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MEASUREMENTS DURING FATIGUE TESTING [ Spec. 3 - page 3

FATIGUE TESTING CONDITIONS :in air/a-sea=mator —ssh/without protection.
FAILURE Ae — 15% Visual crack Through End of the test | Static residual
CRITERION 45 mm crack (1) strength (kN)
Number 5 . 5 ; 5 5
of cycles 1.9 % 10 1.5 % 10 7.0 % 10 8.5 % 10
(1) A :  complete failure C : secondary cracking total length = ... mm
B : actuator displacement = ... mm D : otherreason : REdUCtl‘OI"I 0.[: stiffness
10° Ae -
1000 : HOT SPOT STRAIN GAGES EVOLUTION
\ : i or ANY OTHER AVAILABLE
0 i
=500 i
= LINE 4
0.2 0.4 0.6 % 10°
CRACK EVOLUTION
n,= (g cycles \ | n, = 0 cycles

RILARNRREARARGY » | i ] Sl 1! .
LTI L= il
[T ] | - TVANN /7
. ‘*L%M,’\ WU :':};'”ll 7
N~ S
= 7/ f\.\ ) -
N \,‘;f///“ /\ ) w0’ b \ ‘\\\\» ’////%;/,//7\&0
= y “ =" 4N
'\ .
) I L Bottom 2

Scale : number of cycles x mm™ =20 .000 @
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OTHER RELEVANT INFORMATIONS

Spec. 35 - page 4

CPS Parls.2.80.K78
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OFFSHORE TUBULAR JOINT :
TEST DATA SHEET - ECSC Pg. F7

Type X - doint geometry, dimensions, loads
P J SKETCH boundary conditions
Loading Axial !
Laboratory DUT - Stevinlab. Top 1
Specimennr.| 36 A T
o
—
e outside wall \
e = diameter thickness 2280
oc £
E § D 457.2 T 16 g A—I.
5|9 457.2 t 8.8 e — — g 2
t‘;% d, ty \ |
Post weld stress relief H.T. NI o“

ACTUAL PROPERTIES OF CRACKED MEMBER brace (inside)

Grade : X 60 STD :API - 5 LX
MBérst C% Si % Mn % S% P % Al %
0.14 |0.30 |1.29 |[0.014 |0.020 |0.041
Welding process :MMAW , Current : AC
WELDING | Filler materials : — ¥66-— AWS — : E 7016
Electrode diameter (mm) : 2 .4 to 4
WELDING PROCEDURE
|_ .
> l-( Position | 5G
= ol ' N Nr of runs 5
o
%‘ Q : ’ f‘v”m_i Energy (kj/m) -
oWV =
G52 | preheat. temp. (° C) 65
I .
L% % E postheat. temp. (° C) | none
Al % ,- POST WELDING TREATMENT
= 5 . .
= & Sbomi-troatmopdt——=tig-orplasmadioceing
- . i
WELD C% Si % Mn % S% P % Ni %
METAL
DEPOSIT
TENSILE PROPERTIES Base metal weld metal Other
Yield strength o,, (N/mm?) 482 properties
Tensile strength o, (N/mm?) 580 See page 4
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MEASUREMENTS BEFORE FATIGUE TESTING Spec. 36 - page 2

Number of cycles before measurements : 40,000 cycles

FrintkN) | Frax(kN) | Rg | T(°C) | Frequencies (Hz) |Extrapol. Hot Spot Strainrange *

-260 260 -1 3 517 (see page 4)
110% Ae I
Ao brace nr 2 \
_ o~
6 =90 i
=
N3 =90
¢,
Hot spot / 4{€q
500
100
FLINE 2 : d
20 40 60 mm
4108 Ae » ' . ) . o
7 e d : actual position of the strain
gages as mesured from the
_ weld toe in. mm
AE 2 €nay — ¥min = ¢ (AF)
onADY |e
200 TOP 2 Bottom 2
0
-200 : T
-400 [ e e L ek
N :LINE4 : u;gn.'{ i e e 1 ol I :
20 40 60 mm
A

The calculation has been based on the average SNCF's of the identical specimens



MEASUREMENTS DURING FATIGUE TESTING
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Spec.

36 - page 3

FATIGUE TESTING CONDITIONS :in air/ir=gea=water — aish/without protection.

FAILURE Ae — 15% Visual crack Through End of the test | Static residual
CRITERION ~ 30 mm crack (1) strength (kN)
Number 6 6 Vi /
of cycles 2.6 % 10 3.2 %10 1.0 % 10 1.9 % 10
(1) A : complete failure C : secondary cracking total length = ... mm
B : actuator displacement = ... mm D : otherreason :Reducti on O'F St'i ffness
6
1 0004008
HOT SPOT STRAIN GAGES EVOLUTION
or ANY OTHER AVAILABLE
500
1004
H LINE 2
5 15 % 10°
cycles

CRACK EVOLUTION
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)THER RELEVANT INFORMATIONS Spec. 36 - page 4

Line2

18
' Crack initiation

point
insice brace

!

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

with chord Toading out of phase

300 |
_.Specimen_3&__
S
=
>
:| a5
= 19, 5
=R e .
100 == o : e e
o
D
(o]
‘a
.L/)
S
Cycles 5
O el J, ‘1 - S| 6
2 4 6 8 10 12 14 1A % 1N

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

Explanation HSSR page 2

The HSSR which is given on page 2 , has been based cn the SNCF at the
outside of the brace on line 5 , as shown in fig. 1 .

CPS Parls.2.80.K78
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OFFSHORE TUBULAR JOINT ‘
TEST DATA SHEET ECSC Pg. F7

N

T X - joint geometry, dimensions, loads
¥pe ‘ SKETCH boundary conditions

Loading Axial ‘
Laboratory | DUT - Stevinlab. \ Z_TL Top 1
Specimen nr. | 37 ' 9 T—r

o

e outside wall
N £ diameter thickness L 2280
cS|D 457.2 T 16 = :
8 4 14
g(_g d, 457.2 t, 8.8 g b Top 2
g; d, t, v

Post weld stress relief H.T. NI 085

ACTUAL PROPERTIES OF CRACKED MEM_BER brace (inside)

Grade : X 60 STD: API - 5 LX
MBS.S:L C% Si % Mn % S% P % Al %
0.14 (0.30 [1.29 (0.014 |0.020 | 0.041
Welding process :MMAW , Current : AC
WELDING .| Filler materials : —456-— AWS — .; E 7016
Electrode diameter (mm) : 2.5 to 4
WELDING PROCEDURE
- —
< Position 5G
E = Nr of runs 5
L5
=2 Energy (kj/m) ;
O W=
L(b.lg % preheat. temp. (° C) 65
T o
% u e postheat. temp. (° C) | pone
n
2 = 9 POST WELDING TREATMENT
J 2 . .
=z & e
. g i v
WELD C% Si% | Mn% | S% P % Ni %
METAL
DEPOSIT
TENSILE PROPERTIES Base metal weld metal Other
Yield strength o, (N/mm?) 482 properties
Tensile strength o, (N/mm?) 580 see page 4
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Spec. 37 - page 2

MEASUREMENTS BEFORE FATIGUE TESTING

cycles

Number of cycles before measurements : 1()
Frmin(KN) | Frax(kN) Rg T (°C) Frequencies (Hz) Extrapol. Hot Spot Strainrange®
-300 300 -1 3 624 (see page 4)
1106 A
10004 € i x bracean\ |
o =90 |
|
Hot spot BN
E e,
500
100
H=INE 2 S
- 20 40 60 mm
4 10° Ae , _ _ i
1000 d :actual position of the strain
gages as mesured from the
weld toe in mm
Ae = €max ~ €min = € (AF)
on
Top 2
500
100 E e HiE e
. FLINE4 ! T i i‘{l;‘f.fl;_ H
40 60 mm

20
* The calculation has been based on the average SNCF’s of the identical specimens.
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MEASUREMENTS DURING FATIGUE TESTING

Spec. 37 - page 3

FATIGUE TESTING CONDITIONS :in air/ia-sea=mater — with/without protection.

FAILURE Ae + 15% Visual crack Through End of the test Static residual
CRITERION ~ 30 mm crack (1) strength (kN)
Number 6 6
ofcycles | 4.5 % 10% 4.3 %10 6.7 % 10 8.1 % 10°
(1) A : complete failure C : secondary cracking total length = .. mm
B : actuator displacement = ... mm D : otherreason: Reduction of stiffness
6
1 0004 0irs 5
HOT SPOT STRAIN GAGES EVOLUTION
or ANY OTHER AVAILABLE
500
100+
LINE 2
2 6 % 10°
cycles

CRACK EVOLUTION

Scale : number of cycles x mm™ = 500 .000
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OTHER RELEVANT INFORMATIONS | Spec. 37 - page 4

, —
| W '
a |/ :
(®) | (O] §
E (8]
- (‘\ 5 -
— \ Q
iy 8 O 5
S \ o .g @
‘0 Vo Ol e
= VAT o
o // = N
//
Ve s -
2 : Outside
u
o N = O Inside brace brace
- _SNCF / \
Crackgrowth g Crack initiation
direction points

Fig. 1 Straindistribution of X - joints with 8=1 and t=0.55

3001
l
590 %
Soecimen 37

e em e e

200 |-

X 100%}

d
n
do

100

displacement
i
\

0

Cyvcles ) )
0 1 ? 3 4 5 6 7 g % 10°
Fig. 2 Evolution of the node elongation per cycle during the test

Explanation HSSR page 2 ,
The HSSR which is given on page 2 , has been based on the SNCF at the

outside of the brace on line 5 , as shown in fig. 1 .

A,
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OFFSHORE TUBULAR JOINT )
TEST DATA SHEET ECSC Pg. F7

T _ A geometry, dimensions, loads
ype X - joint SKETCH boundary conditions
Loading Axial 4
Laboratory | DUT - Stevinlab. _|_ Top 1
Specimen nr. = 5 Y:—
- I ' ﬂ‘
e outside wall :
N = diameter thickness » 2280 _1|
21D 457.2 T 16 S| T
i g 4 LA
S§|d 457.2 t, 8.8 ! Top 2
‘5’% d, t, '
Post weld stress relief H.T. NI o“

ACTUAL PROPERTIES OF CRACKED MEMBER brace (inside)

Grade : X 60 STD : API - 5 LX
MB[ngfL C% | Si% | Mn% | S% | P% | Al%
0.14 [0.30 |1.29 {0.014 |0.020 |0.041
Welding process : MMAw B Current ¢ AG
WELDING | Filler materials : — AWS — : E 7016
Electrode diameter (mm) 25 tg 4
WELDING PROCEDURE
= |___/_ 39 34 " Position 5G
E =t ‘ S Nr of runs 5
b= —
g & " | \ Energy (kj/m) -
2 preheat. temp. (* C) |g5
aT - .
Lﬁ LIIJ?) / postheat. temp. (° C) | hone
g = 9 ] POST WELDING TREATMENT
=
o o . ’
= g HeaitroatiRent—tig-or=plosma-diessing
s ; el
WELD C% Si % Mn% | S% P % Ni %
METAL
DEPOSIT
TENSILE PROPERTIES Base metal weld metal Other
Yield strength o,, (N/mm?) 487 properties
Tensile strength o, (N/mm?) 580 see page 4
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Spec. 38 - page 2

MEASUREMENTS BEFORE FATIGUE TESTING

Number of cycles before measurements : 20). 000 cycles
Frin(kN) | Frhax(kN) Rg | T(°C) Frequencies (Hz) | Extrapol. Hot Spot Strainrange *
-287 287 -1 y 3 594
) :
1000A10 ae e = brace nr 1 —\\‘ |
6 =90 ‘
|
¢ =
A
Hot spot S
\\€q
500
100 :
E‘LILJINI'EII?Y 3 i d
20 40 60 mm
4106 Ae . _ . . . - -
1000 ! d : actual.position of the strain
i gages as mesured from the
weld toe in mm
Ae = €max ~ €min = € (AF)
oo )
Top 1
500
10025 : 1
ILINE 4 T ﬂ&: : HH e FeetEstesaasta sate: tavzecas B :
FRYSNN Tamascas san: : I ;
20 40 60 mm

X
The calculation has been based on the average SNCF’s of the identical specimens.
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MEASUREMENTS DURING FATIGUE TESTING

FATIGUE TESTING CONDITIONS :in air/ia=sea=water—with/without protection.

Spec. 38 - page 3

FAILURE Ae — 15 % Visual crack Through End of the test | Static residual
CRITERION ~ 30 mm crack (1) strength (kN)
Number 5 6 6 6
of cycles 5.2 % 10 5.0 % 10 7.8 % 10 8.5 % 10
(1) A : complete failure C : secondary cracking total length = ... mm
B : actuator displacement = ... mm D : otherreason: Raduction of stiffness
6
1000 10° Ae i ) _
HOT SPOA" STRAIN GAGES EVQLUTION
or/ANY OTHER AVAILABLE
500 &
1004
§LINE 2
2 4 6 % 10°
cycles

CRACK EVOLUTION




O

5-174

THER RELEVANT INFORMATIONS Spec. 38 - page 4

j
|
a ||
) | [U)
E (&)
5 (\ o
\ 0
Sl ) L «
) \ o @
o \ o S o
b7 \' ' © O] (o
s /2 g
o\ = 0
//1
/
7
o
™ 1Y ™ o
- SNCF ///
Crackgrowth g
direction

P

Inside brace //brace
N\

Crack initiation
points

Fig. 1 Straindistribution of X - joints with g=1 and t=0.55

1300 "
) 479 %
__Specimen_38__
2001 &8
=
>
:I o
= = |
)
<
(D]
100 —§
(@)
1o}
=
[%2]
2
0| R Lgycles! - = . X
0 T 2 3 4 5 6 7 g 106

Fig. 2 Evolution of the

Explanation HSSK page 2

node elongation per cycle during the test

The HSSR which is given on page 2 , has been based on the SNCF at the

outside of the brace on line 5 , as shown in fig. 1 .

P X -]
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OFFSHORE TUBULAR JOINT o
TEST DATA SHEET ' ECSC Pg. F7

Type X = joint - geometry, dimensions, loads
P . SKETCH boundary conditions
Loading Axial A
Laboratory TNO - IBBC i (
(=]
Specimen nr. | 39 l 1 ™
L 3=900 \gkr —
e outside wall
= diameter thickness LT
= e - TT 4570
E~; D 914.4 T 32 < >
(6]
=34, 457.2 t, 16
o>
”G"g d, 457.2 t, 16
' Post weld stress relief H.T. Nl OBE

ACTUAL PROPERTIES OF CRACKED MEMBER

Grade : X 52 STD : API - 5LX
MB?rS:L i% Si % Mn % S% P % Al %

0.15 |0.38 |1.29 |0.010 |0.011 [0.027

Welding process : MMAW , Current : AC
WELDING | Filler materials : —+58=— AWS — ........ . E 7016
Electrode diameter (mm) : 2 5 - 4

WELDING PROCEDURE
- —
” Position 5G
E E Nr of runs 1 6
E ==
s Qw \ Energy (kj/m)
onz
T : © preheat. temp. (° C) 100
o - 0
5 % E : postheat. temp. (° C) | none
n
g = o e - - POST WELDING TREATMENT
| —
L Q. 5 ¥
z & 84 m@ﬁi—ﬁ@ﬁﬁm
S : i
WELD C% Si% | Mn% | S% P % Ni %
METAL
DEPOSIT
TENSILE PROPERTIES Base metal weld metal Other
Yield strength o,, (N/mm?) 366 properties
Tensile strength o, (N/mm?) 532 SE€ page q
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MEASUREMENTS BEFORE FATIGUE TESTING Spec. 33 - page 2

Number of cycles before measurements : 10 cycles

Frin(kN) | Fryax(kN) Rg T(°C) Frequencies (Hz) | Extrapol. Hot Spot Strainrange'*

0 150 0 6 314
110° Ae
1000 ' brace nr.... |
T \ |
9 =90 |
|
¢)=
I
Hot spot &
~d
500
100 : !
O 3 :
FLINE 2 : i d
20 40 60 mm
10001 10% Ae .
: : d : actual position of the strain
: ; gages as mesured from the
weld toe in mm
Ae = €may ~ €min = € (AF)
0CAO 110V % 2 |Top
oA G 1/mVv X 2 |Bottc
500
HHTT T
e T T £
Sesasanann : 7 : B aaasa: SRR =
T T et e e e ey e !
. T };! 1N . 1 1 1 1 8 " I In 3 - i
o o
e Fe T HEE ‘
100 &= : e e S %
= B eoe inaes sase: e pestes e e e e e e :
i HLINE 43 e e e e e P T T e : EEED ,d
20 40 60 mm

The calculation has been based on the average SNCF’s of the identical specimens
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MEASUREMENTS DURING FATIGUE TESTING

FATIGUE TESTING CONDITIONS :in air/ir-sea=mater — smish/without protection.

Spec.

39 - page 3

FAILURE Ae — 15% Visual crack Through End of the test | Static residual
CRITERION ~ 30 mm crack (1) strength (kN)
Number 6 6 7 ; 7
ot ppellen 5.5 % 10 3.0 % 10 2.0 % 10 2.6 % 10
(1) A : complete failure C : secondary cracking total length = ... mm
B : actuator displacement = ... mm D & otherreason:Reduct.ion of stiffness
6
400 410 08 o
: HOT SPOT STRAIN GAGES EVOLUTION
E o s Ss= IS 5SS it it EIIE‘IE' rEEE EE_E a2 ==
s, i
T
0
{LINE 4
-100 B G
10 20 \18 X 106
< cycles
CRACK EVOLUTION
n,= (0 cycles
/
Top 1 & hdeed [
1 /
=
/ = : =§§\ X ‘\»/
!, | /\i\\\\/
/ LS/ AN ;\.\\ \) \ 110
/ N
,/ \‘\\ V\(\T\\\l&\:\v\«\ﬂ\//m ™
i
1 |

it

| | \; ‘Bottom 2

Scale : number of cycles x mm™ - .000°.000 "




5-178

OTHER RELEVANT INFORMATIONS

Spec. 39 - page 4

~PS Parls.2.80.K78
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OFFSHORE TUBULAR JOINT T
TEST DATA SHEET

ECSC Pg. F7

geometry, dimensions, loads

SKETCH boundary conditions

Type X = joint
Loading Axial
Laboratory TNO - IBBC
Specimen nr. 40
e outside wall
= diameter thickness
zc(p  914.4 T 32
58
s2|d, 457.2 t, 16
o >
g d, 457.2 t, 16

1310

L 3=900

4570

Post weld stress relief H.T.

e
No

ACTUAL PROPERTIES OF CRACKED MEMBER

Grade : X 52 STD: API - 5LX
MBI?TSAEL C% Si % Mn % S% P % Al %
0.15 1 0.38 |1.29 {0.010 |0.011 |0.027
Welding process : MMAW , Current : AC
WELDING | Filler materials : —#68-— AWS — ........ : E 7016
Electrode diameter (mm) : 2.5 - 4
. WELDING PROCEDURE
}— - P
b Position 5G
= o : Nr of runs 6
e
E 8: : Energy (kj/m)
QW= |
T Ex | ~ | preheat. temp. (° C) 100
P | N8 o
< ut E l postheat. temp. (° C) none
(88 ]
@9 | POST WELDING TREATMENT
4 = ) ' | |
= ® 7] ~Hoat-troatmont—rtig-or-plasma-droseing
S| . el
WELD C% Si% Mn % S% P % Ni %
METAL
DEPOSIT
TENSILE PROPERTIES Base metal weld metal Other
Yield strength a,, (N/mm?) 366 properties
Tensile strength ¢, (N/mm?) 532 see page 4
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MEASUREMENTS BEFORE FATIGUE TESTING

Spec. 40 - page 2

cycles

Number of cycles before measurements : 1140
Extrapol. Hot Spot Stainrange -

Rg T(°C) Frequencies (Hz)
3 823

Fmin(kN) Fmax(kN)
0 390 0

110° A
€ T — brace nr....\ |
o (]
0 =90 /‘ &
=z
2
N

¢ =90

%&g&mz d

A 106 Ae
1000 : : : : = g - e -
f d : actual position of the strain
gages as mesured from the
weld toe in mm
AF)

Ae = €max — €min = € |

1. ogA 2 VO |Top
1 OMA 2 V& X  Bottc

Z
;
500 :
:
:
n
5
1L
H
:
[
:
:
1 T
:
i
100 T s T T T
sas ; 3 1 1 T T Inne 1
H T + H T+ i T H T ¢ T T t t d
FLINE At e e s e G
Sas. emsahawassats ; : : - = s :

The calculation has been based on the average SNCF’s of the identical specimens



MEASUREMENTS DURING FATIGUE TESTING
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Spec. 40 - page 3

FATIGUE TESTING CONDITIONS :in air/fr-sea=waiesr — with/without protection.

FAILURE Ae — 15% Visual crack Through End of the test Static residual
CRITERION 42 mm crack (1) strength (kN)
Number - 5 5 5 ' 5
af mrias 0.9 % 10 1.0 % 10 5.0 % 10 7.3 %10
(1) A 1 complete failure C : secondary cracking total length = ... mm
B : actuator displacement = ... mm D : otherreason : Reduction of stiffness
‘]06 Ae -
1000 HOT SPOT STRAIN GAGES EVOLUTION
or ANY OTHER AVAILABLE
SSaamas
mE=
0
HLINE 4
=500 : it
0.1 0.2 0.4 0.6 % 10°
cycles
: ]

CRACK EVOLUTION

Scale : number of cycles x mm™

=25.000
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OTHER RELEVANT INFORMATIONS

'Spec. 40 - page 4
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Appendix 3-1I1

Crack growth diagrams
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crack left side of centerline B

TEST SPECIMEN 1

load range 0 - 84 kN
frequency 10 Hz -
N = 63000 cycles

‘Loaded brace

crack right side of centerline B

location [increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm)
i
1 54 54
3 25 79 63000

63000

— 1

BOTTOM
B

A = 63000 cycles

location |increase length crack|increase| total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm)
51 51
L 24 75 63000 |63000

G816




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 cycles
(mm) (mm) % 100 * 100
1 14 14 12500 12500
3 12 26 125 12625
15 41 275 12900

TEST SPECIMEN 2
load range O - 28 kN

frequency 10 Hz
N = 12,970,000 cycles

Loaded brace

crack right side of centerline B

BOTTOM
. B

in weld metal

A= 12,500.000
B= 12,625,000
c= 12,900,000

location |increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm) * 107 % 107
2 56 56 12500 12500
4 15 71 125 12625
6 36 107 275 12900

£



TEST SPECIMEN 3
load range 0 - 50 kN

frequency 10 Hz

N = 3,296,000
|

crack left side of centerline B crack right side of centerline B
location |increase length crack| increase|total location |increase length crack|increase| total
of of ‘tip to of number of of of tip to of number of
crack tip|crack length|centerline cycles cycles Loaded brace crack tip|crack length|centerline cycles cycles
(i) (i) %100 |% 10° " ' o (m) ) %100 |® 107
1 32 32 2580 2580 | 2 3 3 2580 2580
3 5 37 200 2780 L 20 23 200 2780
5 5 42 100 2880 6 5 28 100 2880
7 14 56 400 3280 . jBOTTON 8 40 68 400 3280
9 50 82 4t 10 40 108 15 | 3295
11 12 94 15 | 3295 " 5 :_1_/ 12 30 98 3295

A= 2.580.000
B= 2.780,000
c= 2.880.000
D= 3.280.000
E= 3.295.000

LB1-§




crack left side of centerline D

TEST SPECIMEN &4 .
5 52
load range -42° / 427 kN

frequentie 0,2 Hz

environment

N = 2709656

; SEA WATER

cycles

Loaded brace

crack right side of centerline D

location [increase length crack | increase |total

of of tip to of number of

crack tip|crack length |centerline éyclea | eycles

(o) (mm)

1 40 40 1298724 1298724
3 8 48 446276 1745000
5 20 68 345704 2090704
7 20 88 380502 2471206
9 56 144 238450 2709656

crack left side of centerline B
1 51 51 1298724 1298724
3 13 64 456276 1745000
5 18 82 345704 2090704
7 17 99 380502 2471206
9 104 104 380502 2471206
11 10 109 238450 2709656
13 12 116 238450 2709656

BOTTOM

Am
Be
C=
D=

Em

1298724
1745000
2090704
2471206
2709656

location |increase length crack|increase tota;
of of tip to of number of
crack tip|crack length | centerline cycles . | cycles
(mm) (mm)
2 33 33 1298724 | 1298724
4 38 71 446276 | 1745000
6 34 105 345704 | 2090704
8 27 132 380502 2471206
10 15 147 238450 2709656
around weld non 238450 2709656
crack right side of centerline B
2 L8 L8 1298724 1298724
4 40 88 446276 | 1745000
6 22 110 345704 | 209070%
8 27 137 380502 2471206
around weld none 380502 2709656

881-5



crack left side of centerline D

TEST SPECIMEN 5

load range 0 - 160 kN

frequency 4 Hz
N = 777820 cycles

Loaded brace

location |increase length crack | increase | total
of of tip to of -number of
crack tip|crack length | centerline cycles cycles
(=) (mm)
-2 12 (2) 7 377820 377820
5 23 35 50000 427820
7 9 L 100000 527820
crack left side of centerline B
1-2 34 (2) 5 377820 | 377820
5 15 49 50000 427820
34 83 100000 527820
24 107 100000 627820

BOTTOM

A= 377820 cycles

B= 427820 9

c= 527820 9

o= 627820 ,, s

crack right 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 )
3-4 34 (3) 5 377820 | 377820
6 18 52 50000 427820
13 65 100000 527820
crack right side of centerline B
3-4 23 (3) 15 377820 | 377820
‘a7 50 50000 527820
© 40 - 90 100000 527820
10 17 107 100000 627820

681-§



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
2 36 36 531000 531000
3 50 86 215380 746380
6 45 131 116090 862470

TEST SPECIMEN 7-

load range 0 - 144 kN
frequency 4 Hz

N = 1053500 cycles

)

Loaded brace

crack right side of centerline D

location |imcrease length crack| increase | total
of of "tip to of number of
crack tip|(crack length| centerline cycles cycles
(mm) (mm)
49 49 531000 531000
46 95 215380 746380
21 116 116090 862470

BOTTOM
B

-

A= 531000 cycles
B= 746380 55
c= 862470 ,,

061-5



crack left side of centerline D

TEST SPECIMEN 8

Load range 0 = 85 kN
frequency 4 Hz

N = 851519 cycles

SN‘I

location [increase length crack | increase| total
of of tip to of number of
crack tip|crack length | centerline cycles cycles
(mm ) (mm)
9 3 =) 469190 4478790
11 3 5 443360 4922150
13 9.8 14,8 592680 5514830
15 3.4 18,2 497320 6012150
17 45,4 63.6 507750 6519900
crack left side of centerline B
25 93.6 90 507750 | 6519900
27 10 100 991650 | 7511550
29 8.8 108.8 1003640 8515190

#Jd
\\4!
‘Louded brace
BOTTOM A

2390000 cycles F= 4922150 cycles
3028000 G= 5514830 ,,
3491480 H= 6012150 ,,
45009600 n 1= 6519900 s
4478790 ,, J= 7511550 T

K= 8515190 ’»

crack right 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 ) (=m)
1-2 6.4 (2) 17.6 2390000 | 2390000
3-4 17.6 (4) 33.2 638000 | 3028000
5-6 11 (6) 37.8 463480 | 3491480
7-8 6,2 (8) 42.2 518120 | 4009600
10 4.8 46 4569190 | 4478790
12 8 54 443360 | 4922150
14 22,4 76.4 592680 | 5514830
16 3.2 79.6. 497320 | 6012150
18 18,4 98 507750 | 6519900
crack right side of centerline B
19.20 7.8 (20) 11,4 4922150 | 4922150
2122 2,2 (22)13.6 592680 | 5514830
23-24 B2 (24)16.8 498320 | 6012150
26 20.6 33.8 507705 | 6519900
28 8.8 42,6 991650 | 7511550
30 8.2 50.8 1003640 | 8515190
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crack left side of centerline D

location |increase length crack | increase | total

of of tip to of number of

crack tip|crack length | center line cycles cycles

(mm) (mm)

1 41 41 1246706 | 1246706
3 5 46 498294 | 1745000
5 33 79 412196 | 2157196
7 29 75 412196 | 2157196
9 18 97 190850 | 2348046
11 11 86 190850 | 2348046
13 12 109 166780 | 2514826
15 23 109 166780 [ 2514846
17 72 181 238430 | 2753276

TEST SPECIMEN 10 - ~

- load range 0 - 85 kN

frequentie 0,2 Hz
environpent ; SEA WATER
N = 2753276 cycles

Loaded brace

crack right side of centerline D

A=

C=

E=

F=

BOTTOM

1246706
1745000
2157196
2348046
2514826
2753176

location |increase length crack | increase| total
of of tip to of number of
crack tip|crack length|centerline cycles cycles ’
(mm) (mm)
2’ 34 34 1246706 | 1246706
4 4 38 498294 1745000
6 36 74 412196 | 2157196
8 12 86 190850 2348046
10 36 122 166780 | "2514826
12 16 102 166780 | 2514826
14 74 176 238430 | 2753176
crack rigth side of centerline B
1-2 15 (2) 18 1745000 | 1745000
3-4 47 (&) 50 412196 | 2157196

T -



TEST SPECIMEN 11 .

load range - 28 />+ 28 kN
frequency 3 Hz '

N = 10566960 cycles

' =1

crack right side of centerline B
5 2
location (increase length crack | increase | total
of . of tip to of -number of
crack tip[(crack length | centerline cycles cycles
(mn) (mm)
2 3 3 1807680 1807680
4 1 L 329280 2136960
Loaded brace 6 1,8 5.8 385920 2522880
8 1.8 7.6 354960 | 2877840
10 5.4 13 234080 4111920
12 9.5 22,5 1391049 5502960
14 5.:5 28 878151 6381120
16 0 28 570480 6951600
18 36 64 497520 7449120
TR 20 12 76 532320 7981440

\

*/ '

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 cycles
(om) (mm)
1 2 2 1807680 | 1807680
9 3 5 2304240 | 4111920
11 15 20 1391049 | 5502969
13 8 28 878151 | 6381120
15 9 37 570480 | 6951600
17 12 49 497520 | 7449120
19 11 60 532320 | 7981440
A = 1807680 cycles
B = 2136960 50
c = 2522880 "
D = 2877840 s
B
E= 4111920 Oon
F = 5502969 T
G = 6381120 0
H = 6951600 0o

| = 7‘*1‘9120 ER)
J = 7981440 oy

by the present gauges

To observe the crack-growth at the top side

was not possible , because the crack was covered
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crack left eside of centerline D

TEST SPECIMEN 12

load range - 28 / + 28 kN:
frequency 3 Hz

N = 905720 cycles

Loaded brace

crack right side of centerline D

location |increase length crack | increase | total

of of tip to of number of

crack tip|crack length | centerline cycles cycles
(m=m) ( om)

1 1 1 373000
5-3 1.7 (5) 5.6 373000
9-7 23.9 (9) s2. 373000
13-11 20.2 (13) 53.3 43000 416000

15 2 T3 43000 | 416000

17 3.2 555 90600 506600

19 10.5 66 60400 566000

21 11 77 46000 612000

crack left side of centerline B
1 22,2 22,2 373000

BOTTOM

=8

A= 373000 cycles

B= 416000 ,,
c= 466000 ,,
p=.506000 ,,
E=:566000 ,,
F= 612000 ,,

_—

location |increase length crack | increase | total
of of tip to of number of

crack tip|crack length | centerline cycles cycles

( mm.) (mm)

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 L4 41 50000 466000

14 2 43 40600 506600

18 9 52 60400 | 566000

16 6 49 60400 566000

14,6 66.6 46000 612000

20 10 59 46000 612000

crack right side of centerline B
ABCDEF
2 5 5 373000

.\
g
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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 cycles
(mm) (mmn) % 107 ¥ 107
L 95 935 2080 2080
3 24 119 798 2878 ¥
5 8 127 295 3173 13
P 18 145 294 3467
9 40 167 3467
11 95 260 528.5 | 3995.5
13 27 287 226.8 4222.3
15 50 337 322, 4545.2
17 12 349 279.8 | 4825
19 30 367 4825
21 60 80,3 4915.3
23 12 361 4915.3
25 14 381 4915,3
27 25 4915.3

TEST SPECIMEN 13
load rnnéc 0 - 270 kN

frequency 2.8 Hz
N = 5.046.000 cycles

Loaded brace

crack right gide of centerline B

BOTTOM

A= 2,080,000
B= 2,878.000
€= 3.173.000
b= 3.467.000
E= 3.995.500
F= 4,222,300
G= 4,545,200
H= 4,825,000
1= 4.915.300

location |increase length crack|increase| total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm) * 103 * 103
2 5 \ 5 2080 2080
A 59 64 798 2878
i 6 36 100 295 3173
it
8 30 130 294 3467
10 82 212 528,5 | 3995.5
12 52 264 226.8 | 4222.3
14 50 314 - 322.9 4545.2
16 30 344 279.8 | 4825
18 20 354 4825
20 45 98.3 4915.3
22 2 396 4915.3
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crack left side of centerline B

TEST SPECIMEN 14

load range 0 - 770 kN
frequency 1.5 Hz

N = 179.000 cycles

o

TOP

Loaded brace

location |increase length crack|increase|total

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(mm) (mm)

1 90 90 50.000 50.000
3 49 139 10,000 60,000
5 2 231 30,000 90,000
7 35 266 24,500 115,000
9 29 325 50.000 165,000

'

a= 50,000
= 60,000
c= 90.000

= 115,000

E= 165.000

crack right side of centerline B

location |increase length crack|increase| total

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(mm) (mm )

2 60 60 50,000 50,000
L 13 73 10,000 60,000
6 108 181 30,000 90,000
8 28 209 24,500 115,000
10 107 316 50.000 | 165,000
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crack left side of centerline D

TEST SPECIMEN 15
load range 0 - 450 kN

frequency 2.8 Hz
N = 1,132,000 cycles

Loaded brace

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
3 145 146 460,000 | 600,000
5 112 258 94,000 863.000
7 15 273 64,800 | 927.000
9 12 285 52.200 980.000
11 60 345 20,000 |1000.000
crack left side of centerline B
1 29 25 587.000 587.000
3 155 180 67.000 654,000
5 30 210 275.000 927.000

BOTTOM

|

= 140,000
480.000
587.000
600,000
654,000 4
= 863,000

= 927,800

= 980,000
1,000,000

"

L~ I R = I - o T -~ I
(]

crack right side of centerline D
location |increase length crack|increase [total
ilos of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm)
2 99 99 600.000 | 600,000
4 80 179 263.000 863.000
6 55 234 64,800 927.000
8 65 299 52,000 | 980,000
10 35 334 20.000 |1000.000
crack right side of centerline B
2.4 25 (u)60 480.000 | 480,000
6 35 60 107,000 | 587,000
100 160 67.000 654,000
10 40 200 273.800 927,000

L61~§




TEST SPECIMEN 18
load range 0 - 35 kN
frequengy_}o Hz ¢
N = 3,600,000 cycles

crack left side of centerline B crack right side of centerline B
location |increase length crack|increase|total location [increase length crack|increase|total
of of tip to of number of of of tip to of number of
crack tip|crack length|centerline cycles cycles crack tip|crack length|centerline cycles cycles
(ram) (i) % 100 |% 107 (mm) (mm) % 100 |% 100
2 15 15 2500 2500

5 6 4 35 50 750 3250

5 20 6 50 100 250 3500

7 80 8 50 125 50 3550

1IN

1 5 5 2500 2500 _\
3 11 750 3250
31 250 3500
111 50 3550
6

Loaded brace

4
-

1 e

—o
—
— ™
— >

2.500.000
= 3.250.000
3.500.000
3.550.000

W >
L]

n
L}

o
L}
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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)
(1-3) 6 (3) 11 60,000 |60,000
crack left side of centerline B
i 6 6 30,000 30.000
3 8 14 11,000 41,000
5 0 14 4,000 45,000
7 8 22 10,000 55.000
9 8 30 5.000 60.000 5
11 24 54 5,000 |65.000 ]
13 13 67 5.000 |[70,000
15 23 102 3.500 73.500

TEST SPECIMEN 19
load range 0 -.80 kN

frequency 10 Hz
- N = 74,000

1]

Loaded brace

' BOTTOM
B

e 1

—

= 30,000
= 41,000
= 45,000
= 55.000
= 60,000
= 65,000
= 70,000
= 73,500

A
B
c
D
E
P
G
H

crack right side of centerline B

location |increase length crack|increase| total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm)
2 6 6 30,000 30,000
L 0 6 11,000 41,000
6 10 16 4,000 |45.000
8 LYy 60 10,000 55,000
" 10 8 68 5.000 60,000
% 10 8 76 5.000 | 65,000
14 9 85 5.000 70,000
16 35 120 3,500 (73,500

“S
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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)
1 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 B
1 42 42 250.000( 250,000
3 24 66 40,000| 290.000
5 132 188 110,000( 400.000
7 42 230
9 01 250 100.000| 500,000
11 255 500,000
13 30 281 50.000( 550,000
15 19 300
17 26 326 50.000 | 600.000
19 330 600,000
21 48 348 25,000( 625.000

[
TEST SPECIMEN 20

load range 0 -.600 kN
frequency 2;5'H;

N = 680,000

= 250,000
= 290,000
= 400,000
500,000
= 550,000
= 600,000
= 625,000

O MM E U o w e
n

crack right 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)
2 143 143 250,000| 250,000
L 35 178 40,000( 290,000
6 42 220 110,000| 400,000
8 35 255 100.000| 500,000
10 0 255 50.000| 550,000
12 20 275 50,000/ 600.000
crack right side of centerline B
2 125 125 250,000/ 250,000
A 0 | 125 40,000 290,000
6 50 175 110,000 400,000
8 20 195 3
10 55 254 100.000| 500,000
12 215 500,000
14 22 276 50.000| 550,000
16 10 286
18 37 323 50.000| 600,000
20 298 600,000
22 35 358 25,000 625,000
24 24 239 625,000
26 15 . 313 625,000

-G

002



crack left side of centerline D

TEST SPECIMEN.21
load range 0 - 220 kN

frequency 4 Hz
N = 16,414,800

__Loaded brace

location ‘|increase length crack |increase|total
of of tip to "ot number of
crack tip|crack length|centerline cycles cycles
(mm) (mm) % 107 * 10°.
1 4 b 3.500 3.500
3 2 6 500 4,000
5 25 31 1.500 5.500
7 40 71 1.000 6.500
9 6 77 2,000 8.500
11 32 109 500 9.000
13 40 149 1.223 10.22
15 60 209 1,442 11.675
13 80 289 1.915 13.590
crack left side of centerline B
1 1 1 5.500 5.500
3 6 7 1,000 6.500
5 17 24 2,000 8,500
7 az 46 500 9.000
9 30 76 1,22 10,223
11 70 146 1,442 11,675
13 125 a7 1,915 13.590

BOTTOM

A= 3,500,000
B= 4,000,000
€= .5,500.000
p= 6,500,000
E= 8,500,000
F= 9,000,000
G= 10,223,000
H= 11,675.000
1= 13.590.000

18

ABCDEFGH I

crack rigth side of centerline

location |increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm) % 107 ¥ 107
2 6 6 3.500 3.500
4 10 16 500 4,000
6 8 21 1.500 5.500
8 28 52 1,000 6.500
10 23 75 2,000 8,500
1.2 50 125 500 9.000
14 25 150 1.233 10.223
16 70 220 1,442 11,675
18 70 290 1.915 13.590
crack rigth side of centerline B
2 1 1 5.500 5.500
4 10 11 1,000 6.500
6 49 60 2,000 8,500
8 85 145 500 9.000
10 0 145 1,223 10,223
12 20 165 1,442 11.675
14 70 235 1.915 13.590

.
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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 cycles

(mm) (mm)
. ‘2

1 12 12 150,000/ 150,000
3 6 18 50,000 200,000
5 19 37 200,000{ 400,000
i@ 18 55 350,000 750,000
9 0 55 | 50.000| 800,000
11 47
13 0 55 100.000| 900.000
15 57 900,000
17 5 60 '
19 25 85 25,000 925.000

!_1/_/-
5
. Loaded brace ABCD

TEST SPECIMEN 22
load range 0 - 45 kN

frequency 10 Hz
N = 950,000 cycles

crack right side of centerline B

-m
]

BOTTOM
B

150,000
200,000
400,000
750,000
= 800,000
= 900,000
= 925,000

Q" oE T O w
n

location |increase length crack|increase ;utal

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(mm) (mm)

2 8 8 150,000| 150.000
L 7 15 50.000| 200,000
6 10 2 200,000| 400,000
8 8 33 350.000| 750,000
10 10 43 50,000| 800,000
12 38
14 0 43 100,000 | 900,000
16 46 900,000
18 8 51
20 20 g 25,000 | 925,000
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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) * 107 % 100
1 13 13 2,000 2,000

TEST SPECIMEN 23
load range-0 -" 32 kN
frequency 10 Hz

N = 2,400,000

D
TOP

>

Loaded brace_

. BOTTOM
B

A = 2,000,000

crack right 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) %100 |% 107
2 40 40 2,000 2,000

€0¢-§



crack left side of centerline C

location |increase length crack|increase |total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm)
1 30 30 335.400| 333,400
3 6 36 6,600 | 340,000
38 74 25,000 | 365.000

TEST SPECIMEN 2

load,range:O - 4000 Nm

frequency 10 Hz
N = 370,000 cycles

EDCBA

U

Loaded brgce

H Y O w >

250,000
300,000
333,400
340,000
365.006

crack right side of centerline C

location |increase length crack|increase|total

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(mm) (mm)

2-4 25 (u) 37 250,000{ 250,000
.6-8 22 (8) 49 50,000| 300,000
10 12 59 33.400( 333,400
12 0 59 6.600( 340,000
14 35 94 25,000| 365,000

BOTTOM
B 3
&
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TEST SPECIMEN 25
load range 0 - 4500 Nm
freqﬁqﬁy 10 Hz

N = 480.000
crack left side of centerline C crack right side of centerline C
location [increase length crack|increase|total location |increase length crack|increase|total
of of tip to of number of of of tip to of number .of
crack tip|crack length|centerline cycles cycles crack tip|crack length|centerline cycles cycles
() (mm) — (mm) (mm)
——] 4
1 6 6 450,000 450,000 D TOP 2 40 40 450,000( 450,000
3 50 56 20,700| 470,700 4 18 58 ‘ 470,700

jLoaded brace e

%
B

3

[ —

A = 450,000
B = 470,700

G50¢-5




crack left side of centerline C

location |increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm) %100 |% 107
1-3 8 (3)u8 625 625
5-7 37 (7)63 775 | 1,400
9 52
11 28 73 200 1,600
13 30 103 84 1,684

TEST SPECIMEN 26

load range 0 - 841 Nm
frequency 10 Hz .
N = 1,700,000 K

4

Loaded brace

crack right side of centerline C

location |increase length crack|increase| total
of of tip-to of number of
crack tip|crack length|centerline “|cycles cycles
(uize) o) %100 |% 100
20 20 1,600 1,600
L 58 78 84 1,684

A = 625,000
B = 1,400,000
C = 1.600,000
D = 1,684,000

90¢-6
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TEST SPECIMEN 27

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|centerline [mm ] crack tip|centerline [mm]
% 10° % 10° (mm] [mm]
1 2 1 2 1 2 ! 2
2:3 23 12 48 23 25 b
3.8 1.5 3 |4 64 17 47
4.8 1.0 516 74| 16 58
8.0 3.2 7 6 108 16 92
10.0 2.0 8 |9 |118 | 12 106 L
1255 2.5 10 (11 132 8 124
14.0 1.5 12 142 142 13 1 1
15.8 1.8 14 150 150 15 40 40
16.0 0.2 16 | 17 62 88 26
1750 = 1.0 18 180 180 21 204 204 1
19 |20 164 |176 12
18.7 1.7 |25 |26 | 70 |254 184 17 |22 | 88 | 142 56 )
26 185 185 23 238 238
19.0 0.3 31 192 192 27 | 28 148 | 214 66 |
29 293 293 33 292 292
25 130 254  |308 546 32 290 290
crack left side of centerline D crack right side of centerline D
19.0 19.0 1 104 104 4 190 190
5 2 70 110 40 o
6 136 192 56
7 136 186 50

Test 27 - page




Bottom 1

1412 10

Bottom 2

Test 27 - page 1
loadrange -300/300 kN
frequency 2 Hz

D = 457.2
B=1
= 1

crackgrowth between :
2.3 % 10%/1.6 % 107 cycles

80¢-§



Bottom 1

Test 27 - page 2
loadrange -300/300 kN
frequency 2 Hz

D = 457.2
B=1
T=1

crackgrowth between :
1.6 % 107/1.87 % 107cycles

60¢-9



Bottom 1

31 18
xzzf’f'141l1o 37 53 1 i e g Test 27 - page 3

loadrange -300/300 kN
" frequency 2 Hz

D = 457.2 _
=1
i =1

crackgrowth between :
1.87 % 107/1.9 % 107cycles

Bottom 2

01¢-§
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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 [rom ] crack tip[centerline [mm]
% 10° | 10° [mm] e

1 2 1 2 1 2 1 2
7o | 7:1 1 4 140 360 _ 220 5 400 400

2 3 320 470 6 8 230 340

7 340 340




Bottom 1

Test 28 - page 1
loadrange -650/650 kN
B frequency 1.3 Hz
D = 457.2

g =1

b=

D ‘ 7.1 % 107 cycles

r=1

crack at :
5

Bottom 2

¢1¢-S



5-213
TEST SPECIMEN 29

Bottom 2

crack left side of centerline D

crack right side of centerline D

total increase|location |length crack|total crack lécation length crack|total crack

number of|of of tip to length of tip to length

cycles cycles crack tip|centerline (mm ] crack tip|centerline [mm]
[mm ] [mm ]

%1% %1% | 1 2 1 2 12 1 2

1.48 1.48 1 107 107 2 178 178

1.5 0.02 3 124 124 4 203 203

1.6 Qe 5 154 154 6 212 212

1.7 0.1 7 184 184 8 249 249

1.79 0.09 9 204 204

1.96 0.17 10 234 234 11 279

279




i Bottom 1

Bottom 2

"Tesf 29 ;-page 1

loadrange -440/440 kN

frequency 2 Hz

. D=457.2
=1
T=1

crackgrowth between :

1.48 % 10%/1.96 ¥ 10

6

cycles

AR
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TEST SPECIMEN 30

crack left side of centerline B -

crack right side of centerline B

total increase|location |length crack|total qrack location |length crack|total crack
number of|of of tip to length of tip to length
cycles cycles crack tip|centerline [mm ] crack tip|centerline [mm]
6 6 . [mm] [mm ]
% 10. % 10 1 2 g 2 1 9 1 9
1.2 1.2 1 30 30 ? 110 110
F . : ]

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

1.2 1.2 L= 150 150 2 200 200




~ Test 30 - page 1
loadrange -440/440 kN
frequency 2 Hz

D = 457.2
B=1

T = 0.55
crack at :

1.2 %—106cyc1es

ané=g
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TEST SPECIMEN 31

Top 1

crack left side of centerline B

crack right side of centerline B

total increase|location |length crack|total crack ldcation length crack|total crack
number of |of of tip to ‘ length of tip to length
cycles cycles |crack tip|centerline [mm ] crack tip|centerline (mm]
6 6 [mm] [mm]

* 10 * 10 12 i 2 102 12

3.9 3.9 1 48 21 27

4.2 0.3 3 61 16 45

4.6 0.4 5 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 11 112 172

6.9 0.3 12 180 180
» 7.2 0.3 13 187 187 14 17 17

8.0 0.8 15 192 192

8.3 0.3 16 203 203 )

8+h 0.2 17 207 207 18. 30 30

Test 31 - page
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TEST SPECIMEN 31

Top

2

crack left side of centerline B

crack right side of centerline B

location

total increase|location |[length crack|total crack length crack|total crack
number of |of of tip to length of tip to length
cycles cycles |crack tip|centerline (mm ] crack tip|centerline [mm]
6 p (mm] (mm]
* 10 * 100 1 1 2 12 1 2 12
3.6 3.6 1 27 27 2 24 24
3.8 0.2 3 31 31 4 39 39
3.9 0.1 5 35 35 6 48 48
4.2 0.3 7 43 - 43 8 98 98
9 140 140
4.6 0.4 10 53 53 11 151 151
5.2 0.6 12 178 178
5.6 0.4 13 68 68 14 190 190
59 0.3 185 76 76 16 200 200
6.1 0.2 ' 17 205 205
6.1 18 230 230~
6.6 0.5 19 215 215
6.6 20 245 245
6.9 0.3 21 83 83 22 220 220
6.9 23 260 260
¥ 2 0.3 24 100 100 25 225 225
7.2 26 275 275
8.0 0.8 27 224 224 28 238 238
8.0 29 289 289
8.3 0.3 30 249 249 32 317 317
8.3 31 177 177
8.5 0.2 33 261 261 34 339 339
S
(=8
|
-
5
—
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TEST SPECIMEN 31

Bottom 2

crack left side of centerline ]

crack right side of centerline

total increase|location |length crack|total crack ldcation length crack|total crack
number of|of of tip to length of tip to length
cycles cycles |crack tip|centerline [mm ] crack tip|centerline [mm]
[mm ] [mm]
% 10% | % 108
4 2 1 2 1 2 1 2
8.5 8.5 1 2 19 165 146 —

Test 31 - page
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Test 31 - page 1
loadrange -270/270
frequency

D = 457.2

=1

T = 0.55

kN RMS

crackgrowth between :

3.6 % 10%/8.5 % 10°

24, 17 2% 18

16 '18 25

cyt]es

02¢-§



Bottom 1

Test 31 - page 2,
loadrange -270/270 kN RMS
frequency

D = 457.2

B =1

T = 0.55
crackgrowth at :

8.5 %-106cyc]es

Bottom 2

1¢¢-§
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TEST SPECIMEN 32

Top

crack left side of centerline B

crack right side of centerline B

total increase|location |length crack|total cfack ldcation length crack|total crack
number of|of of tip to length of tip to length
cycles cycles |crack tip|centerline [mm ] crack tip|centerline [mm]
% 10% | x% 108 (] (]
. i 2 1 2 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 6 6
2.4 0.4 7 109 109 17 17
2.9 0.5 9 150 150‘ 10 30 30 ~
3.5 0.6 11 163 163 12 69 69
| 3 110 110
4.0 0.5 14 190 190 15 176 176
4 0 16 202 202 17 193 193
18 205 - 205 19 203 203
crack left side of centerline D crack right side of centerline D
. -
1.8 1.8 1 60 60 2 40 40
1.9 0.1 3 71 71 a4 57 57
2.0 0.1 5 76 76 6 78 78
2.4 0.4 7 85 85 8 90 90 '
2.9 0.5 |9 91 91 10 108 108
35 0.6 11 101 101 12 128 128
4.0 0.5 13 106 106 14 142 142
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TEST SPECIMEN 32

Bottom

2

crack left side of centerline B

crack right side of centerline B

location

length crack

total crack

total increase|location |[length crack|total crack
number. of |of of tip to length of tip to length
cycles cycles crack tip|centerline [mm ] crack tip éenterline [mm]
. [mm] [mm]
% 10 % 10° 1.2 1 2 12 1 2
1 125 0
3.5 3:5 2 3 26 163 137
4 150 o
4.0 0:5 5 182 182 6 182 182
4.2 0.2 7 197 197 8 192 192
4.3 0.1 9 240 240 215 215

10

Test 32 - page




I 17 19

Test 32 - page 1
loadrange -330/330 kN RMS

frequency
D = 457.2
g =1

T = 0.55

crackgrowth between :
1.8 % 10%/ 4.3 % 10%ycles

vd¢-§



‘Bottom 1

La!

Test 32 - page 2 '
loadrange -330/330 kN RMS

frequency
D = 457.2
B =1

T = 0.55

crackgrowth between :
3.5 % 109/4.3 % 100¢ycles

Bottom 2

g ————

§¢2+S
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TEST SPECIMEN 33

Top 2

crack left side of centerline D crack right side of centerline D
total increase|location ([length crack|total crack ldcation length crack|total crack
number of|of of tip to length of tip to length
cycles cycles crack tip|centerline [mm] crack tip|centerline [mm]

% 10% | % 10° [mm] [mm]

| i 2 1 2 1 2 1 2
T

1.4 s 2 41 28 13

1.8 0. 3 152 152 4 22 22

23] 0. 180 180 6 26 26 ~—
2.1 0 7 8 23 43 20

2:2 0.1 9 | 10 10 58 41 1

12 2

2.4 : 11 184 184 13 90 90

2.6 0.2 14 187 187 18 125 ‘ 125 S\
2=l 0.1 16 192 192 17 185 185

Test 33 - page




Test 33 - page 1
loadrange -377/377 kN

frequency 2 Hz

D = 457.2
B =1
T = 0.55

crackgrowth between :
1.4 % 10%/2.2 % 108 cveles

L2¢-9



- Test 33 - page 2
- Toadrange -377/377 kN
frequency 2 Hz

D = 457.2 i N
B=1
T = 0.55

crackgrowth between :
2.2 % 10%/2.7 % 10° cycles

82¢-§



i1

crack left side of centerline D

location |increase length crack|increase total
of of tip to of number of
crack tip|ecrack length|centerline cycles |cycles
(mm) (mm) % 100 fe 10°
1 35 33 5.500 5.500
3 Ll i .1.500 7.000
5 60 157 1.500 8.500
7 63 200 1.000 9.500
9 65 265 1,000 10,500
11 4y 309 1,000 | 11.500
13 47 356 1,000 | 12,500
15 40 396 1,000 | 13.500

TEST SPECIMEN 34
load range 0 - lﬁp kN

frequency 6 Hz
N = 14,000,000 cycles

Loaded brace

ABCDEFGH!

BOTTOM
: B

A = 4,000,000
B = 5,500,000
c = 7,000,000
D = 8,500,000
E = 9.,500.000

F =10,500.000
G =11,500.000
H =12,500,000

I =13,500,000

e 18 .
crack }ight side.o[ centerline D
location "|increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
(mm) (mm) * 103 * 103
2-4 24 ()34 4,000 4,000
6 18 52 1,500 5.500
39 87 1,500 7.000
10 75 162 1,500 8,500
12 38 200 1,000 9.500
14 55 255 1,000 10,500
16 46 301 1.000 11,500
18 37 338 1.000 12,500
20 42 380 1,000 13.500

6¢¢-S



crack left side of centerline D

location

increase

length crack

increase

total

TEST SPECIMEN 35

load ran.ge 0 - 400 kN
frequency 3 Hz

N = 850,000 cycles

crack right side of centerline D

of of tip to of number of
crack tip|crack 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 0 228 50,000 | 550,000
15 25 253 100,000 | 650.000
17 58 311 100,000| 750,000
crack left side of centerline B
1-3 45 (3)65 150,000 | 150,000
5 10 75 50,000 | 200,000
7 70 145 50,000 | 250,000
9 40 185 150,000 | 400,000
11 16 201 100.000( 500,000
13 16 217 50,000} 550,000
15 25 242 100,000 | 650,000

BOTTOM

= 150,000
= 200,000
= 250,000
= 300,000
400,000
= 500,000
= 550,000
= 650,000
= 750,000

L=~ - I I < I — I > T - -
n

location |increase fength crack [increase lotal

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(mm) (mm)

2 25 25 250,000 | 250,000
L 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
12 40 310 100,000 | 650,000
14 22 332 100,000 750,000

crack right side of centerline B
2 90 90 200,000 | 200,000
L 20 110 50.000| 250,000
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

PEZ=S



crack left side of centerline B

TEST SPECIMEN 35
load range 0 - 400~

frequency 3 Hz

N

850,000 cycles

location |increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cycles
() (mm)
1 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 14 215 50,000 400,000
11 35 250 50.000| 450,000
13 0 250 50,000| 500,000
15 25 275 100,000 600,000
17 15 290 150.000( 750,000
crack left side of centerline B
1 100 100 200,000| 200,000
3 30 130 50.000| 250,000
5 25 155 50,000 300,000
7 0 155 50.6000| 350,000
9 23 178 50.000| 400,000
11 35 213 50.000| 450,000
13 10 22 50.000( 500.000
15 28 251 100,000 ‘600,000
17 0 851 150.000| 750,000

oo " e o w e

—

Loaded brace

BOTTOM 2

200,000
250,000
300,000
350,000
400,000
450,000
500,000
600,000

750,000

ABCDEFGH!

crack right side of centerline B

location |increase length crack|incercase|total

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(o) (mm)

2 60 60 206.000 200,000
4 26 86 50.000( 250,000
6 30 116 50.000| 300,000
8 16 132 50.000( 350,000
10 38 170 50,000 400,000
12 35 205 50.000( 450,000
14 12 ‘ 207 50,000 500,000
16 22 239 100,000/ 600.000
18 0 239 150,000/ 750,000

crack right side of centerline B
2 65 65 200,000{ 200,000
4 26 91 50.000| 250,000
6 65 156 50,000( 300,000
8 12 168 50,000 350,000
10 2 200 50,000/ 400,000
12 15 215 50.000| 450,000
14 10 225 50,000/ 500,000
16 ’ 15 240 100,000/ 600,000
18 30 270 150,000( 750,000

1€2-5




TEST SPECIMEN 36

5=232

Top 2

crack left side of centerline D

crack right side of centerline D

total increase|location |length crack|total crack lécation length crack|total crack
number of |of of tip to length .| of tip to length
cycles cycles crack tip|centerline (mm ] crack tip|centerline [mm]
% 10° | % 10 » L [mm]
1 2 1 2 1 2 1 2
3.2 3.2 1 2 62 32 30
4.3 1.1 3 4 95 21 74
50 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 17 | 13 13
19.7 1.1 18 227 227 19 15 15
20.3 0.6 20 228 228 21 id 17
21.4 1.1 22 230 230 ’




Test 36 - page -1
loadrange -260/260 kN
frequency 3Hz

D = 457.2
g=1
T = 0.55

crackgrowth between :
3.2 % 10%/ 2.14 % 107cycles

€€2-§



TEST SPECIMEN 37

5-234

TOP

crack left side of centerline B

crack right side of centerline B

length crack

total increase|location |length crack|total crack ldcation total crack
number of|of of tip to length of tip to length
cycles cycles |crack tip|centerline [mm] crack tip|centerline [mm]

. . (mm] [mm]
% 10 * 10 12 1 2 1 2 1 2
3.9 3.9 1 23 10 13
4.0 0.1 3 26 8 18
4.2 0.2 5 33 | 1 32 n
4.6 0.4 7 89 89 8 11 11
4.9 0.3 9 113 113 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 o
7.4 0.7 |17 195 195 18 31 3l
8.2 0.8 | 19 213 213 20 41 41
crack left side of centerline D crack right side of centerline D
4.2 4.2 - 1 2 62 127 65 ]
4.2 3 4 115 148 33
4.6 0.4 5 6 43 134 gl =
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 13| 14 22 198 176«
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

Test 37 - page
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TEST SPECIMEN 37
Bottom

crack left side of centerline B

crack right side of centerline B

location

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

number of [of of tip to length of tipAtb length

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

(mm] [mm ]

% 10° % 10° 102 1 2 12 1 2
5.3 5.3 1 2 60 73 13 W
6.1 0.8 3 4 52 82 30
6.7 0.6 5 6 47 93 46 @
7.4 0.7 7 8 | 42 |103 61
8.2 0.8 9 10 30 175 145 |

crack left side of centéerline D crack right side of centerline D
7.4 7.4 1 | 2| 75 |19 115 |
8.2 0.8 3 4 108 185 77 i

8.2 5 6 60 195 135

Test 37 - page




Test 37 - page 1
loadrange -300/300 kN
frequency 3 Hz

D = 457.2
=1
T =0.55

crackgrowth between :

3.9 % 10%/ 4.6 % 10%cycles

9€2-§



. D

1
|
i
1
i

b7

Top 2

T —

Test 37 - page 2
loadrange - 300/300 kN

frequency 3 Hz

= 457.2
=1
T = 0.55

crackgrowth between :
2.9 % 10%/ 8.2 % 10%¢ycles

4 16 18

L€2-G



Bottom 1

Bottom 2

Test 37 - page 3
loadrange -300/300
frequency 3 Hz

D = 457.2
B=1
T = 0.55

kN

crackgrowth between :

5.3 % 10%/ 8.2 % 10

6cyc]es

8E€C-§



5~239

TEST SPECIMEN 38

Top 1

crack left side of centerline B

crack right side of centerline B

location

total increase|location |length crack|total crack length crack|total crack
number of |of of tip to length of tip to length
cycles cycles |crack tip|centerline (mm ] crack tip|centerline [mm]
(mm] [mm ]
%100 | %100 | 1 2 1 2 12 12
5.3 5.3 1 2 52 40 12 3 4 100 | 122 22
5.4 0.1 5 | 6 56 | 36 20 i
5.6 0.2 7 8 86 24 62 A
5.8 0.2 9 96 96 10 4 2
5.8 11 ] 12 95 | 130 35
. 13 142 142 '
6.7 0.9 14 160 160 16 11 11
6.7 15 156 156 17 118 80 | 140 60
7.0 043 19 184 ‘184 21 20 20
7.0 20 174 174 22 | 23 54 | 154 100
746 0.6 24 208 208 . 27 34 34 o
7.6 25 202 202
7.6 26 186 186
7.6 28 14 14 29 176 176
8.1 0.5 30 216 216 33 46 46
8.1 | 31 252 252
8.1 32 200 200
8.1 34 66 66 35 222 222
36 80 80 i
0.4 37 262 262 40 48 48
38 314 314 41 240 240 @
39 208 208 42 254 254
2
o,
|
&
0
2




TEST

5-240
SPECIMEN 38

Top 2

crack left side of centeriine D

crack right side of centerline ]

total increase|location |length crack|total crack ldcation length crack|total crack

number of |of of tip to length of tip to length

cycles cycles crack tip|centerline (mm] crack tip|centerline [mm]

6 6 [mm] [mm]

% 10 % 10 1 2 1 2 1 2 5] 2 _

4.8 .8 1 16 16

5.0 .2 3 23 23

5.3 . 5 40 40 16 16

5.3 7 8 90 34 56

5.4 0.1 9 52 52 10 20 20 7

5.4 11 8 | 100 34 66

5.6 0.2 12 60 60 13 26 26

5.6 14 8 120 34 86

15 70 70

5.8 16 132 132 17 30 30

6.7 18 158 158 20 40 40

6.7 19 156 - 156

7.0 o3 21 188 188 22 51 51

7.6 6 .23 202 202 24 56 56

7.6 25 8 8

8.1 0.5 26 214 214 29 72 72

8.1 27 178 178

8.1 28 2 2

8.5 0.4 30 226 226 32 9 9 LS

8.5 31 178 178 33 96 96
)
o
©
Q.
1
fes)
o
A5
o
l—




Test 38 - page 1

loadrange -287/287 kN

frequency 3 Hz

D = 457.2
B =1
T =0.55

crackgrowth betwee
4.8 % 10%/5.6 % 10

n :

6 cycles

1%2-§



Test 38 - page 2
loadrange -287/287 kN
frequency 3 Hz

D = 457.2
g=1
T = 0.55

crackgrowth between :

5.8 % 108/8.1 % 10° cycles

eve-9



38

37

33

36

\

Test 38 - page 3
loadrange -287/287 kN
frequency 3 Hz

D = 457.2

B =1

T =0.55

crackgrowth at :

8.5 % 10°

€ve-G



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 cycles
(mm) (mm) * 103 * 103
(1-3) 15 (3)30 3.000 | 3.000
B 40 55 4,000 7.000
7 65 120 1.500 8,500
9 35 155 1,000 9.500
11 89 244 2,000 11,500
13 20 264 2,000 13.500
15 5 269 500 | 14,000
17 18 287 1,000 15.000
19 7 364 9.000 24,000
19

TEST SPECIMEN 39

load range 0 -150 kN‘
frequency 6 Hz

N = 26,000,000 cycles

Loaded brace

crack right side of centerline B

ABCDEFGHI
1

7. T
5
w’_‘/—f"

A= 3,000,000
= 7.000,000
c= 8,500.000
D= 9.500.000
E= 11,500,000
F= 13,500,000
G= 14,000,000
H= 15,000,000
= 24,000,000

0 14
8
BOTTOM 1 5
B
6

location |increase length crack|increase| total
of of tip to of number of
crack tip|crack length|centerline. |cycles cycles
(mm) (mm) * 103 *x 103
2 15 15 7.000 7.000
4 49 64 1,500 8.500
6 76 140 1.000 9.500
8 102 242 2,000 11.500
10 34 276 2,000 | 13.500
12 20 262 500. | 14,000
14 25 287 1.000 15,000




crack left side of

centerline D

TEST SPECIMEN 40

load range 0 -390 kN

frequency 3 Hz
N = 730.000 cycles

n::::::::

EFGH
Loaded brace AB?? Al

location |increase length crack|increase|total
of of tip to of number of
crack tip|crack length|centerline cycles cyclcs
(mm) (mm)
(1-3) 15 (3)30 275.000| 275,000
5 20 50 50.000| 325.000
7 15 65 25,000| 350,000
9 20 85 100.000| 450,000
11 0 85 50,000 500,000
crack left side of centerline B
{1=3) 12 (3)60 100,000| 100,000
5 63 75 25.000| 125.000
7 45 120 100.600( 225,000
9 32 152 50.000| 275.000
11 11 163 50,000 325,000
13 47 210 25.000| 350,000
15 36 246 100,000 450,000
17 20 268 50.000| 500,000

N——

]

BOTTO/
n
—i b

. G=

A=

100,000
125,000
225,000
275.000
325.000,
350,000
450,000
500,000

B=
C=
D=
E=

F=

H=

crack right 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)
(2-4) 8 (u)28 275,000 275.000
crack rigth side of centerline B
(2-4) 30 (4)65 100,000 | 100,000
65 95 25,000 | 125.000
8 31 126 100,000(| 225,000
10 0 126° ' 50,000 275,000
12 48 174 50,000 | 325,000
14 45 219 25,000 350,000
16 2 244 100.000 | 450,000
18 2 276 50,000 | 500,000

Gy2-S



crack left side of

centerline D

TEST SPECIMEN

load range 0 -

frequency 3 Hz
N = 730.000 cy

Loaded

40
390 kN

cles

ABCDEFGH
|

location |increase length crack|increase|total

of of tip to of number of

crack tip|crack length|centerline cycles cycles

(mm) (mm )

1 15 15 275.000| 275.000
3 14 29 50,000| 325,000
5 55 84 50,000| 375.000
7 57 141 75.000| 450,000
9 0 141 25,000 475.000

crack left side of centerline B
1 50 50 100.000| 100,000
3 30 80 125,000 225,000
5 45 125 50,000( 275,000
7 57 182 50,000( 325,000
9 40 202 50,000( 375,000
11 61 283 75.000| 450,000
13 0 283 25,000| 475,000
15 38 321 25,000| 500.000

5

3

= 100,0
B= 225.0
= 275.0
= 325,0
E= 375,0
F= 450,0
G= 475.0

= 500,0

brace
BOTTOM 2
B

\1\"‘/—)‘6

1 16
11
8 M

00
00
00
00
00
00
00
00

crack right 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)
2 20 20 275,000 275,000
(4-6) 45 (6)150 200,000 | 475.000
crack right side of centerline B
2 45 ’ 45 100,000 | 100,000
L 10 55 125,000 | 225,000
6 55 110 50.000( 275,000
8 30 140 50,000 | 325,000
10 25 165 50,000 | 375,000
12 58 22 75.000| 450,000
14 20 243 25,000 ( 475.000
16 14 254 25,000 | 500.000

Oi
™
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Appendix 3-1IV

Mode of failures
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