ub es 
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TOP SIDE BOTTOM SIDE 

Bl 
Bl B3 

I I B4 B2 

B3 

I - I 

C2 

TEST SPECIMEN 

POSITION 4 5 6 7 8 9 10 11 12 
Cl 16.8 16.6 17.2 16 .0 16.0 16 .0 16. 2 17.8 16.8 

0 
0::: C2 16 :4 16 .0 16 .6 17.2 16 .0 18.0 16 .8 16. 4 16 .0 0 
::c 
u C3 16.8 16. 2 17.7 15.9 17.3 15.8 16 .4 16 .0 18.0 

Bl 7.6 7.7 8.2 8.8 8.1 8.5 7.6 6.6 6.6 
tj B2 7.6 7.6 8.2 9.0 8.5 8.6 7.8 6.4 6.2 
<:( 

~ B3 7.6 7.6 8.0 8.6 8.6 8.1 7.4 6.4 6.4 
B4 7.2 7.2 7.5 8.6 8.4 8.2 8.0 6.4 6.4 

Tab l e 3.2.2a Actual dimensions of the wal l thickness of the tubes 



TOP SIDE 

B1 

Cl 

C2 

C3 

II 

85 

POSITION 27 28 

Cl 16. 4 18.0 

C2 16.2 18.2 
Cl C3 16.4 18 .2 
0::: 
0 

C4 16. 2 18 .4 :::r: 
u 

C5 17.2 18 .2 

C6 16. 4 18 .6 

B1 16 .8 17.2 

B2 17 . 2 ·16 .4 

B3 17.0 16 .8 
B4 17.0 17 . 2 

B5 16. 4 18.2 

Lu 
B6 16 .0 16 . 4 

u 
B7 16. 4 17 .6 c::( 

0::: 
co 

B8 16.0 16 . 0 

B9 16 . 4 17 .0 
B10 15.8 17.4 
B11 17.6 16 ,8 
B12 16.4 18.6 

B3 

B7 
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BOTTOM SI DE 

I 

B11 

C4 

C5 

C6 

B12 

II 

TEST SPECIMEN 

29 30 31 32 

17.8 17 .0 17.2 15.6 
17.8 16. 8 18.4 15.6 

18 .0 16.8 17.4 16.0 
17.2 16 . 2 17 .2 17.4 
16.8 16.4 16 .6 18.0 

17.2 16. 4 17 .0 18.0 

18.0 8.4 8.7 8.4 
17 .6 8.4 9. 2 8.3 

18.8 8.4 8.6 8.4 
18.0 8.4 9.6 8.4 

16. 6 8.4 8.6 8.6 
16.4 8.2 8.8 8.4 
16.8 8.2 8.8 8.4 
18.0 8.4 8.8 8.6 

15.6 8.4 8.8 8.4 
17.2 8.8 8.8 8.6 
16.4 8.4 8.4 8.2 
16. 4 9.0 8."4 8.4 

B1 

B4 

I - · I 

B3 

B6 

II - II 

B7 

33 36 37 38 

18.4 17.2 16 .6 17.0 
18.0 17.2 16.6 17 .4 

18.0 16. 8 16. 8 17 . 2 
16. 0 17.0 17.0 17 .4 

16 .8 16 .8 17 . 2 17 .4 

16 .0 16. 8 17.2 17.2 

8.2 8.4 8.0 8.6 

8.2 8.2 8.4 8.8 
8 .2 8.4 8.4 8.8 

8.4 8.4 8.3 8.8 

8.4 8. 4 8.8 8.6 
8.2 8.4 8.7 8.6 

8.4 8.6 8.7 8.8 
8.6 8.4 8.4 8.6 

8.2 8.8 8.6 8.6 

8.4 8.8 8.6 8.4 

8.4 8.4 8.6 9.2 

8.8 8.4 8.3 8.6 

Tabl e 3.2 . 2a Actual dimensions of the wall th i ck ness of t he t ubes 
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· . JOP SIDE BOTTOM SIDE 

B4♦8\ I I - I 
...... Bl B3 ...... ...... ...... B3 ...... 

m 
a:i 

B8-e:B6 
. II - II 

.-< B7 .-< 
a:i --...... ...... B9 ...... ...... ...... 

B$B10 
I I I - III 

B11 

TEST SPECIMEN 
POSITION 1 2 3 18 19 22 23 24 25 26 

Cl 
Cl 6.2 6.1 6 .1 6 .1 6 . 1 6.1 6.2 6.3 6.2 6.1 

0:: 
0 C2 6.1 6.1 6.1 6.1 6.0 6.1 6.3 6.2 6.2 6.2 :c 
u 

C3 6.1 6.2 6.2 6.0 6.1 6.0 6.0 6.3 6.2 6.2 

Bl 3.1 3.2 3.1 3.1 3.1 3.0 3.2 3.3 3.4 3.3 
B2 3.3 3.1 3.1 3.2 3.2 3.2 2.8 3.0 3.2 3.1 
B3 2.9 3.1 3.2 3.1 3.0 3.1 3.1 3.2 3.2 3.4 
B4 3.1 3.2 3.3 3:1 3.3 3.3 3.0 3.1 3.1 3.0 

B5 3.3 3.2 3.3 3.0 

w B6 3.0 3.0 3.2 3.1 
u 
c:( B7 3.2 3.1 3.2 3.1 0:: 
a:i 

B8 3.1 3.1 3.2 3.1 

B9 4.4 3.2 
B10 3.2 3.1 
B11 3.2 3.2 
B12 3.1 3.1 

Table 3.2.2a Actual dimensions of t he wall thickness of the tubes 
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TABLE 3.2.1 R . ev1ew 0 f te t 5 proqram 
a, D-T 
a. 

(J >,. ..... 
..... T 
C: ·-0 R ·-
T 

T, 

T2 

T 

X 

X 

X1 

168-6.3 457-16 

0-5 1 1 

0-5 1 0,5 

o· -1 -1 

1 

2 

a 
1e· 

1-9 

22 

23 

24 
25 
26 

27 30r 
31r 
32 2-8 33 
37 .zg 38 

3-6 

_ c = seawater tests 

r = random tests 

0-5 

0-5 
I 

0 1-1 
I 

5 I . 
G I 
7 I C 
8 I 4 
9 I 

1QCI 
I 

cp= cat hod ic protect ion 

914-32 

0-25 0-5 

. 0-39 0-8 

-1 0 

13 11 14 
15cp 

12 16c 
17 

2·0 

21 

34 

35 

39 

40 

way of 

load ing 

+ 

~ 
+ 

~ 
+ 

-t 

11 
~ 

~ i·· 
+ .,r 
• + ,..,ry 
+ 
+ 

~ 
•• 
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3.5 General conclusions of the tubular joint tests 

The conclusions of these tests are : 

a) There is a sca le effect: The fatigue life decreases with increasing 
joint size. 

b) Some results of the large specimen s (0 914 mm) fall below the AWS- X 
curve. 

c) The hot spot strain range is a better parameter for fatig ue than the 
punching shear range 

d) Seawater has a detrimental effect on the lifetime . It reduces the 
lifetime by a factor of 2.5- 3. Cathodic prote ct ion had no 
favourable effect on the lifetime of one tested large T- joint . 

e) Finite element calculations give a good prediction of the stra in 
distribution in the tested joint . 

f) The SCF determined v1ith recent publi shed parameter formulas give a 
good correlation with the measured SCF in the tested joints, except 
for X- joints with 8 = 1 and 1 = 0.5. 
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General _discussion _of_the _fatigue _results 

Scale effect 

As mentioned before,the influence of the joint si ze can be seen in fig. 

3.4.40 and 3.4.44. The decreasing fatigue strength with 

increasing joint dimensions are not onlynotice3bletn tubular joints, 

but al so in flat plate specimens 13 ,14 1. With fracture mechanics it can 

be shown that a crack in a thin plate will grow slower than in a thick 

plate. This faster crack growth results in a shorter fatigue life for the 

thicker plate. It seems reasonable to expect a .si milar phenomenon for 

tubular joints. But a fracture mechanics crack growth model for tubular 

joints is not available at the moment. 

Joint _geometrt_and _loading_effect 

In the S-N diagrams based on punchin9 shear, there is a clear geometry and 

a clear loading effect. Compare e.g. the 0 168 T-a and T-b specimens (fig. 

3.4.37); 0 457 T and X specimens (fig. 3.4.38); or the 0 914 T and X spe­

cimens (fig. 3.4.40 ). This difference is understandable, because of t he 

very approxi mate parameter used for the stress range. The calculated pun ­

ching shear stress does not take the comrlete behaviour of the joint 

(stress or strain distribution) into account. 

In t he hot spot strain determination, the joint geometry and the loading 

condition is taken into account. The difference in fatigue strength between 

the small spec imen in bending and the ax ial loaded spec imen disappeared. 

The difference between the large T- and X- joints disappeared also 

and the difference between the medium size ~ and X-joints diminished. 

The remaining difference in the fatigue strength with the X- joints is proba­

probably due to the more complex crack growth pattern in the X- joints. 

Scatter 

Each of the three joint sizes has a different scatter. For the sma ll ones the 
difference between the 95 % and 50 % surviva l line is about a factorof 5. 

For t he medium and l arge ones this is 3.5 and 2 respectively. 
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Random tests 

Two joints are tested •.vith a random loading (nr . 31 and 32 ) The randcxn 
loading v,as achieved in a digital way , using a pseudo random binary 
sequence generator . 
A digital filter technique was used to shape a narrow band power spectrum, 

with a freguency of .3 ± 1/8 Hz. 
The generator and fi lter were implemented as prograrrmes in a computer. 
The s ignal had a Gaussian probabili ty density- function and the 
distribution fun ction of the amplitude was a Rayleigh di stribution . 

The crest factor for these tests was 4.35. 

The random test results are plotted on the strain level of a constant 
amplitude test with the same RMS - value . 
Therefore: s range 

= 2 s (RMSl 
0 . 707 

For t he number of cycles N the number of positive zero crossings has 
been used . 
The results of the tests fit well into into the test results of the con­
stant amplitude test. 

Biaxial test 

Test specimen 36 (X- joint, s = 1.0 and T = 0. 55) wa s tested with both chord 
and brace loaded . The chord loading wa s out of phase with the brace load ing 
Although the crack growth started relatively early, the number of cycles 
to end of test wa s significantly higher than those for other joints of the 

same geometry (see fig. 3 .4.48). 
During the last part of the testing, the crack growth rate diminished . At 

t hat moment a very large crack had already developed in the joint . 
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N1 = 15 % change in strain range 

N2 = first visible crack 
N3 = through crack 
N4 = end of test. 

See also fig . 3.4.36. 

From fig. 3.4.45 to 48, the results are plotted with N1, N3 and N4 on 
the vertical axis. In these figures the ratio's between N1, N3 and N4 
as mentioned in 3. 4.6 .1 are indicated. 

Influence _of _seecial _test _conditions 

Corrosion tests 

Four tests were carried out in artificial seawater (nr . 4, 10, 16 and 17). 

One of them was cathodical ly protected (nr. 16). The seawater conditions 
are mentioned in 3.3.2. The test frequency was o.2 Hz. 
The fatigue life of the medium sized specimens, tested i11 seawater (nr. 

4 and 10) was only 30 % of the life of the same specimens testeJ in air. 
1he fatigue life of the large spec imens tested in seawater was 40 % of 
the life of the same spec imens tested in air. There was no difference in 
fatigue life between the cathodically protected specimen and the 
unprotected one. 

But there was a different in behaviour of the protected specimen compared 

to the unprotected one. This can be illustrated in fig. 3.4.49. In this 
figure the drop in strain range of a specimen tested in air (nr. 13), 

the cathodically protected speci men (nr. 16) and the specimen with free 
corrosion (nr . 17) are given. On the hori zontal axis the ratio of the 
number of cycles to end of test for an air test is given. The free 
corrosion spec imen canpared with the air test gives asim ilar behaviour 

in a shorter time . The cathodically protected specimen gives a. later 

start of the crack growth, but the crack grows faster. So in the end 
there is no difference in lifetime . 
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All results of tests in air fall above the AWS - X curve 
- The seawater tests fall just on the AWS - X-MODIFIED curves. 
- The geometry has an influence. The T- joints with S = 1 = 0. 5 and the 

X- joints with S = 1 = 1 fall in one scatter band and the T- joints vlitb 

S = 0.25 ·and 1 =0.39 and the X- joints with S =land 1 =0.5 fall in 
another , higher ,scatter band. 

Comparing this figure with fig. 3.4.38wecome to the following additional 
conclusions: 
- The 'margin of safety' between test results and design curve is greater 

by the punching shear presentation compared with the hot spot strain 
presentation . 

- Less scatter in all the results in the hot spot strain presentation 
indicates that the hot spot strain range is a better parameter for 
fatigue than the punching shear range . . 

The results from the large sized joints are plotted in fig. 3.4.43. The 
conclusions are: 

One result of the air tests falls below the AWS -X- MODIFIED curve and 
some results fall below the A\✓ S -X curve . 

- The sea1vater tests fall below the AWS -X curve 

- The X- and T- joints fall in one scatter band . 

Comparing this figure with fig. 3.4.39wecome to the following additional 

conclusion: 
- less scatter in all the results in the hot spot strain presentation 

indicates that the hot spot strain range is a better parameter for 
fatigue than the punching shear range . 

The results of the simple T- joints with the same geometry (P, = 0.5 and 
1 = 0.5) but different sizes are given in fig. 3.4.44. This figure again 
shows the size effect as in fig. 3.4.40. Due to a somewhat lower SNCF for 

a smaller joint (see table 3.4.4) the size effect is slightly reduced 
but it is sti ll very significant . 

S- N plots to various failure criteria 

The WG III has decided to di st inguish fo ur differe~t criteria vi z: 
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The results of the large joints are plotted in fig. 3.4.39 Again the 

X- joints are also plotted. 

The conclusions are: 
- Some results of the X- joints fall below the AWS -T curve. 

- The life- time of the seawater tests is 40 % of the life- time of the 

same specimens in air . 
There is no difference in life-time in the cathodic protected specimen 

(nr . 16) and the non protected one (nr . 17). 
- The geometry has an influence. The results of the T- joints fall above 

the results of the X- joints. 

The results of the simple T- joints with a comparable geometry S = 0.5 and 
1 = 0.5 but different sizes are given in fig. 3.4.40. This figure cleariy 
shows the influence of the joint size. The life-t ime decreases with 

increasing joint size, 

S-N plots based on hot spot strain range 

The hot spot strain range is calculated according to 3.4.3. The results 

of the small joints are plotted in fig. 3.4.41. The corresponding AWS -X 

curve is also given in the same figure. The conclusions are: 
- All results fall above the AWS -X curve. 

The specimens loaded with in plane bending fall in the scatter band 
of the axially loaded specimens. 

Comparing this figure with fig. 3.4.37vie come to the follmving additional 

conclusions: 

The 'margin of safety' between test results and design curve is greater 
by the punching shear presentation compared with the hot spot stra in 

presentation. 
- The different location of the bending moment results relative to the 

axially loaded results indicates that the hot spot strain range is 
a better parameter for fatigue than the punching shear range. 

The results of the medium sized joints are plotted in fig. 3.4.42 The 

conc lus ions are : 
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In 3.4.3 and 3.4.7 some general remarks were made abo ut t he possible 
value on t he axis of an S- N curve. In t he next chapte~ we are showing 
S- N curves wi t h punching shear - or ho t spot strai n range on t he vertical 
axis. On t he hori zonta l ax i s, one of t he following fai lure criteria is 
used: 15% chan ge in strai n range, t hro ugh crack or end of test. 
Ta bl e 3.4.5. gives a re vi ew of the test results . 

S- N plots based on punching shear range 

The punching shear range i s ca lculated according to the St ructural 
Welding Code of the Prnerican Welding Soci ety l3.2 I. 
The results of the small joints are ~lotted in fi g. 3. 4.37, The 
corresponding A.W.S .-T curve is also given in the same figure. The 
conclusions from t hi s f i gure are: 
- All results fall above t he AWS-T curve 
- The spec imen s loaded with in plane bending fall above the scatter 

band of the axially loaded speci men s. 

The resul ts of t he medium si zed joints are plotted in f ig . 3.4.38. The 
X- joints are also plotted , although t hey are no t mentioned in t he AWS 
code as joints whi ch can be plotted with punching shear. 
The conclusions form this figure are: 
- All results fall above the AWS-T curve 

The life- t im~ of the t wo seawate r tests is 30 % of t he li fe - time of 
t he same specimen s in air. 

- There is no sig ni f i cant influence of t he R- ratio on t he seawater tests 
(one was tested wi t h R = 0 and the ot her with R = -1) . 
Geometry has an in fluence. The T-·jo in t with Band 1 ratio of 0.5 give 
the lowest res ul ts. The resu l ts of the T- joints with B = 0.25 and 

1 = 0.39 are somewh at higher , while the X-joints give the highest 

results . 
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b) A drop in strain range at the hot spot 
This failure criterion can be used by laboratory specimens which are 

gauged . The use of this in practice i s not so easy . In the WG III 
discussions a 15 % drop in strain range was mentioned . 

c) A specified crack length or depth 
Taking something like this as failure criterion looks reasonable . 
However the difficulty is to decide on the specified dimension . 

d) ~ through crack 
After a through crack the behaviour of the joint changes relatively 
rapid . A through crack occurs in a late stage of the test and is 
unambiguous to determine . Therefore this looks like a reasonable criterion. 

e) A decrease in stiffness 
When its stiffness decreases, a joint in a redundent structure will 
not carry its load.anymore. So the joint is not performing its functiori 

anymore. Therefore this looks like a reasonable criterion . 

f) A total seperation of brace and chord 
Total separation of chord and brace was never reached in the tests. 
This was done for practical reasons, because when a long crack was 
in the joints the displacements increases and therefore the frequency 
has to be slowed down to maintain the load. So it is expected that 

from a large crack to a complete separation takes a lot of time. But 
this criterion does not look reasonable, because long before one 
would say that a joint with such a 1 arge crack has al ready fuil ed bn!J h=>fore. 

We consider our tests are carried out far enough to cover any reasonable 

failure criterion. And the description of the tests is sufficient to 
determine any failure criteria chosen. In the next chapter we will plot 
the results against various failure criteria on the hori zontal axis. 


