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MEASUREMENTS DURING FATIGUE TESTING Spee . 35 - page 3 

FATIGUE TESTING CONDITIONS: in air/.i s;i Gia 11 •a~gr ~ /without protection. 

FA ILUR E 6c - 15 % 
CR ITER ION 

Number 
1.9 -i4- 105 

of cycles 

(1) A complete fa ilu re 

B : actuator d isplacement = ... 

106 6E 
1000 

., ' 

0 

- 500 

0 .2 

n1 = o cycles 

Top 1 

,. 

... 

mm 

Visual crack Through End of the test Static residual 
45 mm crack ( 1 ) strength (kN) 

l.S -i4- 105 7 .0 -i4- 105 8.5 -i4- 105 

C : secondary cracking total length = ... mm 

D 0therreason: Reduction of stiffness 

HOT SPOT STRAIN GAGES EVOLUTION 
or ANY OTHER AVAILABLE 

0.4 0 .6 

CRACK EVOLUTION 

n2 = 0 cycles 

Top 2 

~ ~ 2 
" Scale : number of cycles x mm-1 =50 .Odb 
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OTHER RELEVANT INFORMATIONS I Spee. 35 - page 4 
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OFFSHORE TUBULAR JOINT 
TEST DATA SHEET ECSC Pg. F7 

Type X - joint 

Load ing Axi'al 

Laboratory OUT - Stevinlab . 

Spec imen -nr. 36 

E 
outside wa ll 

>-E 
d iameter thickness 

C: -~ D 457 .2 T 16 
I- "' w (l) 

~.2 d1 457 .2 t1 8.8 
0 ~ ~1 d2 t2 

SKETCH 
geomet ry, dimensions, loads 

boundary condit ions 

Top 1 

2280 

Top 2 

Post weld stress re lief H.T. ~ 
No 

ACTUAL PROPERTIES OF CRACKED MEMBER brace ( i nside ) 

Grade : X 60 STD : AP I - 5 LX 

BASE 
C % Si % Mn% S % P% Al % M ETAL 

0 .14 0 . 30 1.29 0 .014 0 .020 0 .041 

Welding process :MMAW , Cu r rent : AC 
WELDING Filler materials : - ~ - AWS - : E 7016 

Elect rode diameter (m m) : 2. 4 t o 4 

T 
37 

WELD C% Si % Mn% S% 
M ETA L 

DEPOSIT 

TENSILE PROPERTIES Base meta l 

Yield st rength ay (N/m_m2) 482 

Tens il e strength au (N/ mm 2 ) 580 

P% 

WELD IN G PROCEDURE 
Posit ion 5G 

Nr of ru ns 5 

Energy (kj/m) 

preheat. temp. (° C) 65 

postheat. temp. (° C) non e 

POST WELD IN G TREATMENT 

1 leat be8twtliint 1' i9 iF plalii.ia aressin9 

Ni% 

SI.eat !'J88A in~ 9Fin& in9 

weld meta l Other 
properties 
see page 4 
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MEASUREMENTS BEFORE FATIGUE TESTING Spee . 36 - page 2 

Number of cycles before measurements : 40. 000 cyc les 

Fmin (kN ) Fmax (kN ) R5 T (°C) Frequencies (Hz) Extrapol . Hot Spot Strainrange ~ 

- 260 260 - 1 3 517 (see page 4) 

1000 
106 6€ 

" 
., --

brace nr 2 ~ \ 

0 90 I ~I 
~i0 90 

Hot ~7', ,\(_,t,~ 
- <1 

500 

" 

~ LIN E 2 

20 40 60 mm 

106 6€ 
' d : actua l pos it ion of the st rain 

ga ges as mesured fr om t he 
weld toe in mm 

6€ Emax Emin E (6F ) 

o □ ~O* • 
200 TOP 2 Bottom 2 

0 

'' 
" 

- 200 " 
'' 

'' 

' ' 

" 

~ ·· .. : 

~LINE 4 
'' 

20 40 60 mm 

The ca l cula t ion ha s been based on th e average SNC F' s· of th e ident i ca l spec imens 

d 

d 
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MEASUREMENTS DUR NG FATIGUE TESTING Spee. 36 - page 3 

FATIGU E T ESTING CONDITIONS : in air/i F'I 0110 1;11a;t;or -~without protect ion. 

FA ILUR E 6€ - 15 % 
CR ITER ION 

Number 
2 . 6 * 10

6 
of cycl es 

( 1) A comp lete fa ilure 

B : actuator displacement = ... 

1 000 
106 

6E 

500 

100 

LINE 2 

5 

n1 = 0 cycl es 

Top 1 

.,-

Bottom 1 "' 

Visual crack Through End of t he test Static res idual 
~ 30 mm crack ( 1) strength (kN ) 

3.2 * 10
6 

1.0 * 10
7 

1.9 * 10
7 

C : secondary cracking tota l length = .. .. mm 

mm D other reason Reduction of stiffness 

HOT SPOT STRAIN GAGES EVOLUTION 
or ANY OTHER AVAILABLE 

10 15 * 10
6 

cycl es 

CRACK EVOLUT ION 

n2 = 0 cycles 

Top 2 

2 
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OTHER. RELEVANT INFORMATIONS Spee . 36 - page 4 

2.0 

2.2 

2.4 

. Crack initiation 
point 
inside brace 

Fig. 1 straindiatribution of X - joint with 8=1 and T=0.55 

with chord loading out of phase 

300 

1 __ Seecimen_36 __ 

200 ~ 
0 
0 
....-i 

X 

i:::: 1 0 
-0 ,-o 
~-

.µ 

100 
i:::: 

~ 
------~------··-------· ·-

<lJ 
u 
'° 
0.. 
l/) .,... 

-0 

0 __, __ _J Cycles 
·---•--t.-----'---L.-------'----1---·--

2 4 6 8 10 12 14 J F -X- 1 n 6 

Fig. 2 Evolu tion of t he node ' el ongati on per cycl e during t he test 

Exp li:rna L ·i 011 1: s SR pas 2 2 

The HSSR which i s given on pa(lc 2 , has been based on the SNCF ut the 

outs id e: of the brilcc on line 5, as shO\rn in fig. 1. 
CX) ,-.. 
~ 
0 
"'.! 
~ -., 
<>. 
(/) 
<>. 
u 
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OFFSH RE TUBULAR J INT 
TES DA A SHEET 

;;,_ 

ECSC Pg. F7 

Type X - joint 

Load ing Axial 

Laboratory DUT - Stevinlab . 

Spec imen nr . 37 

E 
outside wa ll 

>E diameter t hickness 

a:·= D 457 . 2 T 16 
f- "' LU <1> 

457 .2 8.8 ~~ d1 t , 
0~ 

~1 d2 t2 

SKETCH 
geometry, dimensions, loads 

boundary cond itions 

Top 1 

2280 

Top 2 

Post weltj stress re lief H .T. ~ 
No 

ACTUAL PROPERTIES OF CRACKED MEMBER brace ( i nside ) 

Grade : X 60 STD: API - 5 LX 
BASE 

C % Si % Mn % S % P % Al% M ETAL -
0 . 14 0 . 30 1.29 0 .014 0 .020 0.041 

Welding process :MMAW , Cu r rent : AC 
WELD ING Filler mater ials: --+S&- AWS - , ; !:' 70 16 

Electrode d iameter (mm ) : 2. 5 to 4 

~ / 36 

I 
I 

WELD 
M ETAL 

DEPOSIT 

C% Si % 

TENSILE PROPERTIES 

Yield strength ay (N/mm2) 

Tens il e strength au (N/ mm 2 ) 

36 

Mn% S % 

Base meta l 

482 

580 

P% 

WELD IN G PR OCED URE 
Posit ion 5G 

Nr of runs 5 

Energy (kj/m) 

preheat. temp. (° C) 

postheat. temp. (° C) 

65 

non e 
POST WELD IN G TREATMENT 

I lset tres,~ent t i!I er Jii liiOlflii ~rOlili iR!, 

Ni % 

l!ils!oot JiiOBR iR!I !ijrinilin!, 

weld meta l Other 
properties 
see page 4 
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EASUREMENTS BEFORE FATIGUE TESTING Spee. 37 - page 2 

Number of cycles before measurements : 10 cycles 

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

-300 300 -1 3 624 (see page 4 ) 

1000 106 6€ " '' brace nr 2 ~ \ 

0 go I ~I 
z , 

:t! 'Ji 90 
'f' Hot~ ,~l,t~ 

--...:._ _ <f 

500 

~ LINE 2 d 

20 40 60 mm 

106 6 € 
~ 1 000 : " 

d : actual position of the stra in 
gages as mesured from t he 
weld toe in mm 

6€ Emax Emin € (6F ) 

0 a 

Top 2 

500 : 

" " 
" 

" " : 

" 

'" " 

" 
" 

" 

100 

LIN E 4 d 

20 . 40 60 mm 
* The calculation ha s been based on the average SNCF's of the identical specimens. 
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MEASUREMENTS DURING FATIGUE TESTING Spee. 37 - page 3 

FATIGUE TEST ING CO NDI T IONS : in air.'•~ sg. 111.tn - ~ /wi thout protection. 

FA ILUR E 6€+ 15 % 
CR ITER ION 

Number 
4 . 5 .x. rn6 

. of cycles 

(1) A complete fa ilure 

B actuator di splacement = , .. 

106 6€ 
1 000 ,, 

500 

100 

n1 = 0 cyc les 

., 

.,, 

lO 

Bottom 1 

2 

Visual crack Through End of the test Static res idual 
~ 30 mm crack ( 1) strength (kN) 

4 .3 -X- 106 6 . 7 -X- 10
6 

8.1 -X- 106 

C : secondary crack ing tota l le ngth = . , .. mm 

mm D ; other reason: Reduction of stiffnes s 

HOT SPOT STRAIN GAGES EVOLUT ION 
or ANY OTHER AVAILABLE 

4 6 

CRACK EVOLUT ION 

,. 

" Sca le : number of cycles X mm-1 = 500 .'ooo 0 

-X- 10 
cycles 

n2 = 0 cycles 

Bottom 2 
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0 HER RELEVANT INFORMATIONS 

QI Ii SNCF 
u <l> 
0 u 
L. I 0 

..0 I L. CN 2.0 ..0 - \ Q) 

0 - CN C 

<l> \ 0 a, ::J 
"CJ \ (l) C 

r./) \ -0 _J - I l/l :::, / C 
0 / 
/ 

/ 
/ 

/ 
C") N ,- 0 

_ SNCF /2 
Crac kgrowth -
di rect ion 

Spee. 37 - page 4 

Fig. 1 Strai ndistri bu t ion of X - j oi nts with S=l and T=0 .55 

300 

l __ S~ec ir.ien_37 __ 

200 -~ 
0 
0 
.--< 

X 

.w 
C 

CJ --100 E _ ,-.r-:c-:::.~==-~~ =~-- QJ ______ _ 

u 
(,:) 

.--
c.. 
l/l 

-0 

Cyc l es 

I. 

590 ~; 

0 
0 1 2 

____. __ __,_ __ __, ___ -1 _____ 6 
3 4 5 6 7 8 ~ 10 

Fig . 2 Evolution of t he node elongat ion per cycl e duri ng t he t es t 

Expl unat i on fl SSR page 2 

The II SSR 11 il i eh is g·i ven on puge. 2 , has been based on t l1 e SNCF at the 

outs ide of the brace on l ine 5 , as shown in fig . 1 
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OFFSHORE TUBULAR JOINT 
TES DATA SHEET ECSC Pg.· F7 

Type X - joint 

Loading Axial 

Laboratory OUT - Stevinlab . 

Specimen nr. 38 

E 
outside wa ll 

>- E 
diameter thickness 

0: .!: D 457 .2 T 16 I- VI w (1) 

~~ dl 457 . 2 t1 8.8 
0~ ~1 d2 t2 

SKETCH 
geometry, dimensions, loads 

boundary condit ions 

0 ...... 
("") 
..-I 

Top 1 

Top 2 

Post weld stress relief H.T. ~ 
No 

ACTUAL PROPERTIES OF CRACKED MEMBER brace (inside) 

Grade : X 60 STD : API - 5 LX 
BASE 

C% Si% Mn% S% P% A l % M ETAL 

0 .14 0 .30 1.29 0.014 0.020 0.041 

Welding process : MMAH Current . AC 
WELDING Filler materials: - ~ ..: AWS - .: E 7016 

Electrode d iameter (mm) :? i::; tn 4 

I-
<( 

>- I-< 

I 

I 

a: I-< 

I- I- I-< 

WQ > 

I ~ o...w 
0 U) ...,.. 

w I- vi 
(!) o. c::( 
0 ::I: .. 
<(WO 
W I I-
co I- U) ' 
o · i:l -~ _J 

0. w 
3 

0. 
<tl 

WELD C% Si% Mn% S% 
M ETAL 

DEPOSIT 

TENSILE PROPERTI ES Base meta l 

Y ield strength ay (N/mm2 ) 482 

Tens ile strength au (N/ mml ) 580 

P% 

WELD ING PROCEDURE 

Position 5G 

Nr of runs 5 

Energy (kj / m) -
preheat. temp. (° C) 65 
postheat. temp. (° C) none 

POST WELDING TREATMENT 

I leat treet~BRt 1i ig or ji li6FJili droooi~g 

611eet J!'@@l"l il"I!! !jP il"l@l i l"I!! 

Ni% 

weld meta l Other 
properties 
see page 4 
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EASUREMENTS BEFORE FATIGUE TESTING Spee. 38 - page 2 

Number of cyc les before measurements : 20. 000 cycles 

Fmin (kN) Fmax (kN) Rs T (°C) Frequencies ( Hz) Extrapol. Ho t Spo t Strai nrange x 

- 287 287 - 1 , 3 594 

1000 106 6E ' ' T' . 

brace nr 1 ~ \ 

0 90 I ~I 
Z I 

,ti 1/! 90 ---r-, 
Hot~ ,<:'.1,11~ 

--....:..:_ <1 

500 

~ LINE 2 d 

20 40 60 mm 

106 6E , .. 1 000 , 
d : actua l .position of t he stra in 

gages as mesured from the 
weld toe in mm 

6E Emax Emin E (6F ) 

·-oa 

Top 1 
: -

500 

.. 
.. 

.. .. 

: 

" 
.. 

LINE 4 d .. 

20 40 60 mm 
X 

The calculation has been based on t he average SNCF 1s of the identical speci men s. 
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MEASUREMENTS DURING FATIGUE TESTING Spee. 38 - page 3 

FATIGUE TESTING CONDITIONS : in air.'i !ii eu we1!or ·;1;1i1~ /without protection. 

FA I LURE 6e - 15 % 
CR ITER ION 

Number 
5.2 ~ 106 

of cycles 

( 1) A complete failure 

B : actuator d isp lacement = ... 

1 000 106 6e 

500 

100 
NE 2 

2 

0 cyc les 

Top l ,_ 

110-... 

Bottom f 

Visua l crack Through End of the test Stat ic residual 
~ 30 mm crack ( 1) strength (kN } 

5.0 ~ 106 7. 8 ~ 106 8.5 ~ 106 

mm 

C : secondary cracking tota l length = .... mm 

D : 

HOT SPO STRA IN GAGES EV LUTION 
or '.A.NY OTHER AVAi LA E 

4 6 

CRACK EVOLUTION 

"' 

&a le : number of cycles x mm- 1 = 5"00, COO : 

~ 106 
cycl es 

cycles 

"' 

.. 
"'Bottom 2 
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OTHER RELEVANT INFORMATIONS 

/ 

g Ii 
L. I 
.0 \ -0 

a, 
u 

\ 
\ 

(l) 

u 
0 
L. 
.0 

0 

\ (l) 

VI \ u 
- I V) 
:, / C 

0 / 

/ 
/ 

/ 

C'\I 
a, 
C: 

_J 

"' N .,.. a 
_S NCF /2 

Cree kg rowth <ll 

direction 3 

SNCF 

N 2.Q 
Cl) 
C 

Spee. 38 - page 4 I· 

Fig. 1 Straindistribution of X - joints with S=l and T=0 .55 

300 
I, 

r 479 ·;, 

__ Sgec imen_38 __ 

200 ~ 0 0 
.--< 

X 

=10 "CJ "CJ 

+-' 
C 
QJ 

100 E 
QJ 
u 
/0 

0. 
(/1 ..... 

"CJ 

O ., __ ___._ __ ___,,_ __ ~Cy<_.c_l_e_s _,_____-'.__ _ ____._ __ _,_____._ __ _ 
3 4 5 6 7 8 ~ 106 

0 r 2 

Fig. 2 Evolution of the node elongation per cycle during t he test 

Explancltion I-ISSH pc1ge 2 

Th e HSSR v1hi eh i s gi ven on paS)e 2 , has been based on t he St-iCF at the 
outside of the brace on line 5 , as shown in fig. 1 . 
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OFFSHORE TUBULAR JOINT 
TEST DATA S EET ECSC Pg. F7 

Type X - joint 

Loading Axial 

Laboratory TNO - IBBC 

Spec imen nr. 39 

E 
outside 

>- E 
diameter 

a: .=: D 914 . 4 T 
I- "' w Q.) 

::E ~ d1 45 7 .2 t1 
0~ ~1 d2 457 . 2 t2 

wall 
t hickness 

32 

16 

16 

SKETCH 

L3=900 

geometry, dimensions, loads 
boundary cond it ions 

0 ...... 
M ...... 

'---· ---+-+-tp--+--·. 4570 

Post weld stress re lief H.T. ~ 
No 

ACTUAL PROPERTIES OF CRACKED MEMBER 

Grade : X 52 STD: AP I - 5LX 

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

0 .15 0 .38 1.29 0 .010 0 .011 0 .027 

Welding process : MMAW ' Current AC 
WELDING Filler materia ls: -~- AWS - ........ E 7016 

Electrode d iameter (mm ) : 2.5 - 4 

WELDING PROCEDURE 
I- --- Posit ion 5G 
<l: 
>- ..... 
a: ..... Nr of runs 6 
I- I-~ 

~~w Energy (kj/m) 
0 (/) ::e::: 
w 1-V') :1: preheat. temp. (° C) 100 (!J O <( 

0 I .. I N 
postheat . temp. (° C) <l:WO none w I I- I co I- (/) 

0 1l I - . · POST WELD ING TREATMENT 
...J Q. _J2l-w 1 le!!t tPes1!Pfl@l"lt ti!j BF '3 l88Ffl8 8F888iR!il 3: Cl. 

CU 

~~@Bt '388RiR!j !ijFil"IEliR!j 

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

DEPOSIT 

., 

TENSILE PROPERTIES 

Yield strength ay (N/mm2 ) 

Tens ile strength au (N/mm~ ) 

Base metal 

366 

532 

weld metal Other 
properties 
see page 4 
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MEASUREMENTS BEFORE FATIGUE TESTING 

Number of cyc les before measurements : 10 cycles 

Spee. 39 - page 2 

Fm in( kN ) F max(kN) Rs T (°C) Frequencies (Hz) Extrapol . Ho t Spot Stra:i nrange * 
0 150 0 6 314 

1000 106 6e 
brace nr .... ~ \ 

8 90 / :I 
z , ~11: 90 

Hot ~ I , ,\(,t,~ 
' </ 

500 

.~ LIN E 2 d 

20 40 60 mm 

106 6e 
' . 1 000 : 

d : actual position of the stra in 
gages as mesured from t he 
we ld toe in mm 

6e emax emin e (6F ) 

0 b,. ◊ 1 O'vl:;1- 2 To .... 1 -~)f.. 2 Bo 

500 : 

" 

" " 
,. : 

" 
" 

" 

" " "' 

~ " 

LINE 4 
, . ,, 

d 

20 40 60 mm 

* The calc ul ation has been based on t he average SNCF 's of the identica l speci mens 

p 

ttc 
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MEASUREMENTS D RING FATIGUE TESTING Spee. 39 - page 3 

FATIGU E TEST IN G CONDI T ION S : in air/i1-1 &oil v•a~ir -~without protection. 

FA ILUR E 6.e - 15 % 
CRITERION 

Number 
5. 5 -X- 106 

of cycles 

(1) A complete fai lure 

B : actuator displacement = ... mm 

400 . 106 6.e 

0 

E 4 
- 100 

10 

n1 = O cycles 

Top 1 

Bottom 1 "' 

Visual crack Through End of t he test Stat ic residual 
~ 30 mm crack ( 1 ) strength (kN) 

3.0 -X- 106 2. 0 -X- 107 2. 6 -X- 10 7 

C : secondary cracking tota l length = ... mm 

D 0therreason:Reduction of stiffness 

HOT SPOT STRAIN GAGES EVOLUTION 
or ANY OTHER AVAILABL E 

20 

CRACK EVOLUTION 

-X- 106 
cycles 

n2 = 0 cycles 
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OTHER RELEVANT INFORMATIONS _,,, I Spee. 39 - page 4 
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OFFSHORE TUBULAR JOINT 
TEST DATA S EET ECSC Pg. F7 

Type X - joint 

Load ing Axial 

Laboratory TNO - IBBC 

Spec imen nr. 40 

E 
outs ide 

>- E 
d iameter 

a:.!: D 914.4 T . 
.... V, 

LU a.> 
~~ d1 457 .2 t1 ~1 d2 457 .2 t2 

wa ll 
th ickness 

32 

16 

16 

SKETCH 

L3=900 

geometry, dimensions, loads 
boundary cond it ions 

Post weld stress relief H.T. ~ 
No 

.1 

ACTUAL PROPERTIES OF CRACKED MEMBER 

Grade : X 52 STD: AP I - 5LX 
BASE 

C% Si% Mn% S % P % Al% M ETAL 

0 .15 0 .38 1.29 0 .010 0 .011 0 .027 

Welding process: MMAW ' Cu r rent . AC 
WELDING Filler materials: -~- AWS - ....... . 

Electrode diameter (mm) : 2.5 - 4 
.. 

.... -
<( 

>- ...... 
cc ...... ' .... .... ...... 
w o > I 
~ c..w I 0 C/) ::E: 
ll.J 1-Vl I 
(.9 0 c:( I N ,-..... l.!'l 
o I .. I N 0 

<( W 0 M 

ll.J :c l- I co .... C/) 
I 

0 ~ ~ 
1-

....J 
ll.J c.. 

74 ~ 3: 
c.. 
ro 

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

DEPOSIT 

TE NSILE PROPERTI ES Base meta l 

Yi eld strength ay (N/mm2
) 366 

Tensil e strength au (N/ mm 2 ) 532 

E 7016 

WELD IN G PROCED URE 
Posit ion 5G 

Nr of runs 6 

Energy (kj/m) 

preheat. temp. (° C) 100 

postheat . temp. (° C) none 

POST WELD IN G TREATMENT 

~l eot :tnotr;;i;ient t i!! er f3 1eor;;i;ie 8rooo in!j 

e~88t f3BBR iR~ ~~ il'l!!i il"I!! 

Ni % 

weld meta l Other 
properties 
see pi:Jge 4 



5- 180 

EASUREMENTS BEFORE FATIGUE TESTING Spee. 40 - page 2 

Number of cyc les before measurements : 1140 cyc les 

Fmin (kN ) Fmax (kN) Rs T (°C) Frequencies (Hz) Extrapol. Ho t Spot Stainrange * 
0 390 0 3 823 

106 6€ ·, 
· brace nr .... ~ \ 

0 90 I ~I 
~i '.C 90 

Hot ~I' ,<:;IV~ 
-.....:... , <1 

' LIN E 2 d 

1000 

500 

" 

106 6€ ,· ·, 

'' 

., 

" : ,. 

,. 

" 

LINE 4 

20 40 · 

* 

d : actua l position of the strain 
gages as mesured from the 
weld toe in mm 

6€ Emax Emin c (6F ) 

1 O □ A 2 

1 .... 2 

60 

"v ◊ 11-.... )f. 

.T 

-B 

op 

ottc 

d 

mm 

The ca lculation has been based on the average SNCF's of the identical J peci mens 
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MEASUREMENTS DURING FATIGUE TESTING Spee. 40 - page 3 

FATIGUE TESTING CONDITIONS : in air/ir-t soil Wi11ilir - ~wit hout protect ion. 

FA ILURE 6e - 15 % 
CR ITER ION 

Number 
0.9·* 105 

of cycles 

(1) A complete fa il ure 

B actuator disp lacement = .•• mm 

1000 

0 

LI NE 4 
- 500 

0 .1 0 .2 

n1 = 0 cycles 

Top 1 

., 

Bottom 1 ,. 

Visual crack Through End of t he test Static residual 
42 mm crack (1) . strength (kN) 

1.0 * 10
5 

5 .0 * 10
5 

7 .3 *10
5 

C : seconda ry cracking tota l length= •••. mm 

D : 0ther reason: Reduction of stiffness 

HOT SPOT STRAIN GAGES EVOLUTION 
or ANY OTHER AVAILABLE 

0 .4 0 .6 ~ 106 

c_ycl es 

CRACK EV OLUT ION 

n2 = 0 cycl es 

Top 2 

Bottom 2 

Sca le : number of cyc les x mm·1 = 2-5 .000 ° 
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OTHER RELEVANT INFORMATIONS I Spee . 40 - page 4 
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Appendix 3- III 

crack growth diagrams 
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crack left side of centerline B 

location increase length crack increase total 

of of tip to of number of 

crack tip crack length centerline cycles cyc les 

(mm) (mm) 
1----... 

1 54 51< 

3 25 79 63000 6 3000 

TEST SPECIMEN 1 

load range O - 84 kN 

frequenc y 10 Hz 

N ~- 63000 cycles 

1, .. ,., brace 

A ~ 63000 cycle e 

----It 

crack right side of centerline B 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

2 51 51 
i. 21< 75 

increase 

of 

cycles 

63000 

total 

number of 

cycles 

63000 

CJ1 
J ,_. 

CXJ 
<..T1 



crack le·ft side of centerline B 

location increase length crack increase total 

of of tip to of number of 

crack tip crack length ccnterl'ine cycles cycles 

(mm) (mm) * 10
3 * 10

3 

1 14 14 12500 12500 

3 12 26 125 12625 

5 15 41 275 12900 

in 

TEST SPECIMEN 2 

load range O - · 28 kN 

frequency 10 Hz 

N = 12.970.000 cyc les 

~-.~Y· 

A~ 12.500.000 

B= 12 . 625 . 000 

C = 12. 900 . 000 

crack right side of cen terline B 

l ocation increase length crack 

of of tip to 

crack tip crack length centerlinc 

(mm) (mm) 

2 56 56 

4 15 71 

6 36 107 

increase total 

of number of 

cycles cycles 

* 10
3 * 10

3 

I I::: I 12500 12500 :,):) 
(l'I 

125 12625 

275 12900 



crack left side of cen tc rlinc B 

lo c atio n increase lenl::th crack increase total 

of of tip to of number of 

crack tip crack length ccnterlinc cycles c y c les 

(mm) (mm) * 10
3 * 10

3 
11 

1 32 32 2580 2580 

3 5 37 200 2780 

5 5 42 100 2880 

7 14 56 400 3280 

9 50 82 

11 12 91, 15 3295 S-, 
7 

TEST S PECIMEN 3 

load range O - ·50 kN 

frequency 10 Hz 

N = 3. 296 . 000 
I 

I Loaded brace I --1~1-+I +-I 

A= 2.580.000 

B• 2. 780 . 000 

C = 2 . 880 , 000 

D= 3 •. 280 . 000 

E: 3 . 295 . 000 

J-
1110 

crack right side of centerline 8 

location increase length crack 

of of tip to 

crack tip crack length ccnterline 

(mm) (mm) 

2 3 3 

4 20 23 

6 5 28 

8 40 68 

10 40 108 

12 30 98 

increase 

of 

cycles 

* 10
3 

2580 

200 

100 

400 

15 

total 

number of 

cycles 

lE- 10 3 

2580 

2780 

2880 

3280 

3295 

3295 

(n 

I 
....... 
co 
-...J 



crack left side or centerline D 

location increase length crack increase total 

or of tip to ot number of 
9 

crack tip crack length centerline cycl ea c ycl ea 

( JIUD) {mm) 

1 40 40 1298724 1298721< 

3 8 48 H6276 171< 5000 

5 20 68 345704 2090704 

I 7 20 88 380502 2471206 

9 56 144 238450 2709656 

crack left aide or centerline B 

1 51 51 1298724 1298724 

3 13 64 446276 17 45000 

5 18 82 345704 2090701< . ., 
7 17 99 380502 2471206 11 

9 104 104 380502 2471206 

11 10 109 238450 2709656 

13 12 116 238450 2709656 
·-

TEST SPECJUEN 4 
lottd range - 425 / ,25 ·~N 

frequentie 0,2 Uz 

environment ; SEA WATER 

N • 27096 56 cyc les 

./ /,, /.,,- 1 ~ .........._,__ ' ' '-' 

s~ 

Loaded brace 

I ~ 

A. 1298724 

a. 174 5000 

O • 2090704 

o. 21<71206 

E • 27096 56 

I 

I 1111 II 

I 

crack right aide of centerline D 

locntion increase 1 ength crack 

of o! tip to 

crack tip crack length centerline 

(mm) (mm) 

2 33 33 

4 38 71 

6 34 105 

8 27 132 

10 15 147 

around weld non 

crac k right aide of centerline B 

2 n· 1< 8 

i. 0 88 

6 2 110 

8 7 13 7 

around veld none 

increase total 

of number of 

cycles cyc les 

1298724 1298721< 

1<46276 1745000 u, 
I 

34 5704 2090704 
,_, 
co 

380502 2471206 00 

238450 2709656 

238450 2709656 

1298721< 1298724 

446276 1745000 

345704 2090704 

380502 2471206 

380502 2709656 



crack left aide of centerline D 

location increase length crack increase total 

of of tip to of ·number of 

crack tip crack length centerline cycles cycle a 

( mm ) ( mm 

1-2 

I 
12 ( 2) 7 

1377820 1377820 
5 23 35 50000 427820 1(((// 7 9 44 100000 527820 

crack left aide of centcrline B I I I II I 

1-2 34 ( 2) 5 377820 377820 

5 15 49 50000 427820 

7 34 83 100000 527820 

9 24 107 10000·0 627820 

TEST SPECIMEN 5 

load range O - 160 kN 

frequency 4 Hz 

N • 777820 cyclea 

~Sm, 

A• 377820 cycles 

B • 427820 

C• 527820 

D• 627820 

•• 
,, 

crack right aide of centerline D 

location increase length crack 

of of tip to 

crack tip crack length centerline 

( mm ) ( mm ) 

3-4 34 (3) 5 

6 18 52 

8 13 65 

crack right aide of centerline B 

3-4 23 (3) 15 

6 ·27 50 

8 · 40 90 

10 17 107 

increase 

of 

cycle a 

377820 

50000 

100000 

377820 

500110 

100000 

100000 

total 

number of 

cycles 

377820 

427820 

527820 

377820 

427820 

527820 

627820 

u, 
I ,__. 

OJ 
<..::> 



crack left aide of centerline D 

l ocation increase length crack 

o f of tip to 

crack tip crack length centerline 

( mm ) ( mm ) 

2 36 36 
4 

50 86 
6 

45 131 

in crease total 

of number of 

cycles cyclea 

531000 531000 

215380 746380 

116090 862470 

TEST S PECIMEN 7· 

load range O - 144 kN 

frequency 4 Hz 

N • 1053500 cycles 

TOP 

- -·~ C••••• •:_ace--+-

llOTTOM 

B 

crack right side of centerline D 

lo cation increase 

of of 

crack tip crack length 

(mm) 

1 49 

3 46 

5 21 

A• 531000 cycle s 

B • 746380 1 , 

c- 862470 

1 ength crack 

· tip to 

centerline 

( mm ) 

49 

95 

116 

increase 

of 

cycle s 

531000 

215380 

116090 

total . 

number oC 

cycl ea 

531000 

746380 

862470 

t"l 
I 

>---' 
\.0 
0 



crack left side of centerline D 

location increase length crack 

of of tip to 

crack tip crack length centerline 

( mm ) ( mm ) 
-

I 

9 3 . 2 

11 3 5 

13 9 .8 g .8 

15 3.4 18.2 

17 45.4 63.6 

crack left side of centerline B 

25 93.6 90 

27 10 100 

29 8.8 108.8 

-

increase total 

of number of 

cycles cy c les 

469190 4478790 

443360 4922150 

592680 5514830 

497320 6012150 

507750 6 519900 

507750 6519900 

991650 7511550 

100361<0 8515190 

TEST SPECBIEN 8 

Load range O - 85 kN 

frequency 4 Hz 

N • 851519 cycles 

I .... 

A. 2390000 cyc les F• 4922150 cycles 

e- 30280<'0 .. G• 5514830 

. C• 3491480 
" 

H• 6012150 

O• 4009600 ,, I• 6519900 .. 
E• 4478790 J• 75 11550 .. 

K• 8515190 .. 

crack right side of centerl ine D 

lo c ation increase length crack 

of of tip to 

crack tip cra c k lenglh centerline 

(mm) (mm) 

1- 2 6.4 (2) 17.6 

3-4 17.6 ( i.) 33.2 

5- 6 11 (6) 37.8 

7 - 8 6.2 (8) 42.2 

10 4 .8 46 

12 8 54 

14 22.4 76. 4 

16 3.2 79. 6 

18 18.4 98 

crack right side of centerline B 

19 - 20 7.8 (20) 11.4 

21,22 2.2 (22) 13.6 

23 - 24 3..2 (24) 16.8 

26 20 .6 33.8 

28 8.8 42.G 

30 8.2 50.8 

increaee 

of 

cycles . 

2390000 

638000 

463480 

518120 

469 190 

443360 

592680 

497320 

507750 

4922150 

592680 

498320 

507705 

991650 

1003640 

total 

number of 

cycle s 

2390000 

3028000 

3491 480 

4009600 

44,78790 

4922150 

551483 0 

6012150 

6519900 

4922150 

551483 0 

6012150 

6519900 

7511550 

8515190 

<.n 
I ...., 

ID ...., 



crack left side of centerline D 

locati on increase length crack 

of of tip to 

crack tip crack l ength center line 

(mm) 1mm) 

"1 "1 

3 5 46 

5 33 79 

7 29 75 

9 18 97 

11 11 86 

13 12 109 

15 23 109 

17 72 181 

increase total 

of number of 

cycles cycle• 

1!!46706 121<6706 

4 ')8294 171,5000 

41 2 196 2157L96 

412196 2157196 

190850 2348046 

190850 2348046 

1667_80 2511<826 

166780 2511<81<6 

238430 2753276 

TEST S PECBIEN 10 

load range O - 85 kN 

trequentie 0,2 Hz 

environ~ent ; S!,;A WATER 

N • 2753276 cycles 

A• 121<6706 

B • l 71<5000 

c - . 2157196 

o . 231<8046 

E. 2514826 

F. 2753176 

1 

crack right side of ccnterline D 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) {mm) 

2 31< 34 

4 4 38 

6 36 74 

8 12 86 

10 36 122 

12 16 102 

11< 74 176 

crack rigth aide of cen terline B 

1- 2 15 (2) 18 

3- 4 47 (Z.) 50 

increase 

of 

cycles 

1246706 

498 29 1< 

"12196 

190850 

166780 

166780 

238430 

174 5000 

"12196 

total 

number of 

cycl ea 

1246706 

1745000 

2157196 

2348046 

'25 14826 

2514826 

2753176 

1745000 

2157196 

U1 
I ,~ 

(.() 
N 



crack left side of centerline B 

I . 
location increase length crack 

of of tip to 

crack tip crack length centerline 

( mm ) ( mm ) 

1 2 2 

9 3 5 

11 15 20 

13 8 28 

15 9 37 

17 12 49 

19 11 60 

increase total 

of number of 

cyc les cycle• 

1807680 1807680 

2304240 4111920 

1391049 5502969 

878151 6381120 

570480 6951600 

49 7520 7449120 

532320 7981440 

A • 180768.0 cy c les 

B • 2136960 

C • 2522880 

o • 2877840 
<9 

E • 4111920 

F • 5502969 

G• 6381120 ,, 
H • 6951600 

I • 7"49120 .. 
J • 798H40 ., 

,, 
17 

TEST S PF.Cl)(EN 11 

load range - 28 / + 28 kN 

frequen c y 3 llz 

N • 10566960 cycles 

D 

TOP 

Loaded brace 

s ~ I ~ 

crack right side of centerline B 

location increase length crack increase 

of o f tip to of 

crack tip crack length centerline cycles 

( mm ) ( mm ) 

2 3 3 1807680 

4 1 " 329280 

6 1.8 5.8 385920 

8 1.8 7.6 354 960 

10 5.• 13 234080 

12 9.5 22.5 1391049 

lit 5.5 28 878151 

16 0 28 570480 

18 36 64 497520 

20 12 76 532320 

To observe the crack- grovth at the top side 

vas not possible 
' 

because the crack was covered 

by the present gauges 

total 

•number of 

cycles 

1807680 

2136960 

2522880 

2877840 

i.111920 

5502960 

6381120 

6951600 

7449120 

7981440 

(Jl 

I 

~ 
w 



crack left aide o f centerline D 

lo cation increase length crack 

or of tip to 

crack tip crack length centerline 

( mm ) ( mm 

1 

5-3 1.7 (5) 5.6 
9,.7 23.9 (9) 52.3 

13- 11 20.2 (13) 53.3 
15 2 3 

17 3.2 55.5 

19 10.5 66 

21 11 77 

crack left side of centerline B 

22.2 22.2 

increaae total 

or number of 

cycl ea cycles 

373000 

373000 

373000 

43000 416000 

43000 416000 

90600 506600 

60400 566000 

46000 612000 

373000 

TEST SPECIMEN 12 

load range - 28 / + 28 kN• 

frequency 3 Hz 

N • 905720 cycles 

j Loaded brace 

A • 373000 cycl ea 

B • 416000 

c. !i66ooo 

D • -506000 

E • ,566000 

F • 6i2000 ,, 

crack right side of centerline D 

location increase lengtb crack increase total 

of of tip to of number of 

crack tip crack length centerline cycl ea cycles 

10 I 
( mm.) ( mm ) 

I 
2 10.8 10 . 8 373000 

4-6 20.6 (6) 34,8 373000 

2 0 10.8 43000 416000 

8- 10 5.6 ( 10) 37 43000 416000 

12 4,4 41 50000 466000 

14 2 43 40600 506600 

I 
\\\\\I 18 9 52 60400 566000 1~ 16 6 49 60400 566000 \.D 

.i::,, 

14 .6 66.6 46000 612000 

20 I 10 59 46000 612000 

---
crack right side of ccn terline B 

2 5 5 373000 



crack left side of centcrline B 

location increase length crack increase total 

of of tip to of number 

crack tip crack length centerline cycles cycles 

(mm) (mm) * 10
3 * 103 

95 95 2080 2080 

3 24 119 798 2878 

5 8 127 295 31 73 

7 18 J/15 294 31,67 

9 40 167 3467 

11 93 260 528.5 3995.5 

13 27 287 226.8 1,222 . 3 

15 50 337 322.9 4 54 5. 2 

17 12 31•9 279.8 4825 

19 30 367 11825 

21 60 90.3 4915 .3 

23 12 361 4915.3 

25 14 381 4915,3 

27 25 11915. 3 

TEST SPECHIEN · 13 

load rnnge O - 270 kN 

frequency 2 . 8 Hz 

N - 5.046.000 cycles 

I Loaded brnc e 

A. 2.080.000 

B= 2.878.000 

C= 3.1 73. 000 

D• 3.467.000 

E- 3 . 995.500 
F. 4.222. 300 

G= 4,545.200 

H~ 4.825.000 

I= 4 . 915.300 

crack right side of centerline B 

location I increase Jength crack 

of tip to 

tip crack length centerline 

(mm) (mm) 

2 5 5 
1, 59 64 

6 36 100 

8 30 130 

10 82 212 

12 52 264 

14 50 31 11 

16 30 344 

18 20 33 1• 

20 45 

22 25 396 

increase total 

of number of 

cycles cycles 

* 103 * 10
3 

I r-.n 
2080 2080 

798 2878 

295 3173 

294 3467 

528.5 3995.5 

226.8 4222.3 

322.9 4545 . 2 

279.8 4825 

48 25 

90.3 4915.3 

4915.3 



crack left side of centerline B 

location increase length crack 

of of tip to 

crack tip crack length ccntcrline 

(mm) (mm) 

1 90 90 

3 49 139 

~ 92 231 

7 35 266 

9 59 325 

increase total 

of number of 

cycles cycles 

50.000 50,000 

10 .000 60.000 

30.000 90,000 

24.500 115.000 

50.000 165,000 

TEST SPECIMEN 14 

load rang~ 0 - 770 kN 

frequency 1 . 5 Hz 

N = 179,000 cycles 

A= '.i0.000 

B= 60.000 

C= 90.000 

D= 115,000 

E= 165,000 

crack right side of c enterline B 

location increase length cra ck 

of of tip to 

crack tip crnck leng;th ccnterlinc 

(mm) (mm) 

2 60 60 

4 13 73 

6 108 181 

8 28 209 

10 107 316 

increase 

of 

cycles 

50.000 

10.000 

30.000 

24.500 

50.000 

total 

number of 

cycles 

50.000 

60.000 

90.000 

115 . 000 

165.000 

,_, 
'-0 
C) 



crack left side of ccnterline D 

' 
location increase length crack increase total 

of of tip to of number of 

crack tip crack length centerline cycles cycles 

(mm) (mm) 

1 1 1 140.000 140 . 000 

3 145 1'16 1,60.000 6no . ooo 

5 112 258 94 . 000 863.000 

7 15 273 61, .BOO 927.000 

9 12 ~85 52 . 200 980 . 000 

11 60 31•5 20.000 1000 . 000 

crack left side of centerline D 

1 :!5 25 587.000 587 . 000 

3 155 180 67.000 654.000 

5 30 210 273.000 927 .000 

TEST SPECIMEN 15 

load range O - 450 kN 

frequency 2.8 Hz 

N = 1.132 . 000 cycles 

crack right side of centerline D 

location increase length crack 

1 lof of tip to 

............. ,,,,,,,, 
TOP 

I 

l ........ II 

A• 140.000 

B = l180.000 

C = 587.000 

D = 600.000 

E = 651, .000 

F = 863.000 

G • 927 . 800 

H = 980 . 000 

1 . 000.000 

crack tip crack length centerline 

(mm) (mm) 

2 99 99 

4 80 179 

6 55 231, 

8 65 299 

10 35 331• 

crack right side of centerline B 

2-4 25 ( 1, )60 

6 35 60 

8 100 160 

10 1,0 200 

increase total 

of number of 

cycles cycles 

600 . 000 600.000 

263 . 000 863.000 

61, .800 92 7.000 
(.Yl 

52.000 980.000 j ,_. 
20.000 1000.000 <n 

--...i 

1,so.000 480.000 

107.000 587.000 

67.000 654 .ooo 

273.800 927.000 



crack left aide of centerlinc B 

location I increase length crack 

of of • tip to 

crack tip crack length centcrline 

(mm) (mm) 

5 5 

3 

I 

6 11 

5 20 31 

7 80 111 

increase 

of 

cycles 

* 103 

2_500 

750 

250 

50 

total 

number of 

cycles 

* 103 

2500 

3250 

3500 

3550 

TEST SPECIMEN 18 

load range 0 - 35 kN 

frequency _ 10 Hz , 

N c 3 0 600.000 cycles 

A• 2.500.000 

B • 3.250.000 

C • 3 . 500.000 

D • 3.550.000 

crack right side of centerline B 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

2 15 15 

" 35 50 

6 50 100 

8 50 125 

increase 

of 

cycles 

* 10
3 

2500 

750 

250 

50 

total 

number of 

cycles 

l!c 103 

2500 

3250 

3500 

3550 

(Jl ,. 
,_, 
\.0 
co 



crack left side of ccntcrline D 

location increase length crack increase total 

of I of tip to of number of 

crack tip crack length centerline cycles cycl~s 

(mm) (mm) 

( 1-3) 6 (3) 11 60.000 60.000 

crack left side of ccnterline B 

6 6 30.000 30.000 

3 B 14 11.000 41.000 

5 0 14 4.ooo 1,5 . 000 

7 B 22 10.000 55.000 

9 B 30 5.000 60 . 000 i S- I 

11 21j 51, 5.000 65.000 / , 

13 13 67 5.000 70.000 

l '; 35 102 3.500 73.500 

/ 

TEST SPECIMEN 19 

load range . 0 - .lo kN 

frequency 10 Hz 

N = 74.000 

Loaded brace 

A= 30.000 

B = 41.000 

C = 45.000 

D = 55.000 

E = 60 .000 

F = 65.000 

G • 70.000 

H = 73.500 

crack right side of centerlinc D 

location increase 1 ength crack 

of of tip to 

crack tip crack length centerlinc 

(mm) (mm) 

2 6 6 

~ 0 6 

6 10 16 

B 44 60 

1111111111,, 10 B 6B 

r"T6 12 B 76 

14 9 B5 

16 35 120 

increase total 

of number of 

cycles cycles 

30.000 30.000 

11.000 1,,1 .ooo 

4 .·ooo 45.009 

.10 .000 55.000 

5.000 60.000 u, 

5.000 65.000 
• 'I ,_. 

5.000 70.000 
I.O 
I.O 

3.500 73.500 



crack left side of centerline D 

location increase length crack increase total 

of of tip to of number of 

crack tip crack length centerline cycles cycles 

(mm) (mm) 

92 92 250 . 000 250.000 

3 35 127 40.000 290.000 

5 60 187 110.000 400.000 

7 48 235 100.000 500.000 

9 22 257 50.000 550.000 

11 16 273 50.000 600.000 

crack left side of centerline D 

1,2 112 250.000 250.000 

3 :11, 66 40.000 290.000 

5 122 188 110,000 400 . 000 

7 42 230 
9 21 250 100 . 000 I 500.000 

ll 255 500.000 

13 30 281 50.000 550.000 

15 19 300 

17 26 326 50 . 000 600.000 

19 330 600.000 

21 ,,0 3•8 2~.000 625 . 000 

TEST SPECIMEN 20 

load range O - , 600 kN 

frequency 2;5 ttz 

N = 680.000 

TOP 

r· 

A= 250.000 

B • 290.000 

C = 400 . 000 

D = 500.000 

E = 550,000 

F • 600.000 

G = 625.000 

crack right aide of centerline D 

location increase length crack 

of o-f tip to 

crack tip crack length centerline 

(mm) (mm) 

2 143 143 

4 35 178 

6 42 220 

8 35 255 

10 0 255 

12 20 275 

crack right side of centerline D 

2 125 125 

4 0 I 125 

6 50 175 

8 20 195 

10 55 254 

12 215 

14 22 276 

. 16 10 286" 

18 37 323 

20 298 

22 35 358 

24 24 239 

26 15 313 

increase total 

of number of 

cycles cycles 

250.000 250.000 

40.000 290.000 

110.000 400.000 

100.000 500.000 

50.000 550.000 

50.000 600.000 

' ' (.J1 -, 
N 

250.000 250,000 I 18 
40.000 290,000 

110. 000 400.000 

100.000 500.000 

500.000 

50.QOO 550.000 

50.000 600.000 

600.000 

25.000 625.000 

625.000 

625,000 



crack left side of ccntcrlinc D 

location 11ncrense length crack 

0 f Of tip to 

crack tip crack length centcrline 

(mm) (mm) 

4 ,. 
3 2 6 

5 25 31 

7 ,,o 71 

9 6 77 

11 32 109 

13 40 1"9 

Vi 60 209 

17 80 289 

crack left side of centcrline B 

3 6 7 

5 17 24 

7 22 46 

9 30 76 

11 70 1'16 

13 125 271 

increase total 

of number of 

cycl es cycl es 

1t 103 1t 103. 

3.500 3.500 

500 4 .000 

1.500 5 . 500 

1.000 6.500 

2.000 8 . 500 

500 9 . 000 

1 . 223 10 .223 

1.1,42 11. 675 

1.915 13. 590 

5.500 5.500 

1.000 6. 500 

2.000 8 .500 

500 9 . 000 

1.223 10 .223 

1. 41,2 11. 675 

1.915 13.590 

TEST S PECIMEI'{. 21 

load range o· - 220 kN 

frequency 4 Hz 

N = 16.414.800 

___ ,_, .......... 
I 

A. 3.500.000 

B= 4.000 .000 

C= . 5 ,500.000 

D= 6. 500 . 000 

E= 8.500.000 

Fa 9.000.000 

G= 10.223.000 

H a 11 . 675. 000 

I = 13. 590 .00 0 

crack rigth side of centerline 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

2 6 6 

It 10 16 

'1 6 8 24 

8 28 52 

--~ 10 23 75 

12 50 125 

I 14 25 150 

16 70 220 

18 70 290 

crack rigth side of cc nterlinc B 

2 1 1 

It 10 11 

6 '•9 60 

8 85 145 

10 0 llt5 

12 20 165 

lit 70 235 

increas e 

of 

cyc les 

1t 103 

3.500 

500 

1 .500 

1.000 

2 . 000 

500 

1. 233 

1.442 

1.915 

5.500 

1.000 

2.000 

500 

1.223 

1. 41,2 

1.915 

total 

number of 

cycles 

1t 103 

3.500 

It . ODO 

5.500 

6.500 

8.500 

9.000 

10.223 

11.675 

13. 590 

5.500 

6.500 

8.500 

9 . 000 

10. 223 

11.675 

13. 590 

c.n 
'I 
N 
0 ,_. 



crack left side of centerline B 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

12 12 

3 6 18 

5 19 37 

7 18 55 

9 0 55 

11 i,7 

13 0 55 

15 57 

17 5 60 

19 25 85 

inc r ease total 

of number of 

cyc les cyc les 

'2 
150.000 150 . 000 

50.000 200.000 

200.000 400.000 

350.000 7 50.000 

50.000 800,000 

100.000 900 . 000 

900 . 000 

25.000 925 . 000 

TEST SPECIMEN 22 

load range O - 45 kN 

frequen c y 10 Hz 

N - 950.000 cycles 

Loaded brace ----· 

BOTTOM 

A· = 150.000 

B ~ 200,000 

C = 400,000 

D = 75 0.000 

E = 800,000 

F = 900.000 

G = 925.000 

crack right side of centerline B 

location increase length crack increase total 

16 of of tip to of numbc,r of 

crack tip crack length centerline cycles cycles 

(mm) (mm) 

2 8 8 150.000 150.000 

4 7 15 50.000 200.000 

6 10 25 200.000 400.000 

8 8 33 350.000 750.000 

I I~ 10 10 i,3 50 .000 800.000 

12 38 

14 0 43 100.000 900,000 

16 i.6 900.000 

18 8 51 

20 20 71 I 25.000 I 925.000 



crack left side of centerline D 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

I 13 13 

increase total 

of number of 

cycles cycles 

* 10
3 * 10

3 

2.000 2.000 

TEST SPECIMEN 23 

load rangc-0 - · 32 kN 

frequency 10 Hz 

N = 2.400.000 

TOP 

A = 2.000.000 

crack right side of centerline D 

location increase length cra ck 

of of tip to 

crack tip c rack length centerline 

(mm) (mm) 

2 40 40 

t 

increase 

of 

cycles 

* 10
3 

2.000 

total 

number o f 

cycles 

* 10
3 

2.000 

c.n 
I 

N 
0 
w 



crack left side of centcrline C 

location increase length crack 

of of tip to 

crack t ip crack length ccnt.crline 

(mm) (mm) 

1 30 30 

3 6 36 

5 38 74 

increase total 

of number of 

cycles cycles 

333. 1,00 333.400 

6.600 340.000 

25.000 365.000 

TEST S PECIME_N 211 

load. range'.O - ,ooo Nm 

frequen cy 10 Hz 

N = 370.000 cycles 

TOP 

r'" 
A= 250.000 

B = 300.000 

C = 333.400 

D = 31,0.000 

E = 365.000 

crack right side of centerline C 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

2- 4 25 ('t) 37 

. 6- 8 22 ( 8) 49 

10 12 59 

12 0 59 

14 35 94 

increase 

of 

cyclea 

250.000 

50.000 

33.400 

6.600 

25.000 

total 

number of 

cycles 

250.000 

300.000 

333.400 

340.000 

365.000 

Ul 
I 

N 
0 
-I'>-



c r ac k left side of ccnterline C 

location incr ea s e length crack increase total 

of of tip to of number of 

crack t i p c r a ck length ccnterline cycles cycles 

( mm) (mm) 

1 6 6 1,50,000 450.000 

3 50 56 20,700 470.700 

TEST SPECIMEN 25 

1 oad range 0 :- 4 500 Nm 

freque_cy 10 Hz 

N = 480.000 

- 1'••<•< >m_, 

A a 450,000 

B c 470.700 

crack ritht side of centerlinc C 

location increase length crack 

of of ti p to 

crack tip crack length centerlinc 

(mm) (mm ) 

2 40 ,,o 
4 18 58 

incre a se 

of 

cycles 

450.000 

total 

number .o f 

cycl e s 

,, 50.000 

470.700 

(.J1 

I 
N 
iO 
(.J1 



crack l e f t side of centerline C 

l o ca tion increase length crack increase total 

of of tip to of number of 

cra c k tip crack length centcrline cycles cycl es 

(mm) (mm) * 10
3 * 10

3 

1 - 3 8 (3)48 6 25 625 

5- 7 37 ( 7 )63 775 1.400 

9 52 

II 28 73 20 0 1.600 

13 30 103 84 1 . 68!1 

TEST SPECIMEN 26 

load range O - 8 1, 1 · Nm 

frequ ency 10 Hz 

N = 1. 700.0 00 

TOP 

· 1 ,,,,,, om., . I 

A= 625 . 000 

B = 1 0 400 .00 0 

C = 1.600,000 

D = 1 . 684,000 

crack ri~ht side of centerline C 

location increase length cra ck 

of o f tip.to 

c rack t i p c rack length centerline 

(mm) (mm) 

2 20 20 

4 58 78 

increase 

of 

cycles 

* 10
3 

1.600 

84 

total 

number of 

cycles 

* 103 

1.600 

1,684 

U1 
I 

N 
0 
CJ'\ 



5- 207 

TEST SPECIMEN 27 

crack left side of centerline B 

total increase location length crack total crack 

number of of of tip to length 

cycles cycles crack tip centerline [mm] 

* 106 * 106 [mm] 

1 2 1 2 

2 . 3 2.3 1 2 48 23 25 

3.8 1.5 3 4 64 17 47 

4.8 1.0 5 6 74 16 58 

8 . 0 3.2 7 6 108 16 92 

10 . 0 2.0 8 9 118 12 106 

12 . 5 2.5 10 11 132 8 124 

14.0 1.5 12 142 142 

15.8 1.8 14 150 150 

16. 0 0 . 2 

17. 0 1. 0 18 180 180 

19 20 164 176 12 

18 . 7 1.7 25 24 70_ 254 184 

26 185 185 

19.0 0 .3 31 192 192 

29 293 293 

25 30 254 308 546 

crack left s i de of center l i ne D 

19.0 19 .0 1 104 104 

-

, 

crack r ight side of centerline B 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

- · [mm] 

1 2 · l 2 

' 

,--i 

13 1 1 

15 40 40 

16 17 62 88 26 
-

21 204 204 

N 
17 22 88 142 54 

t 
23 238 238 

27 28 148 214 66 

33 292 292 
M 

32 290 290 l 
crack righ t s ide of ce nterline D 

4 190 190 I 
5 2 70 110 40 M 

6 3 136 192 56 

7 3 136 186 50 

Q.) 
0) 

"' . Cl. 

I 

r--.. 
N 

4-' 
Ul 
Q.) 
f-



Bottom 1 

Tes t 27 - page 1 
; ~ ... 1· ~ -.-H 1.t 10 87 5 3 ..........-, 15 

l oadrange -300/300 kN 
B 

frequency 2 Hz 

D = 457. 2 ; - c.n S = 1 I 
N 
0 

T = 1 00 

crackgrowth betwee n 
D 2. 3 * 106;1. 6 * 107 cycl es 

\ 
Bottom 2 

,.: 



T 
Bottom 1 

12. 

Test 27 - page 2 
~ 

~ 1 ~ 1£, 18 
loadrange -300/300 kN 

B 
freq uency 2 Hz 

D = 457.2 

S = 1 -·r! 
T = 1 . 0 

<.O 

lo 
crackgrowth between: 

1.6 * 10
7
/1.87 * 107cycl es 

Bottom 2 



Bottom 1 

31 18 ------· -;-~;--;;-~-:---~.....:~ 16 14 u. 10 a 1 ~-;:,..., -de ., • : , .. J ~ ~ 

B 

I 

lo 

Bottom 2 

:52 

Test 27 - page 3 

loadrange -300/300 kN 
· frequency 2 Hz 

D = 457.2 --------
s = 1 

T = 1 

crackgrowth between : 

1.87 ~ 10 7/1.9 ~ 10 7cycles 

(J7 
I 

N ,__. 
0 



5-2 11 

TEST SPECIMEN 28 

crack left side of centerline D crack right side of centerline D 

total increase location length crack total crack location length crack total crack 

number of of of tip to length of tip to length 

cycles cycles crack tip centerline [mm} crack tip cent er line [mm] 

* 105 * 10
5 [rrnn] [mm} 

1 2 1 2 1 2 1 2 

7.1 7.1 1 4 140 360 220 5 400 400 

2 3 320 470 6 8 230 340 

7 340 340 

! 



Bottom 1 

Tes t 28 - page 1 
l oadrange -650/650 kN 

B frequency 1. 3 l-lz 

D = 457. 2 

f3 = 1 
T = 1 

) 
tJ1 
I 

crack at: N 

lo 
,_. 

7.1 * 105cycl es 
N 

/ / !, 

4 
Bottom 2 

JI B ~----,,;. 
L-,, 



-

crack left side of centerline 

total increase location 

number of of of 

cycles cycles crack tip 

* 106 -X- 106 
1 2 

1. 48 1.48 1 

1.5 0.02 3 

1.6 0.1 5 

1. 7 0 .1 7 
1. 79 0 .09 9 

1.96 0 .17 10 

D 

length 

tip to 

5- 213 
TEST SPECIMEN 29 

Bottom 2 

crack total crack 

length 

cent er line [mm] 

[mm ] 

1 2 

10 7 107 

124 124 

154 154 

184 184 

204 204 

234 234 

crack right side of centerline D 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm) 

1 2 1 2 

2 178 178 

4 203 203 
6 212 212 

8 249 249 

11 279 279 

.. 

. 



· Bottom 1 

Test 29 - page 1 
B l oadrange -440/440 kN 

frequency 2 Hz 
D = 457.2 - --T~ 8 = 1 

+:> 

T = 1 
D 

crackgrowth between : 
6 6 

1.48 * 10 /1.96 * 10 cycl es 

Bottom 2 



5- 215 

TEST SPECIMEN 30 

-

crack left side of centerline B crack right side of centerline B 

total increase location length crack total crack location length crack total crack 

number of of of tip to length of tip to length 

cycles cycles crack tip cent er line [nnn] crack tip centerline [mm] 

* 106 * 106 

[mm] [mm] 

1 2 1 2 1 2 1 2 

1.2 1.2 1 30 30 2 110 110 

crack l eft si de of center l i ne D crack right side of centerline D 

1.2 1.2 1 150 150 2 200 200 

I 



Top 1 

B 

i --
·o 

Top 2 

Test 30 - page 1 

loadrange -440/440 kN 
frequency 2 Hz 

D = 457.2 

f3 = 1 

-r = 0.55 

crack at 

1.2 * 106cycles 

~ ----Z 

t.n 
I 

N ....... 
CJ"\ 



5- 217 
TEST SPECIMEN 31 

Top 1 

crack left side of centerline B 

total increase location length crack total crack 

number of of of tip to length 

cycles cycles crack tip centerline [ rrnn] 

-X- 106 -X- 106 
[mm ] 

1 2 1 2 

3.9 3.9 1 2 48 21 27 

4.2 0 .3 3 4 61 16 45 
4.6 0 .4 5 6 84 14 60 
5.2 0.6 7 110 110 
5.6 0.4 8 133 133" 

5.9 0.3 9 146 146 
6.1 0 .2 10 156 156 
6.6 0.5 11 172 172 
6 .9 0 .3 12 180 180 

7.2 0.3 13 187 187 
8. 0 0.8 15 192 192 
8.3 0.3 16 203 203 
8.5 0.2 17 207 207 

crack right side of centerline B 

location length crack total crack 

of tip to length 

crack tip centerll.ne [mm] 

[mm ] 

1 2 1 2 
-

...-1 

14 17 17 

18. 30 30 

. 

<l) 
0) 

n:l 
0. 

I 

...-1 
(V) 

-+-> 
Vl 
<l) 

I-



5- 218 
TEST SPECIMEN 31 

Top 2 

crack lef t side of centerline B 

total increase location length crack total crack 

number of of of tip to length 

cycles cycles cra ck tip centerline [mm ] 

* 106 * 106 
[mm] 

l 2 1 2 

3.6 3.6 1 27 27 
3.8 0.2 3 31 31 
3.9 0 . 1 5 35 35 
4 .2 0 .3 7 43 · 43 

4.6 0 .4 10 53 53 
5.2 0 .6 

5.6 0 .4 13 68 68 
:5 .9 0 .3 15 76 76 
6 .1 0 .2 

6 .1 

6 .6 0 .5 

6 .6 

6 .9 0 .3 21 83 83 
6.9 

7.2 0.3 24 100 100 
7.2 

8.0 0 .8 27 224 224 
8 .0 

8.3 0.3 30 249 249 
8.3 31 177 177 
8.5 0.2 33 261 261 

crack right side of centerline B 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

2 24 24 

4 39 39 

6 48 48 

8 98 98 

9 140 140 

11 151 151 
12 178 178 
14 190 190 
16 200 200 
17 205 205 
18 230 230 ...... 

19 215 215 · 1 

20 245 245 
22 220 220 
23 260 260 
25 225 225 
26 275 275 
28 238 238 
29 289 289 
32 317 317 

34 339 339 

a, 
Ol 
(Cl 

Cl.. 

I 

...... 
M 

+> 
Vl 
a, 
I-



c r ack left 

total 

numb er of 

cycl es 

-X- 106 

8 . 5 

5- 219 
TEST SPECIMEN 31 

Bottom 2 

side of c en terline D 

incr ease location length crack total crack 

of of tip to leng t h 

cycle s cra c k tip cent erline [mm] 

-X- 106 
[mm ] 

1 2 1 2 

8. 5 1 2 19 165 146 

c r ack r ight side of center line D 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

r 
,-i 

. 

(l) 
O"> 
~ 
c.. 
I 

,-i 

(Y) 

.µ 
Vl 
(l) 

f-



,., if 1111 10 ~ 8 

16 f3 

~f • 77L ~ 

.3~ 3° 17 
T9p 2 

Test 31 - page 1 

loadrange -270/270 kN RMS 

frequency 

D = 457.2 

S = 1 
T :: 0.55 

crackgrowth between: 
6 6 · 

3.6 ~ 10 /8.5 ~ 10 cycles 

18 
1.5' 

.t3 29 

U 16 

----------

3Lt 

"37-. 

u, 
I 

N 
N 
0 



Bottom 1 

B 

D 

Bottom 2 

----------- - - ---- - -~ ... .. ~-----~--.. --.~--·---·· 

Test 31 - page 2. 

l oadrange -270/ 270 kN RMS 

frequency 

D = 457.2 

f3 = 1 

T = 0.55 

crackgrowth at: 

8.5 * 10
6
cycles 

u, 
I 

N 
N ,_. 



. 

5- 222 

TEST SPECI MEN 32 

Top 
-

crack left side of centerline B 

total increase location length crack total crack 

numb er of of of tip to length 

cycles cycles crack tip centerline [mm] 

-t 106 -:X. 106 [mm) 

1 2 1 2 

1.8 1.8 1 2 47 30 17 
1.9 0. 1 3 4 72 17 55 
2.0 0 . 1 5 88 88 
2.4 0 .4 7 109 109 
2.9 0.5 9 150 150 
3.5 0.6 11 163 163 

4 .0 0.5 14 190 190 
4 .2 0.2 16 202 202 
4 .3 0 .1 18 205 205 

crack left side of centerline D 

1.8 1.8 1 60 60 
1.9 0 . 1 3 71 71 
2.0 0 . 1 5 76 76 
2.4 0 .4 7 85 85 
2.9 0 .5 9 91 91 
3.5 0 .6 11 101 101 
4.0 0. 5 13 106 106 

crack righ t side of centerline B 

location length crack total crack 

of tip to leng th 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

6 6 6 

8 17 17 

10 30 30 .-i 

12 69 69 

1°3 110 110 

15 176 176 

17 193 193 

19 203 203 

crack right side of centerline D 

2 40 40 l 4 57 57 

6 78 78 

8 90 90 .-i 

i'o 108 108 

12 128 128 

14 142 142 

a., 
01 
<Cl 
Cl. 

I 

N 
(V') 

+-' 
(/) 
a., 
I-



5- 223 

TEST SPECIMEN 32 

Bottom 2 

crack left side of centerline B 

total increase location length crack total crack 

number.of of of tip to length 

cycles cycles crac k tip centerline [mm] 

[nun ] -

* 10
6 * 10

6 
1 2 1 2 

3.5 3.5 

4 150 

4. 0 0.5 5 182 182 

4.2 0 .2 7 197 197 

4.3 0.1 9 240 240 

' 

-

crack right side of centerline B 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

l 2 1 2 

1 125 0 I 2 3 26 163 137 

N 

6 182 182 

8 192 192 

10 215 215 

~ 

.. 

. 

QJ 
0) 
rt) 
0. 

I 

N 
r0 

.µ 
Vl 
QJ 
I-



f 8 1-4 11 .9 
1b, 

' - I 

Top 1 

B 

G 

D 

Top 2 

------------------~,t--

15" 17 19 

Te st 32 - page 1 

l oadrange -330/ 330 kN RMS 

frequency 

D = 457.2 

S = 1 

T = 0.55 

crackgrowth between: 

1.8 * 10
6
; 4.3 * 106cycles 

------............ _,, ________________ -..._ __ 

(J1 
I 

N 
N 
+'> 



Bottom 1 

IB 

1-
r 

D 

Bottom 2 

_ _,-.- --- ---------......... ,. t----- --··---,.--.---... _ __ .... _______ _ 

Test 32 - page 2 

l oadrange -330/330 kN RMS 

frequency 

D = 457.2 

S = 1 
T = 0.55 

crackgrowth between : 

3.5 * 106/4.3 * 10
6
cycles 

8 -'O 

___ ,.. ___ .,.._..,., ___ . 

(.Jl 
I 

N 
N 
(.Jl 



5- 226 

TEST SPECIMEN 33 
Top 2 

crack left side of centerline D 

total increase location length crack total crack 

number of of of tip to length 

cycles cycles crack tip centerline [mm] 

* 106 -X- 106 [mm] 

1 2 1 2 

1.4 1.4 1 2 41 28 13 
1.8 0.4 3 152 152 
2.1 0.3 5 180 180 
2.1 0 
2.2 0 .1 

2.4 0 .2 11 184 184 
2.6 0.2 14 187 187 
·2. 7 0 .1 16 192 192 

-

crack right side of centerline D 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

I 4 22 22 
6 26 26 ...... 

7 8 23 43 20 
9 10 10 58 41 

12 2 
13 90 90 
15 125 125 N 

17 185 185 

' . 

. 

QJ 
O'l 

"' 0. 

I 

CV) 
CV) 

+-> 
VJ 
QJ 
I-



Top 1 

·B 

1--
r 

7.. 
D 

Top 2 

---------.---+--·-

Test 33 - page 1 

loadrange - 377/377 kN 

frequency 2 Hz 

D = 457.2 

S = 1 
T = 0.55 

crackgrowth between 
1.4 * 106/2.2 * 106 cycles 

- -~-·--- ---- -----.. --... --

u, 
I 

N 
N 
--..J 



Top 1 

·s 

I 

11 

D 

Top 2 

Test 33 - page 2 

loadrange -377/377 kN 

freq uency 2 Hz 

D = 457.2 

S = 1 

-r = 0.55 

crackgrowth between 
2.2 * 106/2.7 * 106 cycles 

(J1 
I 

N 
N 
0) 



H 
n 11 9 

crack left side of centerlinc D 

location increase length crnck increas total 

of o f tip to . of number of 

crack tip- crack l cng:lh centerline cycles cycles 

(mm) (mm) * 10
3 103 

33 33 5.500 5 . 500 

3 1, 11 77 . I . 500 7.000 

5 60 137 1.500 8.500 

7 63 :!00 1.000 9 .500 

9 65 ~65 1.000 10 .500 

II 1,4 30 9 1.000 11. 500 

13 47 356 1.000 12 .50 0 

15 ,,o 396 1.000 13 . 500 

TEST SPECIMEN 34 

load range O - 160 kN 

frequency 6 Hz 

N = 14.000.000 cycles 

Loa_Llect brace 

A= 4 0 000.000 

B = 5.500.000 

C = 7.000.000 

D = 8.500.000 

E = 9. 500.000 

F =10 .500.000 

G = 11. 500 . 000 

II =12.500.000 

I =13. 500,00 0 

10 

' 
f! 

ctuck right side of centerline D 

lo c ation · increase length crack 

of of tip to 

crack tip crack length centcrline 

(mm) (mm) 

2- 4 24 (',)3'• 

6 18 52 

8 35 87 

10 75 162 

12 38 200 

11, 55 255 

16 ,,6 301 

18 37 338 

20 42 380 

increase total 

or number of 

cycles cycles 

* 10
3 * 103 

i. .ooo 4.000 

I I~ 1.500 5.500 

1.500 7.000 

1.500 8.500 

1.000 9.500 

1.000 10.500 

1.000 11.500 

1.000 12.500 

1.000 13.500 



crnck left sirle of centerline D 

location increase length crack increase total 

of of tip to of number of 

crnck tip crock length centerline cycles cycles 

(mm) ( mm) 

1- 3 85 85 200,000 200,000 

5 11 96 50.000 250.000 

7 55 . 151 50.000 300.000 

9 15 166 100.000 400.000 

11 62 228 100.000 500.000 

13 0 2~8 50.000 550.000 

15 25 253 100.000 650 , 000 

17 58 311 100.000 750.000 

crack left side of ce1\terline B 

1- 3 115 (3)65 150 .000 150.000 

5 10 75 50.000 200.000 

7 70 1'15 50.000 250,000 

9 1,0 185 150.000 400.000 

II 16 201 100. 000 500.000 

13 16 217 50.000 550.000 

15 25 2112 100.000 650,000 

TEST SPECIMEN 35 

lqad range O - i.po kN 

frequency 3 Hz 

N ~ 850,000 cycles 

T ..... 

A~ 150.000 

B c 200.000 

C c 250.000 

D c 300.000 

E c 400.000 

F ~ 500.000 

G c 550 .000 

H c 650.000 

I c 750.000 

l~\\\\lij 

I I I I I I I I I I I 

crack right side of centerline D 

lo catio n increase 

• ·""" ""' '""°"'" I'"'"' of of tip to of number of 

crack tip crack length centerline cycles cycles 

(mm) (mm) 

2 25 25 250.000 25 0,000 

4 95 120 50.000 300,000 

6 75 195 100.000 400,000 

8 62 257 100.000 500.000 

10 13 270 50.000 550.000 

I ,~ 12 40 310 100.000 650.000 

11,. 22 332 100.000 750.000 

crack right side of centerline B 

2 90 90 200.000 200.000 

4 20 110 50.000 25 0.000 

6 48 158 150.000 400,000 

8 20 178 100,000 500.000 

10 15 193 50.000 550. 000 

12 35 228 100.000 650 . 000 



crack left side of centcrlinc n 

locntion increase length crack increaseltotal 

of of tip to of number of 

crack tip crack le ngth ccntcrlinc cycles cycles 

(mm) (mm) 

80 80 200.000 200.000 

3 55 135 50.000 250.000 

5 30 165 50.000 300.000 

7 36 201 50.000 350.000 

9 11, 215 50.000 400 . 000 

11 35 250 50 . 000 450.000 

13 0 250 50.000 500.000 

15 25 :!75 100.000 600.000 

17 15 290 150 .000 750.000 

crack left side o f centerlinc 8 

100 100 200.000 200.000 

3 30 130 50.000 250.000 

5 25 155 50.000 300.000 

7 0 155 50.000 350.000 

9 23 178 50.000 400.000 

11 35 213 50.000 450.000 

13 10 223 50.000 500.000 

15 28 ~51 100.000 600.000 

17 0 251 150 . 000 750.000 

TEST SPECIMEN 35 

load range 0, - ,oo 
fr~que ncy 3 Hz 

N - 850.000 cycl~s 

A - 200.000 

B - 250.000 

C - 300.000 

D - 350,000 

E - 1,00.000 

F = 450.000 

G = 500.000 

H = 600.000 

750.000 

crack right side of centcrlinc B 

location increase length crack 

of of tip to 

crack tip crack length c <:!nterl i ne 

(mm') (mm) 

2 60 bO 

4 26 86 

6 30 116 

8 16 132 

10 38 170 

12 35 205 
I 

14 12 217 

16 22 239 

18 0 239 

crack right side of centcrline D 

2 65 65 

4 26 91 

6 65 156 

8 12 168 

10 32 200 

12 15 2 15 

14 10 225 

16 15 240 

18 30 270 

ino-rcase 

of 

cycles 

200.000 

50.00 0 

50.000 

50.000 

50.000 

50 . 000 

50. 000 

100.000 

150.000 

200.000 

50.000 

50.000 

50.000 

50.000 

50.000 

50 .000 

100,000 

150.000 

total 

number of 

cycles 

200.000 

250.000 

300.000 

350.000 

400.000 

450.000 

500.000 

600.000 

750.000 

200.000 

250.000 

300.000 

350.000 

1,00.000 

1150.000 

500.000 

600.000 

750.000 

u, 
I 

N 
w 
I--' 



5- 232 

TEST SPECIMEN 36 

Top 2 

crack left side of centerline D 

total increase location length crack total crack 

number of of of tip to length 

cycles cycles cr ack tip center line [mm] 

-X- 106 ~ 106 (mm] 

1 2 1 2 

3.2 3. 2 1 2 62 32 30 

4 .3 1.1 3 4 95 21 74 

5 .0 0 . 7 5 6 114 18 96 

6 .9 1.9 7 8 171 9 162 

8.0 1.1 9 10 186 6 180 

9 .6 1.6 11 10 198 6 192 

10 . 7 1.1 12 13 206 0 206 

13 .8 3. 1 14 216 216 

16.4 2.6 15 222 222 

18 .6 2.2 16 225 225 

19 . 7 1.1 18 227 227 

20 . 3 0 .6 20 228 228 

21.4 1.1 22 230 230 

. 

-

crack right side of centerline b 

location length cr ack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

17 13 13 

19 15 15 
21 17 17 · 1 

. . 



Top 1 

·B 

, 1011"3 

1~16 V\ ,1" 9 

~ 

143 I/ 
Top 2 

Test 36 - page 1 

loadrange -260/260 kN 

frequency 3Hz 

D = 457.2 

S = 1 
T = 0.55 

crackgrowth between : 

3.2 -X- 106; 2.14 -X- 107cycles 

- --- ' 

u, 
I 

N 
w 
w 
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TEST SPECI MEN 37 

TOP 

crack left side of centerline B crack right side of cent(crline B 

t otal increase location length crack total crack location l engt h crack total crack 

number of of of tip to length of tip to length 

cycles cycles crack tip centerline [mm] crack tip centerline [mm] 

* 106 * 106 

[mm] [mm] 

1 2 1 2 1 2 1 2 

3.9 3.9 1 2 23 10 13 l 4.0 0 .1 3 4 26 8 18 
.-l 

4.2 0 .2 5 6 33 1 32 
4.6 0 .4 7 89 89 8 11 11 

4.9 0 .3 9 113 11~ 10 15 15 

5.3 0 .4 11 117 117 12 18 18 

6 .1 0 .8 13 162 162 14 20 20 

6.7 0.6 15 179 179 16 22 22 N 

.7 . 4 0 . 7 17 195 195 18 31 31 I 8.2 0 .8 19 213 213 20 41 41 

crack l eft side of ce nterline D crack right side of centerline D 

4.2 4.2 - 1 
I 

2 62 127 65 I 4.2 ·3 4 115 148 33 
4.6 0 .4 5 6 43 134 91 ,...., 

4 .6 7 8 106 161 55 
4.9 0 .3 9 10 34 165 131 
5. 3 0 .4 11 12 28 169 141 
6 . 1 0 .8 i3 14 22 198 176 N 

6.7 0 .6 15 16 18 212 194 
7.4 0. 7 17 39 39 18 234 
8.2 0 .8 19 245 245 20 288 

(I) 
0) 

It! 
Cl.. 

I 

r--. 
(V') 

+-' 
V) 

(I) 
f-
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TEST SPECIMEN 37 

Bottom 

crack left side of centerline B 

total increase location l ength crack total crack 

numb er of of of tip to length 

cycles cycles crack tip centerline [mm] 

* 10
6 * 106 1 2 

[mm] 

1 2 

5.3 5. 3 

6 . 1 0 .8 

6.7 0 .6 

7.4 0. 7 
8 .2 0.8 

crack left side of center line D ; 

7.4 7.4 

8.2 0.8 3 4 108 185 77 

8.2 

crack righ t side of centerline B 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

1 2 60 73 13 l 3 4 52 82 30 
5 6 47 93 46 (V) 

7 8 42 103 61 l 9 10 30 175 145 
crack right s ide of ceriterline D 

I ·2 75 190 115 r 
(V) 

5 6 60 195 135 

. 

QJ 
CJ) ,,, 
c. 
I 

r--. 
(V) 

.µ 
(/) 

QJ 

I-



Top 1 

8 

---t-
D 

-f 
5' 

Top 2 

Tes t 37 - page 1 

loadra nge -300/300 kN 

frequency 3 Hz 

D = 457.2 

S = 1 

T = 0.55 

crackgrowth between: 

3.9 * 106; 4.6 * 106cycles 

(J7 
I 

N 
w 
CJ"\ 



Top 1 

1 ~ 11 ~5' 13 

. I 

D 

11 9 
16 i1 

15 

Top 2 

-----•···· ----~~ ,.-. -------~--•-··-·-- ••.•· 

Test 37 - page 2 

loadra nge - 300/300 kN 

freq uency 3 Hz 

D = 457.2 

S = 1 
T = 0.55 

crackgrowth between: 

4.9 -X- 106; 8.2 -X- 106cycl es 

flt 1G 18 

--.. ···- , - --· ,- , ··· ··-· - ·--· •-.. .. 

to 

U1 
I 

N 
w 
---i 



Bottom 1 

.9 

,B 

D 

~ 1 

Bottom 2 

~o 

Test 37 - page 3 

loadra nge -300/300 kN 
frequency 3 Hz 

D = 457.2 

S = 1 

-r = 0.55 

crackgrowth between: 

5.3 * 10
6
; 8.2 * 106cycles 

u, 
I 

N 
w 
(X) 
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TEST SPECIMEN 38 

Top 1 

crack left side of centerline B 

total increase location length crack total crack 

number of of of tip to length 

cycles cycles crack tip cent er line [mm] 

[mm] 

* 106 -X- 106 
1 2 1 2 

5 .3 5.3 1 2 52 40 12 

5.4 0 . 1 5 6 56 36 20 

5.6 0 .2 7 8 86 24 62 

5.8 0 .2 9 96 96 

5.8 

13 142 142, 

6.7 0 .9 14 160 160 

6.7 15 156 156 

7.0 0 . 3 19 184 184 

7. 0 20 174 174 
7.6 0 .6 24 208 208 . 

7.6 25 202 202 
7.6 26 186 186 

7.6 28 14 14 

8 . 1 0 .5 30 216 216 

8.1 31 252 252 
8.1 32 200 200 
8.1 34 66 66 

36 80 80 

8.5 0 .4 37 262 262 
8.5 38 314 314 

8.5 39 208 208 

crack right side of centerline B 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

(mm ] 

1 2 1 2 

3 4 100 122 22 1 
,-j 

10 2 2 
11 12 95 130 35 

16 11 11 

17 18 80 140 60 
21 20 20 
22 23 54 154 100 
27 34 34 N 

29 176 176 

33 46 46 

35 222 222 

40 48 48 

41 240 240 (V) 

42 254 254 
. 

QJ 
0) 

rO 
Cl. 

I 

a:J 
(V) 

+> 
Vl 
QJ 
I-



crack left side of 

total increase 
-number of of 

cycles cycle s 

* 10
6 * 106 

4.8 4.8 

5.0 0 .2 

5 .3 0 .3 

5 . 3 

5.4 0 .1 

5.4 

5.6 0 .2 

5.6 

5.8 0 .2 

6 . 7 0 .9 

6.7 

7. 0 0 . 3 

7.6 0 .6 

7.6 

8. 1 0 .5 

8.1 

8.1 

8 .5 0 .4 

8.5 

centerline I)_ 

location length 

of tip to 

5-240 

TEST SPECI MEN 38 

Top 2 

crack total crack 

length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 

1 16 16 

3 23 23 

5 40 40 

7 8 90 34 56 

9 52 52 

11 8 100 34 66 

12 60 60 

14 8 120 34 86 

15 70 70 
16 132 132 

18 158 158 

19 156 - 156 

21 188 188 
_23 202 202 

25 8 8 

26 214 214 

27 178 178 

28 2 2 

30 226 226 

31 178 178 

crack right side of centerline D 

location length crack total crack 

of tip to length 

crack tip centerline [mm] 

[mm] 

1 2 1 2 -

2 2 2 

4 6 6 

6 16 16 

10 20 20 
,-I 

13 26 26 

17 30 30 

20 40 40 

22 51 51 

24 56 56 
N 

29 72 72 

32 9 9 
M 

33 96 96 

. 

(I) 

en 

'° c_ 

I 

co 
(Y") 

.µ 
Vl 
(I) 

I-



Top 1 

B 

-----

8 

Top 2 

----------- L 

Test 38 - page 1 

l oadra nge -287/ 287 kN 

frequency 3 Hz 

D = 457 .2 

S = 1 

T = 0.55 

crackgrowth between 
6. 6 

4. 8 -X- 10 /5.6 -X- 10 cycl es 

--·-··----

<Jl 
I 

N 
~ 
>--' 



Top 1 

l8 1.1 

B 

- •--- -

t6 U U i8 

· Top 2 

------- 1 __ 

J.5" 

Test 38 - page 2 
loadrange -287/287 kN 

frequency 3 Hz 

D = 457.2 

13 = 1 

T = 0.55 

crackgrowth between 

5.8 * 10
6
;8.l * 106 cycles ' 

--·----------. 

u, 
I 

N 
.i::,. 
N 



.. op 1 
:sa 

.30 

Top 12 

., 

41 

Tes t 38 - page 3 

loadrange - 287/287 kN 

freque ncy 3 Hz 

D = 457.2 

6 = 1 

T = 0.55 

crackgrowth at 

8.5 -X- 106 

(.J1 
I 

N 
+:> 
w 



crack left side of centerline D 

location I increase le ngth crack increase total 

0 f Of tip to of number of 

crack ti p crack length centerline cycles cycles 

(mm) (mm) ti: 103 lt 103 

---

(1 - 3) 15 (3)30 3 .000 3 .000 

5 1,0 55 4 . 000 7,000 

7 65 120 1.500 8.500 

9 35 155 1.000 9 .500 

11 89 21,1.,_ 2.000 11 .500 

13 20 264 2,000 13. 500 

15 5 '.!69 500 14.000 

17 18 287 1,000 15,000 

19 77 364 9.000 2 4.000 

19 

TEST SPECIMEN 39 

load range O - 150 kN 

fr e quency 6 Hz 

N = 26.000.000 cycles 

TOP 

Loaded brace 

Ac 3,000.000 

B= 7.000.00 0 

c= 8.500.000 

D= 9.500.000 

E= 11.500.000 

F = 13.500.000 

G = 14,000.000 

H = 1 5.000,.000 

I = 24 • 000. 000 

crack r ight side of centerline B 

location increase length crack 

of of tip to 

crack tip crack length centerline . 

(mm) (mm) 

2 15 15 

4 49 64 

6 76 140 

8 102 21,2 

10 34 27 6 

12 20 262 

14 25 287 

increase total 

of riumber of 

cycles cycles 

lt 10 3 :If 103 

7.000 7.000 

1.500 8.500 

1.000 9.500 

2.000 11. 500 

2.000 13.500 

I ~i 500 . 14.000 

1. 000 15.000 



crack left side or ccntcrli ric D 

location increase length crack increase total 

of of lip lo of number of 

crack tip crack length ccntcrlinc cycles cycles 

(mm) (mm) 

( L~3) 15 (3)30 275.000 275. 000 

5 '.!0 50 50.000 325 . 000 

7 15 65 25 . 000 350.000 

9 20 85 100.000 ,,50.000 

11 0 85 50.000 500.000 

crack left side of centcrlinc 8 

(1 - 3) 12 (3)60 100.000 100.000 

5 63 75 25.000 125 . 000 

7 45 1~0 100.000 225 . 000 

9 32 152 50.000 275 .000 

11 11 163 50.000 325 . 000 

13 1,7 210 25.0UO 350.000 

15 36 246 100.000 450.000 

17 22 '.!68 50.000 500.000 

---

TEST S PECIMEN 40 

load range 0 - 390 kN 

frequency 3 Hz 

N = 730.000 cycles 

A= 100.000 

B = 125 . 000 

c= 225.000 

D= 275.000 

E = 325.000. 

F = 350.000 

G= 450.000 

H = 500.000 

crack rigl1t side of centerlinc D 

location increase length crack 

of of tip to 

crack tip crack length centerline 

(mm) (mm) 

(2 - 4) 8 (4)28 

crack rigth side of centerline B 

(2- 4) 30 (4)65 

6 65 95 

8 31 126 

10 0 126· 

12 4B 174 

14 45 219 

16 25 244 

18 32 27 6 

increase 

of 

cycl es 

275.000 

100.000 

25.000 

100.000 

50.000 

50.000 

25.000 

100 . 000 

50.000 

lo ta l 

number of 

cycles 

275.000 

100.000 

125 . 000 

225.000 

275.000 

325.000 

350.000 

450.000 

500.000 

U1 
I 

N 
..i::,. 
U1 



crack left side of ccuterline D 

I 

location increase length crack increase 

of of tip to of 

crack tip crack length ccnterline eye l es 

(mm) (mm) 

l 15 15 275 .000 

3 14 29 50.000 

5 55 84 50.000 

7 57 141 75 . 000 

9 0 11, l 25.000 

crack left side of ccntcrline D 

l 5·0 50 100.000 

3 30 80 125 . 000 

5 45 125 50. 000 

7 57 182 50.000 

9 40 222 50.000 

11 61 283 7 5.000 

13 0 283 25.000 

15 38 321 25.000 

total 

number of 

cycles 

27 5 . 000 

32 5,000 

37 5 . 000 

450.000 

'• 7 5 . 000 

100.000 

225 .000 

275. 000 

3 25.000 

375 .000 

4 50.000 

'•75.000 

500 . 000 

TEST S PECIMEN 1,0 

load range O - 390 kN 

frequen c y 3 Hz 

N = 7 30.000 cyc les 

A = 100 . 000 

e = 225. 000 

C = 275 .000 

D = 3 25 ,000 

c = 375 .000 

ISc '1 50.000 

G= '1 75. 000 

H = 500,000 

crack right side of centerline D 

location increase I ength crack 

of of tip to 

crack tip crack length centerlinc 

(mm) (mm) 

2 20 20 

(4 - 6) 45 (6)150 

crack right side of centerline B 

2 45 '•5 ,. 10 55 

6 55 110 

8 30 140 

10 25 165 

12 58 223 

14 20 243 

16 1'• 25 1• 

increase 

of 

cycles 

275.000 

200.000 

100.000 

125.000 

50.000 

50.000 

50.000 

75.000 

25.000 

25.000 

totai 

number of 

cycles 

275.000 

475.000 

100.000 

225.000 

275.000 

325.000 

375.000 

450.000 

475.000 

500 . 000 

(..); 

I 
N 
+:> 
en 
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Appendix 3-IV 

Mode of failures 
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