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SUMMARY 

D u r i n g t h e second h a l f y e a r o f 1991 t h e f o l l o w i n g a c t i v i t i e s have been 

c a r r i e d o u t : 

- m a n u f a c t u r i n g o f t h e specimens 

- e r e c t i n g o f t e s t r i g s 

- m a t e r i a l t e s t s 

- f i r s t n i n e f a t i g u e t e s t s on T - j o i n t s c a r r i e d o u t 

- f i n i t e element s t r e s s i n t e n s i t y f a c t o r a n a l y s i s o f 2D w e l d g e o m e t r i e s 

- p i l o t c r a c k g r o w t h c a l c u l a t i o n s 

I n t h e f i r s t h a l f y e a r o f 1992 t h e f o l l o w i n g a c t i v i t i e s a r e p l a n n e d : 

- f i n a l i z i n g t h e m a n u f a c t u r i n g o f t h e specimens 

- f u r t h e r e x e c u t i o n o f e x p e r i m e n t s 

- c r a c k g r o w t h c a l c u l a t i o n s 

The p r e l i m i n a r y c o n c l u s i o n s f r o m t h e n i n e f a t i g u e t e s t s on T - j o i n t s a r e 

t h a t t h e r e s u l t s o f t h e t e s t s a t ambient t e m p e r a t u r e a r e t h e same as f o r 

the e a r l i e r t e s t s on normal s t r e n g t h s t e e l ( S t 52) and t h e r e s u l t s o f 

th e t e s t s a t low t e m p e r a t u r e (-20°C) are b e t t e r t h a n t h e r e s u l t s o f t h e 

t e s t s a t ambient t e m p e r a t u r e . 
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1 INTRODUCTION 

The i m p r o v e d t e c h n i q u e s i n s t e e l f a b r i c a t i o n make a v a i l a b l e economic 

p r o d u c t i o n o f h i g h s t r e n g t h s t e e l s w i t h a good w e l d a b i l i t y . The use o f 

t h i s h i g h s t r e n g t h s t e e l s l e a d s t o w e i g h t r e d u c t i o n and more e c o n o m i c a l 

s o l u t i o n s i n t h e d e s i g n . 

The i n c r e a s e o f t h e s t r e s s l e v e l i n t h e s t r u c t u r e , combined w i t h a 

r e d u c t i o n o f t h e due l o a d g i v e s h i g h e r s t r e s s v a r i a t i o n s i n t h e 

s t r u c t u r e due t o t h e e x t e r n a l l o a d s . The^e h i g h e r s t r e s s v a r i a t i o n s 

( s t r e s s r a n g e s ) make f a t i g u e more o f t e n t h e g o v e r n i n g l o a d case f o r t h e 

d e s i g n . T h e r e f o r e a d d i t i o n a l r e s e a r c h i n t h e f i e l d o f f a t i g u e o f h i g h 

s t r e n g t h s t e e l s i s r e q u i r e d . 

The h i g h e r s t r e s s l e v e l s i n a h i g h s t r e n g t h s t e e l s t r u c t u r e make t h e 

s t r u c t u r e more s e n s i t i v e t o u n s t a b l e c r a c k g r o w t h . T h e r e f o r e b r i t t l e 

f r a c t u r e needs a l s o f u r t h e r i n v e s t i g a t i o n . 

B r i t t l e f r a c t u r e m o s t l y i n i t i a t e s f r o m a f a t i g u e c r a c k a t a peak l o a d i n 

t h e l o a d s p e c t r u m . So i t seems n e c e s s a r y t o combine f a t i g u e - and b r i t t l e 

f r a c t u r e - t e s t i n g o f s t r u c t u r a l components under t h e e x p e c t e d most s e v e r e 

b u t r e a l i s t i c c i r c u m s t a n c e s w i t h h i g h l o a d s and low t e m p e r a t u r e s . 

F a t i g u e c r a c k s n o r m a l l y i n i t i a t e a t g e o m e t r i c a l d i s c o n t i n u i t i e s such as 

w e l d e d d e t a i l s . T h e r e f o r e t h e p rogram i s c o n c e n t r a t e d on w e l d e d 

c o n n e c t i o n s . So t h e g e n e r a l o b j e c t i v e o f t h i s r e s e a r c h i s t o 

i n v e s t i g a t e t h e f a t i g u e and f r a c t u r e b e h a v i o r o f w e lded c o n n e c t i o n s i n 

h i g h s t r e n g t h s t e e l under a r e a l i s t i c f a t i g u e l o a d i n g and a t low 

t e m p e r a t u r e s . 

The geometry o f t h e t e s t specimens and a r e v i e w o f t h e t e s t programme 

a r e g i v e n i n f i g u r e 1 and t a b l e 1. 
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2 WORK IN PROGRESS 

2.1 G e n e r a l 

D u r i n g t h i s f o u r t h p e r i o d o f t h e p r o j e c t t h e f o l l o w i n g a c t i v i t i e s have 

been c a r r i e d o u t : 

- m a n u f a c t u r i n g o f t h e specimens 

- e r e c t i n g o f t e s t r i g s 

- f i r s t t e s t s c a r r i e d o u t 

- f i n i t e e l e m e n t s t r e s s i n t e n s i t y f a c t o r a n a l y s i s o f 2D w e l d g e o m e t r i e s 

- p i l o t c r a c k g r o w t h c a l c u l a t i o n s 

I n 2.2, 2.3 and 2.4 d e t a i l e d i n f o r m a t i o n a b o u t t h e s e s u b j e c t s a r e g i v e n . 

I n t h e n e x t p e r i o d t he f o l l o w i n g a c t i v i t i e s a r e p l a n n e d : 

- f i n a l i z i n g t h e m a n u f a c t u r i n g o f t h e specimens 

- f u r t h e r e x e c u t i o n o f e x p e r i m e n t s 

- c r a c k g r o w t h c a l c u l a t i o n s 

2 2 M a n u f a c t u r i n g o f t e s t specimens and m a t e r i a l t e s t s 

The t e s t specimens were welded a c c o r d i n g t o s t r i c t g u i d e l i n e s and 

w e l d i n g p r o c e d u r e s . 

For t h e T - j o i n t s (T40 and T70) t h e f o l l o w i n g g e n e r a l c o n d i t i o n s have t o 

be met (see ap p e n d i x A f o r more d e t a i l s ) : 

- o v e r a l l w e l d a n g l e between 60° and 70° 

-maximum l o c a l w e l d t o e a n g l e 85° 

-no u n d e r c u t s 

-no a r c s t r i k e s on the p l a t e 
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-no g r i n d i n g on f i n a l w e l d t o e 

-cap welds i n 3G p o s i t i o n 

For t h e b u t t w e l d specimens (SB40, SB70, LP40 and LP70) t h e g e n e r a l 

c o n d i t i o n s were chosen i n such a way t h a t t h e f a t i g u e c r a c k w i l l grow 

i n t o t h e HAZ (as a l r e a d y p o i n t e d o u t i n i n t e r i m r e p o r t no 2 ) . I n 

a p p e n d i x B more d e t a i l s o f t h e w e l d p r e p a r a t i o n and t h e r u n sequence can 

be f o u n d . 

The f r a c t u r e toughness o f t h e base m a t e r i a l was d e t e r m i n e d by CTOD t e s t s 

on t h e 70 mm t h i c k p l a t e m a t e r i a l . T e s t s were c a r r i e d o u t a t -20°, -40°, 

-60° and -80° C. The r e s u l t s show a good CTOD l e v e l f o r a l l t h e t e s t 

t e m p e r a t u r e s (see f i g u r e 2 and a p p e n d i x C). The l o w e s t CTOD v a l u e 

measured was 0.19 mm a t -80° C. 

2.3 E x p e r i m e n t s 

2.3.1 G e n e r a l 

D u r i n g t h i s f o u r t h p e r i o d t h e f a t i g u e t e s t s have s t a r t e d and a t o t a l o f 

9 T - j o i n t s have been t e s t e d , v i z : 

2 specimens o f t h e T40C-I- t y p e a t IPL-TNO 

3 specimens o f t h e T70C+ t y p e a t TNO B u i l d i n g and 

C o n s t r u c t i o n Research 

4 specimens o f t h e T70C- t y p e a t D U T - C i v i l E n g i n e e r i n g 

A l l t e s t s have been c a r r i e d o u t i n f o u r p o i n t b e n d i n g . The i n n e r span i n 

the t e s t r i g was 7 * p l a t e t h i c k n e s s and t h e o u t e r span was 21 * p l a t e 

t h i c k n e s s . 

An o v e r v i e w o f t h e r e s u l t s can be seen i n t a b l e 2 and f i g u r e 3. 
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I n f i g u r e 3 two r e f e r e n c e c u r v e s based on p r e v i o u s work on n o r m a l 

s t r e n g t h s t e e l a r e drawn. The 40 mm t h i c k specimens t e s t e d a t a m b i e n t 

t e m p e r a t u r e a r e below t h e r e f e r e n c e c u r v e , t h e 70 mm t h i c k specimens 

t e s t e d a t amb i e n t t e m p e r a t u r e a r e on t h e r e f e r e n c e c u r v e and t h e 70 mm 

t h i c k specimens t e s t e d a t -20° C are above t h e r e f e r e n c e c u r v e . 

Some more e x p e r i m e n t a l d e t a i l s a r e g i v e n i n s e c t i o n 2.3.2. I n s e c t i o n 

2.3.3 some i n f o r m a t i o n on t h e spe c t r u m l o a d (WASH) as t o be used a t t h e 

T e c h n i c a l U n i v e r s i t y a t Eindhoven w i l l be g i v e n . 

2.3.2 E x p e r i m e n t a l d e t a i l s 

2.3.2.1 Dimensions 

The most i m p o r t a n t d i m e n s i o n s o f t h e specimens a r e d e f i n e d i n f i g u r e 4. 

The measured d i m e n s i o n s o f t h e t e s t specimens a r e g i v e n i n t a b l e 3. 

2.3.2.2 S t r a i n gage measurements 

A l l specimens were p r o v i d e d w i t h s t r a i n gages. 

The minimum number o f s t r a i n gages on a specimen a re 3. One gage f o r an 

o v e r a l l c o n t r o l o f t h e l o a d and a t each w e l d t o e ( l e f t and r i g h t s i d e o f 

th e s t u b ) one gage f o r c r a c k d e t e c t i o n . 

Some j o i n t s a r e p r o v i d e d w i t h more gages t o check the s t r a i n 

d i s t r i b u t i o n and the w o r k i n g o f t h e t e s t r i g i n more d e t a i l . 

F i g u r e 5 showed an example o f t h e more complex s t r a i n measurements on 

specimen T70C-/1. The s t r a i n gages f o r c r a c k i n i t i a t i o n a r e a t a 10 mm 

d i s t a n c e f r o m t h e w e l d t o e , w h i l e t h e gages f o r l o a d and t e s t r i g 

c o n t r o l a r e a t a d i s t a n c e o f the p l a t e t h i c k n e s s from t h e w e l d t o e . 

A n e a r l y p e r f e c t s t r a i g h t l i n e under 45° was fo u n d f o r specimen T70C-/1 

f o r t h e r e l a t i o n between the n o m i n a l s t r a i n ( c a l c u l a t e d f r o m t h e a p p l i e d 

l o a d ) and the measured s t r a i n a t the t o p o f the specimen (see f i g u r e 6 ) . 
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D u r i n g t h e f a t i g u e t e s t s t r a i n measurements were c a r r i e d o u t a t r e g u l a r 

i n t e r v a l s . F i g u r e 7 and 8 show t h e change i n s t r a i n range o f t h e gages 

ne a r t h e w e l d t o e f o r specimen T70C+/2 and T70C+/3. The s t r a i n r ange 

s t a r t s a t a v a l u e above t h e n o m i n a l s t r a i n (as g i v e n i n t a b l e 2) due t h e 

s t r e s s r a i s i n g e f f e c t o f t h e w e l d t o e . 

The v e r t i c a l l i n e s i n t h e s e graphs g i v e s t h e number o f c y c l e s a t w h i c h a 

c r a c k m a r k i n g was c a r r i e d o u t . The p r o c e d u r e o f t h i s c r a c k m a r k i n g and 

how t h e number o f c y c l e s i s c o r r e c t e d f o r t h i s i s d e s c r i b e d i n s e c t i o n 

2.3.2.3. As can be seen i n f i g u r e 7 and 8 t h e c r a c k m a r k i n g does n o t 

d i s t u r b t h e s t r a i n range c u r v e . From t h i s i t can be c o n c l u d e d t h a t t h e 

c r a c k m a r k i n g does n o t d i s t u r b t h e f a t i g u e t e s t . 

2.3.2.3 Crack measurements 

D u r i n g t h e f a t i g u e t e s t the f o l l o w i n g c r a c k measurements were c a r r i e d 

o u t : 

a V i s u a l c r a c k measurement a t t h e s u r f a c e o f t h e specimen 

b A l t e r n a t i n g C u r r e n t P o t e n t i a l Drop (ACPD) c r a c k d e p t h 

measurements 

c Crack m a r k i n g by c h a n g i n g t h e l o a d range 

d Crack o p e n i n g d i s p l a c e m e n t (COD) measurements 

The f i r s t two methods (a and b) were used t o f i n d t h e f i r s t s m a l l 

c r a c k s ( c r a c k i n i t i a t i o n ) , t o c o n t r o l t h e f a t i g u e t e s t and t o d e c i d e 

w h e t h e r a c r a c k m a r k i n g or COD measurement was needed. 

The c r a c k m a r k i n g g i v e s t h e most r e l i a b l e and c o m p l e t e i n f o r m a t i o n o f 

t h e c r a c k shape d u r i n g t h e f a t i g u e t e s t . D u r i n g a c r a c k m a r k i n g 

p r o c e d u r e t h e l o a d range i s t a k e n h a l f the l o a d range o f t h e n o r m a l 

f a t i g u e t e s t . The maximum l o a d i s k e p t the same t o a v o i d r ' ^ t a r d a t i o n 

e f f e c t s . T h i s l o w e r l o a d range g i v e s s m a l l e r c r a c k g r o w t h r a t e s and t h u s 

a d i f f e r e n t appearance o f t h e c r a c k s u r f a c e . Assuming a s l o p e i n a 

da/dN-AK c u r v e o f 3 the l o a d c y c l e s d u r i n g a c r a c k m a r k i n g p r o c e d u r e a r e 

as e f f e c t i v e as 1/8 ( = ( 1 / 2 ) ^ ) o f the number o f l o a d c y c l e s w i t h a 

normal l o a d range. The t e s t r e s u l t s a re c o r r e c t e d i n t h i s way. 
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F i g u r e 9 and 10 g i v e s t h e c r a c k m a r k i n g s o f specimen T70C+/2 and 

T70C+/3. The number o f c y c l e s a t w i t h t h e c r a c k m a r k i n g s were done can 

be f o u n d i n f i g u r e 7 and 8. 

The COD measurements were c a r r i e d o u t t o i n v e s t i g a t e w h e t h e r c r a c k 

c l o s u r e o c c u r s . F i g u r e 11 shows no c r a c k c l o s u r e i n specimen T70C+/2• 

COD measurements a t specimen T70C-I-/1 and T70C-I-/3 showed no c r a c k c l o s u r e 

i n t h e s e specimens. 

2.3.3 V a r i a b l e a m p l i t u d e t e s t s 

V a r i a b l e a m p l i t u d e t e s t s w i l l be c a r r i e d o u t a t t h e Ei n d h o v e n U n i v e r s i t y 

o f T e c h n o l o g y . T h e r e f o r e t h e WASH.l g e n e r a t o r was b u i l t and t e s t e d i n 

t h i s p e r i o d . 

T h i s g e n e r a t o r c o n s i s t s o f two p a r t s : 

a. d a t a - g e n e r a t o r 

b. s i g n a l - g e n e r a t o r 

The d a t a - g e n e r a t o r r e a d s t h e d a t a (peaks and v a l l e y s ) f r o m t h e Wave 

A c t i o n S t a n d a r d H i s t o r y , w h i c h a r e s t o r e d on an eprom d i s k and t r a n s f e r s 

t h e s e t o t h e s i g n a l - g e n e r a t o r . 

The WASH.l s p e c t r u m i s d e v e l o p e d by t h e LBF-Darmstadt, and lABG-

O t t o b r u n n , and i s d e s c r i b e d i n L B F - r e p o r t FB-181 

I t i s a s t a n d a r d i z e d l o a d h i s t o r y f o r s t i f f and f l o a t i n g p l a t f o r m s , and 

i t c o n t a i n s a f i x e d sequence o f 5.10^ c y c l e s (10 e x t r e m e s ) . 

WASH.l c o n t a i n s a v a r i a b l e l o a d h i s t o r y composed o f a d e f i n e d s e r i e s o f 

s i x s e a s t a t e s , c o r r e s p o n d i n g t o l o n g t e r m o b s e r v a t i o n s on N o r t h Sea 

p l a t f o r m s d u r i n g one y e a r . 

I n t h i s p e r i o d t h e WASH.l g e n e r a t o r was t e s t e d f o r a c c u r a c y and compared 

w i t h t h e WASH-tapes. 

da/dn measurements were c a r r i e d o u t a t R = 0.1 on dummy specimens l o a d e d 

w i t h t h e WASH.l sequence i n o r d e r t o get used t o i t . 
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2,4 F r a c t u r e mechanics 

2.4.1 F i n i t e e l e m e n t s t r e s s i n t e n s i t y f a c t o r a n a l y s e s o f 2D w e l d 

g e o m e t r i e s 

I n t h e f r a c t u r e mechanics p a r t o f t h e p r e v i o u s ECSC/SMOZ programme [ 1 ] 

f i n i t e e l e m e n t a n a l y s i s were c a r r i e d o u t f o r 2D and 3D g e o m e t r i e s . 

For t h e 2D T - j o i n t g e o m e t r i e s a n a l y z e d t h e t h i c k n e s s o f t h e a t t a c h e d 

p l a t e was t h e same as t h e t h i c k n e s s o f t h e main p l a t e . I n t h e p r e s e n t 

programme t h e t h i c k n e s s o f t h e a t t a c h e d p l a t e i s h a l f t h e t h i c k n e s s o f 

th e main p l a t e . There a r e i n d i c a t i o n s t h a t t h e t h i c k n e s s o f t h e 

a t t a c h m e n t ( o r t h e d i s t a n c e L between t h e w e l d t o e s ) has an i n f l u e n c e on 

th e f a t i g u e l i f e o f a T - j o i n t . T h e r e f o r e f i n i t e e l e m e n t s t r e s s i n t e n s i t y 

f a c t o r a n a l y s e s o f 2D w e l d g e o m e t r i e s w i t h v a r i o u s a t t a c h m e n t / p l a t e 

t h i c k n e s s r a t i o s were c a r r i e d o u t . 

The a n a l y s e s were c a r r i e d o u t w i t h t h e same t e c h n i q u e as i n [ 1 ] w i t h t h e 

g e n e r a l p u r p o s e f i n i t e e l e m e n t program DIANA. 

The geometry a n a l y z e d i n [ 1 ] w i t h t / T = 1 (= 4/4) i s g i v e n i n f i g u r e 12, 

w h i l e t h e p r e s e n t e x p e r i m e n t a l geometry w i t h t / T = 1/2 (= 2/4) i s g i v e n 

i n f i g u r e 13. To c o v e r a w i d e r range o f t/T v a l u e s f o u r a n a l y s e s were 

made w i t h t / T r a t i o s o f 1/4 , 2/4 , 3/4 and 4/4. The o t h e r p a r a m e t e r s 

a r e t h e same as i n [ 1 ] f o r geometry C-0-1 (see a l s o t a b l e 4 and f i g u r e 

12 and 1 3 ) . 

The f o u r g e o m e t r i e s were a n a l y z e d f o r membrane and b e n d i n g l o a d cases 

(see f i g u r e 14 and 15) w i t h a n o m i n a l s t r e s s a t t h e s u r f a c e o f 
2 

1 N/mm . Each geometry was a n a l y z e d f o r t h e u n c r a c k e d s i t u a t i o n and f o r 

seven c r a c k d e p t h , r a n g i n g f r o m 0.5 mm t o 35 mm. 
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The f i n i t e e l ement meshes used a re g i v e n i n f i g u r e 16. The s t r e s s 

d i s t r i b u t i o n s i n t h e u n c r a c k e d s i t u a t i o n o f geometry 1/4 and 4/4 near 

t h e w e l d t o e a r e g i v e n i n f i g u r e 17 t o 20. The c a l c u l a t e d s t r e s s i n t h e 

i n t e g r a t i o n p o i n t near t h e w e l d t o e i n t h e main p l a t e a r e summarized i n 

t a b l e 5. These f i g u r e s can be r e g a r d e d as s t r e s s c o n c e n t r a t i o n f a c t o r s 

(SCF) ( n o m i n a l s t r e s s = 1 N/mm ) . As can be seen f o r t h i c k e r a t t a c h m e n t s 

t h e SCF v a l u e s i n c r e a s e and t h e SCF f o r b e n d i n g l o a d i s h i g h e r t h a n f o r 

membrane l o a d . 

The r e s u l t s i n t e r m o f s t r a i n energy r e l e a s e r a t e ( G ) , s t r e s s i n t e n s i t y 

f a c t o r ( K ) , g e o m e t r i c a l c o r r e c t i o n f a c t o r ( f ) and s t r e s s i n t e n s i t y 

c o n c e n t r a t i o n f a c t o r (M^^) a r e g i v e n i n t a b l e 6 t o 9. T a b l e 10 summarizes 

t h e M, f a c t o r s f o r a l l t h e f o u r g e o m e t r i e s . The r e s u l t s a r e a l s o p l o t t e d 

i n f i g u r e 21 t o 26. I t can be seen t h a t t h e M^ f a c t o r s f o r b e n d i n g a r e 

h i g h e r t h a n t h o s e f o r membrane s t r e s s e s and t h a t t h e M ^ f a c t o r s i n c r e a s e 

w i t h t h e t h i c k n e s s o f t h e a t t a c h m e n t . 

2.4.2 P i l o t c r a c k g r o w t h c a l c u l a t i o n s 

F r a c t u r e mechanics f a t i g u e c r a c k g r o w t h a n a l y s i s were c a r r i e d o u t w i t h 

t h e program FAFRAM. The M̂^ f a c t o r s d e t e r m i n e d i n t h e c h a p t e r a r e n o t 

a v a i l a b l e i n FAFRAM a t t h e moment. So, t h e IIW/OMAE M^ f a c t o r s (based on 

PD 6493 and i n f o r m a t i o n i n [ 1 ] ) were used. An o v e r v i e w o f t h e i n p u t 

p a r a m e t e r s i s g i v e n i n t a b l e 11 and append i x D. A p a r t o f t h e r e s u l t s o f 

the c a l c u l a t i o n s a r e p r e s e n t e d i n ap p e n d i x D. A g r a p h i c a l p r e s e n t a t i o n 

o f t h e r e l a t i o n between t h e c r a c k d e p t h and t h e number o f c y c l e s i s 

g i v e n i n f i g u r e 27. The e x p e r i m e n t a l r e s u l t s a r e a l s o p l o t t e d i n f i g u r e 

27. The 2D a n a l y s i s a r e u n d e r p r e d i c t i n g t h e e x p e r i m e n t a l l i f e t i m e as can 

be e x p e c t e d . The 3D a n a l y s i s p r e d i c t t he r e s u l t s o f the t e s t s a t ambient 

t e m p e r a t u r e r a t h e r good. The t e s t a t -20°C showed a l o n g e r l i f e compared 

t o o t h e r e x p e r i m e n t s and the FAFRAM a n a l y s i s . The re a s o n f o r t h i s i s n o t 

known a t the moment. 

The M f a c t o r s o f the p r e v i o u s s e c t i o n w i l l be i n c o r p o r a t e d i n FAFRAM 
K 

and t h e n more a n a l y s i s w i l l be made i n the n e x t p e r i o d . 
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3 P r e l i m i n a r y c o n c l u s i o n s 

The p r e l i m i n a r y c o n c l u s i o n s based on t h e l i m i t e d work done a r e : 

a t h a t t h e r e s u l t s o f t h e f a t i g u e t e s t s a t a m b i e n t t e m p e r a t u r e 

a r e t h e same as f o r t h e e a r l i e r t e s t s on n o r m a l s t r e n g t h 

s t e e l ( S t 52) and t h e r e s u l t s o f t h e t e s t s a t l o w 

t e m p e r a t u r e (-20°C) a r e b e t t e r t h a n t h e r e s u l t s o f t h e t e s t s 

a t a m b i e n t t e m p e r a t u r e . 

b t h a t a g r e a t e r w e l d t o e d i s t a n c e g i v e h i g h e r M^ v a l u e s and 

t h e r e f o r e a s h o r t e r f a t i g u e l i f e . 
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Ta b l e 1 Review o f t e s t specimens 
(Specimen code / number o f specimens) 

P l a t e t h i c k n e s s 40 ram 70 mm 

T e s t i n g t e m p e r a t u r e +20°C -20°C -t-20°C -20°C 

Geometry 
1) 

S p e c i a l 
d e t a i l s 

2) 

Type o f 
l o a d i n g 

SB40 / 
SB70 

S m a l l 
B u t t 
w e l d s 

-

CA 

VA 

AK 

SB40C+/2 

SB40V+/2 

SB40C-/'^ 

SB40V-/^ 

SB40K-/'^ 

SB70C-I-/2 

SB70V-I-/2 

SB70C-/'i 

SB70V-/h 

SB70K-/8"^ 

LP40 / 
LP70 

Large 
P l a t e 
w e l d s 

Pre-
c r a c k e d 

CA 

CA 

LP40C-I-/2 LP40C-/2 LP70C+/^ LP70C-/6 

LP70PC-/^ 

T40 / 
T70 

T-j o i n t s Ground 

CA 

CA 

T40C+/^ 

T40GC+/2 

T40C-/2 

T40GC-/2 

T70C+/4 

T70GC-I-/2 

T70C-/6 

T70GC-/2 

1) P r e - c r a c k e d = a r t i f i c i a l i n i t i a l s e m i - e l l i p t i c a l s u r f a c e c r a c k a t 
w e l d t oe 

Ground = w e l d toe g r i n d i n g 

2) CA = c o n s t a n t a m p l i t u d e l o a d i n g 
VA = v a r i a b l e a m p l i t u d e l o a d i n g 
AK = c o n s t a n t AK l o a d i n g w i t h i n t e r m e d i a t e CTOD l o a d s 

3) Some t e s t s a t t e m p e r a t u r e s l o w e r t h a n -20° C 

N.B. I n t h i s p e r i o d some specimens of the bold f i g u r e s a r e t e s t e d . ! ! 
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T a b l e 2 T e s t r e s u l t s 

Spec imen R Aa 

nom 

N/mm^ 

Ae 
nom 

* i o - ^ 

" f l 

* 1 0^ 

Nf2 

*10^ 

Nf3 

*10^ 

" f 4 

*10^ 

T40C+/1 0 1 200 952 0 055 0 205 0 213 0 .235 

T40C-t-/2 0 1. 200 952 0 043 0 190 0 204 0 221 

T70C-I-/1 0 J. 200 952 0 031 0 108 0 108 0 203 

T70C+/2 0 i 200 952 *) 0 110 0 110 0 187 

T70C+/3 0 1. 120 571 0 127 0 492 0 749 0 825 

T70C-/1 0 ;i. 200 952 0 060 0 147 0 186 0 299 

T70C-/2 0 J. 120 571 0 290 1 339 1 462 J. 500 

T70C-/3 Ü 1 200 942 0 056 0 226 0 226 0 270 

T70C-/'^ 0 1. 120 571 0 240 0 868 0 916 1 039 

' ^ f l " "̂ ^̂ "̂ ^ i n i t i a t i o n (10 mm s u r f a c e c r a c k ) 

N^2^ c r a c k f i r s t c o r n e r 

N̂ "̂" c r a c k second c o r n e r 

N^,= End o f T e s t 
f 4 

*) f i r s t c r a c k m i s s e d due t o computer f a i l u r e 
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T a b l e 3 Dimensions o f t e s t e d specimens 

Specimen p l a t e 
t h i c k ­

p l a t e 
w i d t h 

s t u b 
t h i c k ­

w e l d t o e 
d i s t a n c e 

w e l d 
f r o n t 

n e i g h t 
b a c k 

ness ness f r o n t back l e f t r i g h t l e f t r i g h t 

T B t L - f L-b H - f l H - f r H - b l H-br 

[mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] 

T40C+/1 40.0 210.1 19.9 43 . 2 43. 2 21.8 19.0 16. 7 20. 2 

T40C+/2 40.0 209.9 19.93 43 . 3 43. 8 17.2 20.8 15. 7 18.9 

T70C+/1 70. 9 210.0 34. 6 55.6 55. 7 17. 6 18. 5 19.3 19.0 

T70C+/2 70. 6 209 . 9 34. 5 53 .4 54. 5 18.8 23.21 19.1 18 .1 

T70C+/3 70. 6 209 . 9 34. 2 54. 3 55 . 1 20. 7 20.0 20.9 20. 9 

T70C-/1 70. 7 210 .0 34 . 6 53.8 53 . 0 

T70C-/2 

T70C-/3 

T70C-/^ 
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T a b l e 4 Dimensions o f FEM g e o m e t r i e s 

Geometry C-0-1- 1 / 4 2 / 4 3 / 4 4 / 4 

Dimensions 

P l a t e t h i c k n e s s T [mm] 70 70 70 70 

A t t a c h m e n t t h i c k n e s s t [mm] 17.5 35 52.5 70 

A t t a c h m e n t h e i g h t h [mm] 30 30 30 30 

Weld a n g l e e [°] 70 70 70 70 

Weld t o e r a d i u s p [mm] 0. 0. 0. 0. 

Weld t o e d i s t a n c e L [mm] 39 . 3 56 . 8 74. 3 91.8 

D i m e n s i o n l e s s p a r a m e t e r s 

t / T [ - ] 0.25 0. 50 0.75 1.00 

L / T [ - ] 0. 562 0.812 1.062 1. 312 

h / T [ - ] 0.429 0.429 0.429 0.429 

P / T [-1 0. 0. 0. 0. 

T a b l e 5 S t r e s s i n i n t e g r a t i o n p o i n t n e a r w e l d t o e . 

Geometry C-0-1- 1 / 4 2 / 4 3 / 4 4 / 4 

Membrane l o a d 5 .08 5 . 66 6.04 6.28 

Be n d i n g l o a d 5.63 6.55 7.21 7 . 63 
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T a b l e 6 Geometry f a c t o r s f o r C-0-1- 1/4 
Load case: b = pure b e n d i n g , m - membrane 

G - ^ * K - faj^; a = 1 N/mm^; f - f . * 
s t r i p 

r e l a t i v e 
c r a c k 
d e p t h 
a/T [-] 

l o a d 
case 

b , m 

G 

[lO'-^N/mm] 

K 

[Nmm'-^/^] 

f 

[-] 

f , . 
s t r i p 

[ - ] [ - ] 

0.0071 b 
m 

0.03305 
0.02855 

2 . 762 
2 . 567 

2.2038 
2.0482 

1.0995 
1.1091 

2.0043 
1.8467 

0.0250 b 
m 

0.05120 
0.04838 

3 .437 
3.342 

1.4658 
1.4253 

1.0777 
1.1110 

1.3602 
1.2829 

0.0625 b 
m 

0.08440 
0.09169 

4 .413 
4.600 

1.1903 
1.2408 

1.0560 
1.1410 

1.1272 
1.0874 

0.1375 b 
m 

0.1488 
0.2041 

5 . 860 
6 . 864 

1.0657 
1.2483 

1.0362 
1.2337 

1.0284 
1.0118 

0.2750 b 
m 

0. 3175 
0.6402 

8 . 560 
12.16 

1.1007 
1.5637 

1.0960 
1.5624 

1.0043 
1.0008 

0.3875 b 
m 

0. 5607 
1. 514 

11. 38 
18.69 

1.2328 
2.0246 

1.2349 
2.0333 

0.9983 
0.9957 

0.5000 b 
m 

1.047 
3 . 704 

15 . 54 
29 . 24 

1.4820 
2.7885 

1.4896 
2.8057 

0.9949 
0.9939 
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T a b l e 7 Geometry f a c t o r s f o r C-0-1- 2/4 
Load case: b = p u r e b e n d i n g , m = membrane 

G - |- * ( 1 - i / ^ ) ; K = f a T ^ ; a ~ I N/mm^; f - f g ^ r l p * 

r e l a t i v e 
c r a c k 
depth 
a/T [-] 

l o a d 
c a s e 

b , m 

G 

[10"-^N/mm] 

K 

[Nmm'-^/^] 

f 

[ - ] 

f ^ . 
s t r i p 

[ - ] [ - ] 

0.0071 b 
m 

0.04249 
0.03407 

3. 131 
2.804 

2.4982 
2.2373 

1.0995 
1.1091 

2 . 2721 
2.0172 

0.0250 b 
m 

0.06268 
0.05568 

3.803 
3.584 

1.6219 
1.5285 

1.0777 
1.1110 

1.5050 
1.3758 

0.0625 b 
m 

0.09608 
0.09972 

4. 709 
4.797 

1.2702 
1.2939 

1.0560 
1.1410 

1.2028 
1.1340 

0.1375 b 
m 

0.1590 
0.2125 

6 .058 
7 .003 

1.1017 
1.2735 

1.0362 
1.2337 

1.0632 
1.0323 

0.2750 b 
m 

0.3234 
0.6464 

8 .639 
12 . 21 

1.1109 
1.5701 

1.0960 
1.5624 

1.0136 
1.0049 

0.3875 b 
m 

0. 5657 
1. 524 

11.43 
18.76 

1.2382 
2.0322 

1.2349 
2.0333 

1.0027 
0.9995 

0.5000 b 
m 

1.056 
3 . 740 

15.61 
29 . 38 

1.4887 
2.8018 

1.4896 
2.8057 

0.9994 
0.9986 
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T a b l e 8 Geometry f a c t o r s f o r C-0-1- 3/4 
Load case: b =- p u r e b e n d i n g , m - membrane 

G = |- * (1 - 1 / ^ ) ; K = taj^; a = 1 N/mm^; f = f . * 
E ' s t r i p 

r e l a t i v e 
c r a c k 
d e p t h 
a/T [ - ] 

l o a d 
case 

b , m 

G 

[lO'-^N/mm] 

K 

{Nmm"-^/^] 

f 

[ - ] 

f ^ . 
s t r i p 

[ " ] [ - ] 

0.0071 b 
m 

0.04954 
0.03757 

3.381 
2.945 

2.6976 
2.3498 

1.0995 
1.1091 

2.4535 
2.1186 

0.0250 b 
m 

0.07102 
0.06014 

4.048 
3.725 

1.7264 
1.5887 

1.0777 
1.1110 

1.6019 
1.4299 

0.0625 b 
m 

0.1044 
0.1044 

4.909 
4.909 

1.3241 
1.3241 

1.0560 
1.1410 

1.2539 
1.1605 

0 .1375 b 
m 

0.1665 
0.2174 

6.199 
7 .083 

1.1273 
1.2881 

1.0362 
1.2337 

1.0879 
1.0441 

0.2750 b 
m 

0.3279 
0.6496 

8 . 698 
12.24 

1.1185 
1.5740 

1.0960 
1.5624 

1.0205 
1.0074 

0 . 3875 b 
m 

0.5694 
1.531 

11.46 
18.80 

1.2414 
2.0366 

1.2349 
2.0333 

1.0053 
1.0016 

0.5000 b 
m 

1.060 
3 .751 

15.64 
29 .42 

1.4915 
2.8057 

1.4896 
2.8057 

1.0013 
1.0000 
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T a b l e 9 Geometry f a c t o r s f o r C-0-1- 4/4 
Load case: b - pu r e b e n d i n g , m - membrane 

G = |- * ( 1 - i / ^ ) ; K = laj^\ a = 1 N/mm^; f = f^^.^.^^ * M^. 

r e l a t i v e 
c r a c k 
d e p t h 
a/T [ - ] 

l o a d 
case 

b , m 

G 

[10""^N/mm] 

K 

[Nmm"-^'^^] 

f 

[ - ] 

f , . 
s t r i p 

[ - ] [ - ] 

0.0071 b 
m 

0.05377 
0.03952 

3. 523 
3.020 

2.8109 
2.4096 

1.0995 
1.1091 

2.5565 
2.1726 

0.0250 b 
m 

0.07596 
0.06257 

4.187 
3 . 800 

1.7857 
1.6207 

1.0777 
1.1110 

1.6570 
1.4588 

0.0625 b 
m 

0.1093 
0.1069 

5.023 
4.968 

1.3549 
1.3400 

1.0560 
1.1410 

1.2830 
1.1744 

0.1375 b 
m 

0.1709 
0.2200 

6 . 280 
7 . 125 

1.1420 
1.2957 

1.0362 
1.2337 

1.1021 
1.0503 

0.2750 b 
m 

0.3304 
0.6509 

8 .732 
12 . 26 

1.1229 
1.5765 

1.0960 
1.5624 

1.0245 
1.0090 

0.3875 b 
m 

0.5710 
1.533 

11.48 
18.81 

1.2436 
2.0376 

1.2349 
2.0333 

1.0070 
1.0021 

0.5000 b 
ra 

1.060 
3 . 753 

15.64 
29 .43 

1.4915 
2.8066 

1.4896 
2.8057 

1.0013 
1.0003 
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T a b l e 10 Summary o f M, f a c t o r s geometry C-0-1 1/4, 2/4, 3/4 and 4/4 

r e l a t i v e 
c r a c k 
d e p t h 
a/T [ - ] 

l o a d 
case 

b , m 

t/T - 1/4 

[-] 

t / T = 2/4 

[-] 

t / T = 3/4 

[-] 

t / T - 4/4 

[-] 

0.0071 b 
m 

2.0043 
1.8467 

2.2721 
2.0172 

2.4535 
2.1186 

2.5565 
2.1726 

0.0250 b 
ra 

1.3602 
1.2829 

1.5050 
1.3758 

1.6019 
1.4299 

1.6570 
1.4588 

0.0625 b 
m 

1.1272 
1.0874 

1.2028 
1.1340 

1.2539 
1.1605 

1.2830 
1.1744 

0.1375 b 
m 

1.0284 
1.0118 

1.0632 
1.0323 

1.0879 
1.0441 

1.1021 
1.0503 

0.2750 b 
ra 

1.0043 
1.0008 

1.0136 
1.0049 

1.0205 
1.0074 

1.0245 
1.0090 

0 . 3875 b 
ra 

0.9983 
0.9957 

1.0027 
0.9995 

1.0053 
1.0016 

1.0070 
1.0021 

0.5000 b 
m 

0.9949 
0.9939 

0.9994 
0.9986 

1.0013 
1.0000 

1.0013 
1.0003 
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T a b l e 11 I n p u t p a r a m e t e r s c r a c k g r o w t h c a l c u l a t i o n s 

P arameter 40 ram t h i o l 

2-D 

c T - j o i n t s 

3-D 

70 mm t h i o l 

2-D 

c T - j o i n t s 

3-D 

T h i c k n e s s T (ram) 
W i d t h B (ram) 

40. 40. 
210. 

70. 70. 
210. 

A - law 
c o n s t a n t C (N, mra) 
ex p o n e n t m 

P a r i s 
. 18320E-12 

3. 

P a r i s 
.18320E-12 

3. 

P a r i s 
. 18320E-12 

3. 

P a r i s 
. 18320E-12 

3. 

C-law 
c o n s t a n t C (N, mm) 
exp o n e n t m 

- P a r i s 
.18320E-12 

3. 
-

P a r i s 
. 18320E-12 

3. 

S t r e s s I n t e n s . Fac 
Mk 
w e l d a n g l e 9 ( d e g ) 
to e r a d i u s p (mm) 
to e d i s t . L (ram) 

Brown/S/0 
IIW-X/OMAE 

60. 
. 5 

43 . 5 

Newman/Raj 
IIW-X/OMAE 

60. 
. 5 

43 . 5 

Brown/S/0 
IIW-X/OMAE 

60. 
. 5 

55.0 

Newman/Raj 
IIW-X/OMAE 

60. 
. 5 

55.0 

I n i t i a t i o n - S i n g l e - S i n g l e 

i n i t i a l d e f e c t s 
c r a c k d e p t h a.(mm) 
c r a c k w i d t h c.(mra) 

1 

. 15 . 15 
. 75 

. 15 . 15 
. 75 

Process p a r a r a e t e r s 
a (Aa = a * a^^) 

s t o p p e d when 

f i n a l d e p t h a^(mm) 

.05 

a > a^ 
n f 

20. 

.05 

a > â . 
n f 

20 

. 05 

a > aj-
n f 

35. 

.05 

a > aj~ 
n t 

35. 

S t r e s s range 

2 
Aa (N/mra ) 

ra 
2 

Aa^ (N/mm ) 

0. 

200. 

0. 

200. 

0. 

200. 

0. 

200. 
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F i g u r e 1 Geometry o f t e s t specimens 
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CTOD Basematerial 7 0mm 

- 1 0 0 

Temperature (C) 

F i g u r e 2 CTOD v a l u e s f o r 70 mm p l a t e m a t e r i a l . 
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Fatigue test results 

1 0 ' 1 0 

Number of cycles 

F i g u r e 3 S-N c u r v e f o r T - j o i n t s 
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F i g u r e 4 Dimensions o f t e s t specimens 
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F i g u r e 5 L o c a t i o n o f s t r a i n gages on specimen T70C-/1 

200 

0 0 0 

8 0 0 

o 
6 0 0 

400 

2 0 0 

G 

O g a u g e n r . 26 
g o u g e n r . 27 

A g o u g e n r . 26 

1 r 1 

O g a u g e n r . 26 
g o u g e n r . 27 

A g o u g e n r . 26 

- • 

- • 

- • 

L. 1 1 I 

0 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0 1 2 0 0 

e,c.„,, [ 1 0 * ] 

F i g u r e 6 R e l a t i o n n o m i n a l s t r a i n and measured s t r a i n f o r specimen 

T70C-/1 
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spec imen T 7 0 C + / 2 eps 1 

1200 

1000 

800 

I 500 

400 h 

200 

O 

eps 2 

mark 
1 

2 

mark 
3 

mark 
4 

mark 
5 

F i g u r e 7 

30 60 90 120 150 180 210 
(Thousands) 

Number of cycles 

R e l a t i o n s t r a i n range and number o f c y c l e s d u r i n g t h e 
f a t i g u e t e s t f o r specimen T70C+/2 

spec imen T 7 0 C + / 3 

I 
( ) 

700 

600 

500 

400 

^ 300 

200 

100 

O 

\ 
\ 

\ \ 

- \ \ 
\ \ 
\ \ 
\ \ 

\ \ 
\ \ 
\ \ 
\ \ 
\ \ 
\ 

s 
\ 

- \ 
\ 
\ 
\ 

-

1 1 1 1 1 1 

— 

1 

eps 1 

eps 2 

mark 
1 

mark 

mark 
3 

mark 
4 

mark 
5 O 100 200 300 400 500 600 700 800 900 

(Thousands) 
Number of cycles 

F i g u r e 8 R e l a t i o n s t r a i n range and number o f c y c l e s d u r i n g t h e 
f a t i g u e t e s t f o r specimen T70C+/3 







I 



F i g u r e 11 Crack o p e n i n g d i s p l a c e m e n t measurements on specimen T70C+/2 
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0 = 7 O ° / A / 

F i g u r e 12 Geometry C-0-1- 4/4 

t " 3 5 

© = 7 0 > \ ^ P - ° 

F i g u r e 13 Geometry C-0-1- 2/4 
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F i g u r e L5 Bending l o a d case on FEM geometry 
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•.r^ ̂  

^ 

Ó.55 0.54 0.53 0.51 0.47 0.40 • 
\M 1.49 1.5Ö 1.51 1.57 1.61 : 

Ó.59 0.58 0.58 0.54 0.48 0.39 ' 
i .52 1.55 1.57 1.81 1.85 1.68 : 

Ó.S3 0.81 0.5S 0.59 0.50 0.39 ' 
i .58 1.82 1.66 1.73 1.78 1.77 : 

Ó.66 0.64 0.61 0.60 0.53 0-38 • 
i .B4 1.67 1.7Ó 1.77 1.87 1.87 : 

Ó.75 0.73 0.69 0.60 0.52 0.35 • 
i .79 1.84 1.89 1.81 2.02 2.14 : 

Ó.85 0.83 0.77 0.64 0.54 0.35 • 
i.95 2.02 2.08 2.00 2.30 2.53 : 

Ó.90 1.04 1.12 0.83 0.37 0.33 • 
4.05 2.22 2 .3* 2_J8 2.29 2.61 : 

Ó.95 0.98 0.95 0.77 0.24 0.09 
i 4 8 2.54 2.6Ó 3.44 2.69 2 J 8 

1.12 1.03 0.89 1.02 0.37 0.02 
i .25 3.24 3.21 5.08 3.71 2.88 

0.45 0.74 0 .9J 
5.43 4.70 5.9Ö 

11,0,1 

Dii 

ai4 
2.2«).27 

1.40.59 
•1.15 

F i g u r e 17 S t r e s s d i s t r i b u t i o n near w e l d toe f o r geometry C-0-1 1/4 
(membrane l o a d c a s e ) 
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^ 

^ ^ 

>V ^ 

^ ^ . 

A" ^ ^ y^ ^ 

.X' ̂  ^. ^ ^ 

0-54 0.85 1.08 
5.87 5.32 6.69 

- 0 . 0 
1 3 

ai6 
2 ^ . 2 9 

1.7a).64 
1.44 

i g u r e 18 S t r e s s d i s t r i b u t i o n near w e l d t o e f o r geometry C-0-1 1/4 
( b e n d i n g l o a d c a s e ) 
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: - V -Ar' 

: 

: - V 

: - V -

: ^ 

^ \ 

/ • 

V. 

•0.70 
• 1.62 

0.71 
1.69 

o.ee 
1.72 

I-0.62 
;i.76 

0.57 
1.82 

0.48 
1.87 

•0.75 
;1.68 

0.75 
1.77 

0.69 
1.82 

•0.66 
i 1.88 

0.58 
1.93 

0.47¬
1.95: 

:0.80 
•1.76 

0.79 0.73 0.71 0.60 0.46; 

•0.84 
;i.82 

0.85 
1.92 

0.76 
1.98 

0.72 
2.07 

0.63 
2.20 

0.44' 
2.19: 

•0.89 
•1.97 

0.92 
2.09 

0.85^ 
2.17: 

0.73 
2.13 

0.63 
2.38 

0.41 '• 
2.50; 

•0.96 
•2.15 

1.02 0.96; 0.78 0.66 0.42; 

•0.91 
;2.23 

1.14 
2.46 

1.36^ 
2.70' 

0.98 
2.74 2.64 

0.41 • 
3.08: 

•0.84 
•2.52 

1.04 
2.79 

1.27: 
3.05; 

0.95 
4.11 

0.28 
3.12 

0 . 1 V 
2.72; 

:0.80 
•2.94 

0.98 
J.24 

1.19^ 
3.52: 

1.35 
5.28 

0.51 0.03; 

••0.41 
•2.77 

0.56 
4.27 

0.89-' 

0.04 
2.16 

b.29 
2:86 

0.06 
2.73 0.37¬

3.88 

-0.02 
• 1v94 -0.07 

• • 2.33 

F i g u r e 19 S t r e s s d i s t r i b u t i o n near w e l d t o e f o r geometry C-0-1 4/4 
(membrane l o a d c a s e ) 
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: X X X 

X X X X 

A' X X X X 

>r A' X X X x^ 

X X x- ^ \ 

^ \ X 

^ X 

^ ^ ^ 

X 

/ / 

^0.90 
; i . 88 

0.88 
1.98 

0.80 
2.03 

•0.74 
:2.07 

0.68 
2.14 

0.57 
2.19 

•0.96 
: i .97 

0.93 
2.08 

0.84 
2.16 

0.80 
2.23 

0.69 
2.27 

0.54 
2.30 

:1.03 0.99 0.89 0.86 0.71 0.52 

: i .08 
:2.14 

1.07 
2.28 

0.93 
2.36; 

0.86 
2.48 

0.74 
2.62 

0.51 
2.60: 

; i . i 6 
:2.33 

1.16 
2.50 

1.02^ 
2.61; 

0.86 
2.57 

0.73 
2.84 

0.48: 
2.96: 

•1.28 
•2.55 

1.29 
2.73 

1.16^ 
2.87: 

0.92 
2.87 

0.78 
3.27 

0.49' 
3.55: 

^1.23 
:2.64 

1.45 
2.98 

1.64^ 
3.31: 

1.16 
3.35 

0.48 
3.14 

0.48: 
3.66: 

^1.14 
:3.02 

1.35 
3.39 

1.56^ 
3.71: 

1.15 
5.01 

0.33 
3.70 

0.13^ 
3.17: 

1.11 
•3.59 

1.31 
3.98 

1.52' 
4.31-

1.65 
7.63 

0.61 
5.29 

0.02' 
3.91: 

•.0.61 
•3.42 

0.75 
5.34 

1.13-' 
7.59 

0.11 
'•y/n 0.11 

3.53 0.47-
f;.nii 

0.40 
3;68 -0.01 

• • 2.60 - 0 . 0 8 
• - ^ . I S 

F i g u r e 20 S t r e s s d i s t r i b u t i o n near w e l d t o e f o r geometry C-0-1 4/4 
( b e n d i n g l o a d c a s e ) 
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Mk f a c t o r l o i I - j o in ts 
bending (b) and tens ion (t) 

2.75 

2.50 

2.25 

2.00 

1.75 

1.50 

1.25 

1.00 
0.00 0.10 0.20 0.30 0.40 ():•,() 

a/T 

F i g u r e 21 M^ f a c t o r s f o r C-0-1- 1/4 

Mk f a c t o r for T ~ j o i n t s 
bending (b) and tens ion (t) 

2.75 

2.50 h 

1/4 b 

1/4 t 

2/4 b 

2/4 t 

1.00 
0.00 0.10 0.20 0.30 0.40 0.50 

a/T 
F i g u r e 22 M^ f a c t o r s f o r C-0-1- 2/4 
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Mk f a c t o r for I - j o in ts 
bending (b) and tens ion (t) 

V,/!) 

3/4 b 

3/4 t 

1.00 
0.00 0.10 0.20 ().;-!() 0.40 0.50 

a/T 

F i g u r e 23 M^ f a c t o r s f o r C-0-1- 3/4 

Mk f a c t o r for T = j o i n t s 
bending (b) and tens ion (t) 

2.75 

2.50 

4/4 b 

4/4 t 

1.00 
0.00 0.10 0.20 0.30 0.40 0.50 

a/T 

F i g u r e 24 M̂^ f a c t o r s f o r C-0-1- 4/4 
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Mk f a c t o r i ( ) i I - j o in ts 
bending (b) 

4/4 b 

3/4 b 

2/4 b 

1/4 b 

0.00 0.10 0.20 0.30 0.40 0.50 

a/T 

F i g u r e 25 M^ f a c t o r s f o r membrane s t r e s s 

Mk f a c t o r for T - j o i n t s 
tens ion (t) 

2.75 

2.50 

2.25 

2.00 

i 
1.75 

1.50 

1.25 

1.00 

K 
1 ~~~~~ 

4/4 t 

3/4 t 

2/4 t 

1/4 t 

0.00 0.10 0.20 0.30 0.40 0.50 

a/T 
F i g u r e 26 M^ f a c t o r s f o r b e n d i n g s t r e s s 



Comparison FAFRAM analyses 
and experiments T40 2D 

T40 3D 

- T70 2D 

T70 3D 

50 100 150 £ C 250 300 

(Thousands) 
Number of cycles 

^ T70C+ 

• T70C 
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APPENDICES 

A 
)'. 
C 
i) 

Weld p r o c e d u r e o f T - j o i n t s 
Weld p r o c e d u r e o f b u t t w e l d s 
CTOD r e s u l t s on 70 mm p l a t e 
FAFRAM a n a l y s e s o f T - j o i n t s 
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A p p e n d i x A Weld p r o c e d u r e o f T - j o i n t s 



I\ -

22-910 EGKSA-91-8 

AANWIJZINGEN VOOR HET LASSEN VAN DE T-PROEFSTUKKEN (40 en 70 mm). 

De l a s s e n z u l l e n worden u i t g e v o e r d met de p a r a r a e t e r s aangegeven i n s t u k 90-50 

De v o l g e n d e p u n t e n d i e n e n d a a r b i j i n a c h t t e worden genomen. 

a. de o v e r a l l l a s h o e k moet l i g g e n t u s s e n 60° en 70°. 

b. de max. l o c a l e l a s h o e k mag 85° z i j n . 

c. e r mogen geen i n k a r t e l i n g e n aan de l a s t e e n voorkomen. 

d. e r mogen geen a r e - s t r i k e s op de p l a a t worden a a n g e b r a c h t . 

e. e r raag b u i t e n de t e b e p r o e v e n l a s n i e t aan de p l a a t worden g e l a s t . 

f . e r mag n i e t aan de u i t e i n d e l i j k e l a s t e e n worden g e s l e p e n . 

g. a l l e a f z o n d e r l i j k e p r o e f s t u k k e n moeten, v o o r d a t ze worden u i t g e s n e d e n , 

worden genummerd. 

h. v o o r d a t de g e l a s t e p l a t e n i n a f z o n d e r l i j k e p r o e f s t u k k e n worden v e r d e e l d , 

moeten op de kopse k a n t p r o e f s t u k n u m m e r s worden a a n g e b r a c h t . 

i . de e e r s t e l a s l a g e n mogen d.ra.v. OP-lassen worden g e l e g d . 

j . h e t a f l a s s e n moet i n 3 G - p o s i t i e g e beuren ( v e r t i k a a l opgaand). 



CODE:- LMB(WPS): 5 WIJZ:0 
C E R T NO: 0 LMK(PQR) 

I'U( ),M':i :M' : L a s p r o e v e n S h o r a l s i m 
O P D R . G E V E R ( C L I E N T ) : T N O / T U - D e 1 f t 
I N S P E K T I E : -
r E K E N I N G ( D R W G ) : 0 REV 
M A T E R I A A L : 1 : F e E 510 D 
( M A T E R I A L ) 2 : S h o r a l s i m 

253 
ORDER: 30361 

L A S P R O C E S 

( P R O C E S ) 

LAS MATL 
(WELD-) 
(CONS.) 

N i 5 5 

: 1 
'A 

:•! 
1 
2 : -
•1 : -• 
GAS: -

P O E D E R ( F L U X ) 

NO: 0 

D I K T E ( T H N ) : 2 0 MM| MAX.Ceq:-
D I K T E ( T H N ) : 4 0 MM| MAX.Ceq:-

P O S I T I E : 1 G P O L A R I T E I T : + / -
P O S I T I E : - P O L A R I T E I T : -
P O S I T I E : - P O L A R I T E I T : -

S P E C : A 5.5 C L A S . : E 8 0 1 8 
S P E C . : -
S P E C . : -
GAS S P E C 

C L A S . : -
C L A S . : -

:- STR.SNH 
P O E D E R ( F L U X ) S P E C , 

S C A L E : D 
S C A L E : -
S C A L E : -

(FLOW RATE- L 
SCA 

WARMTE :COMB. D I K T E ( C T H N ) : 1 0 0 MM|MAX.CEN WAARDE:-

V O O R W . { P R E H ) T E M P : 1 2 0 C | M E T O D E : G a s / e l e c t r i c a l I N T E R P T E M P : 1 8 0 C 

G L O E I E N ( P . W . H . T . ) : - G L O E I PROCEDURE:-

VOORBWERKING: S L I J P E N 1 ! ! { P R E P A R A T I O N B E F O R E WELDING:GRINDING) 

LASVORM (WELD P R E P A R A T I O N ) LAS D E T A I L NCE) 

L A S G E G E V E N S ( W E L D PARAMETERS) 
LAAG IDIAM |AMP|VOLT|SNH| U I T | H I 
PASS I S I Z E I A |V I CM/I ROL|KJ/CM 

I MM I I IMIMI CM I 

i 

3 

1 5 1 1 6 
1 6 0 
1 6 5 
1 3 7 
1 74 
1 7 0 

GUTSEN NA LAAG NO 
S L I J P E N NA LAAG NO 

1 3 . 1 5 

161 
25 1 
2 5 1 
3 0 1 
25 I 
2 5 I 

111 

m 
141 
161 
25 I 
25 I 

1 1 0 . 1 2 
1 1 4 . 1 2 
1 1 7 . 6 8 
1 1 5 . 4 1 
1 1 0 . 4 4 
I 1 0 . 2 0 

S T R I L A S I POS 
A C / I ( W E L D ) I 
DC I METAL I 

+/-|Ni 
+ / = l N i 
+/-|Ni 
+/-|Ni 
+/-|Ni 
+/-|Ni 

(GOUGING AFTER P A S S ) 

( G R I N D I N G AFTER P A S S ) 

55 
55 
55 
55 
55 
55 
:•! 
3 

I I G 
I 1G 
I I G 
1 1G 
|1G 
I I G 

V E R E I S T E K W A L I F I C A T I E S 
P O S I T I E ( P O S I T I O N ) : 1 / 3 G 
T O E P A S B A A R H E I D GRENZEN 
MAT E R I A L E N ( M A T E R I A L S ) : 
D I K T E S ( T H I C K N E S S ) : -

( R E Q U I R E D Q U A L I F I C A T I O N S ) : 
METODE(METHOD):SMAW 

(RANGE OF A P P R O V A L ) : -

H O E K L . A F M . ( F I L L E T S I Z E ) 
P U P DIAM. ( P I P E D I A M ) : -

D I A M E T E R S ELEKTRODEN(DIAM.WELDCONSUMABLES):-

HOLLANDIA | O P D R A C H T G E V E R ( C L I E N T ) 

~^7>4TN0/TU-Del f t 
lAAM: 

DATUM 

ACC 
/ 1 9 

[ I N S P E C T I E I N S T . 

I NAAM: / ? Q 4 

PARAAF 

DATUM,^ 

ACC : J A /' 
.19411 
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I l U l l c d l l U l c d 

< :n|.P: LMB(WPS) : 1 1 W I J Z : 0 

CERT NO: 0 LMK(PQR) 
PROJECT :Lasproeven Shoralsim 
OPDR.GEVER(CLIENT):TNO/TU-Delft 
INSPEKTIE:-
TEKENING(DRWG): 0 REV 
MATERIAAL:1:Fe E 510 D 
(MATERIAL)2:Shoralsim 

;1:SMAW POSITIE 
2:SAW POSITIE 
3:SMAW POSITIE 
1 :Ni 55 SPEC.:A 
2:LNS 140A S P E C : A 
3:- S P E C : -
GAS:- GAS SPEC 
POEDER(FLUX):P230 

2 5 2 

ORDER: 3 0 3 6 1 

LASPROCES 
(PROCES) 

LAS MATL 
(WELD-) 
(CONS.) 

NO: 0 
DIKTE(THN) 
DIKTE(THN) 

IG 
IG 
3G 

35 MM MAX 
70 MM MAX, 

POLARITEIT:+/-
POLARITEIT:+ 
POLARITEIT:+/-

5.5 CLAS.:E 8018 
5.2 CLAS.:F8A4 

CLAS.:= 
.:- STR.SNH. 
POEDER(FLUX)SPEC 

Ceq:-
Ceq: -

SCALE:D 
SCALE:D 
SCALE:-

(FLOW RATE-
:EA1-A2 

L / M I N , 

S C A L E : D 

WARMTE :COMB. DIKTE(CTHN): 1 75 MM|MAX.CEN WAARDE:-
VOORW.(PREH)TEMP:120CIMETODE:Gas/Electrical INTERP TEMP:180C 

GLOEIEN (P.W,H.T.):- GLOEI PROCEDURE:= 
VOORBWERKING: SLIJPEN!!!(PREPARATION BEFORE WELDING:GRINDING) 

LASVORM (WELD^PREPARATION) 

LAS GEGEVENS(WELD 

LAS DETAIL (RUN SEQUENCE) 

PARAMETERS) 
LAAG DIAM AMP VOLT SNH UIT HI STR LAS PO 
PASS SI Z E A V CM/ ROL KJ/CM AC/ (WELD) 

MM MIM CM DC METAL 

1 3,15 1 42 31 1 5 1 7,61 Ni 55 IG 
2 4 190 28 1 3 24,55 Ni 55 IG 
3 4 200 29 1 2 29.00 Ni 55 IG 
4-6 4 660 32 30 42,24 + 1 35 IG 
7-10 4 1 1 7 25 4 43,88 + / = Ni 55 3G 

0 0 0 0,00 
GUTSEN NA LAAG NO (GOUGING AFTER PASS) : 2 
SLIJPEN NA LAAG NO (GRINDING AFTER PASS): 2 

VEREISTE KWALIFICATIES 
POSITIE(POSITION):1/3G 
TOEPASBAARHEID GRENZEN 
MATERIALEN (MATERIALS) 
DIKTES (THICKNESS) :-

(REQUIRED QUALIFICATIONS): 
METODE(METHOD):S/SA 

(RANGE OF APPROVAL): 
HOEKL.AFM,(FILLETSIZE) 

PIJP DIAM.(PIPE DIAM):-
D I A M E T F R S ELEKTRODEN(DIAM,WELDCONSUMABLES):-

HOLLANDIA 

PARAAF 

OPDRACHTGEVER(CLIENT) 
TNO/TU-Delft 
i L 
DATUM:_ ^ 
ACC:JA / NEE 
H A N D T E K : 

19 

INSPECTIE INST 

NAAM; 
DATUM_ 
ACC: JA /' 
HANDTEK: 

19 



SMOZ I n t e r i m r e p o r t 4 page 

A p p e n d i x B Weld p r o c e d u r e o f b u t t w e l d s 



2 '5 - 9 1 0 
EGKS4-91-82 

AANWIJZINGEN VOOR HF.T LASSEN VAN DE PRORFTAS QP SHORAT.STM VOOR PR RUTT WELDS 

1. Voor h e t l a s s e n wordt een s t u k m a t e r i a a l g e b r u i k t van c a . 775x300x70 mm 

Na h e t doorbranden kan h i e r o p een l a s van c a . 300 mm. worden aangebracht. 

2 . T i j d e n s het l a s s e n z a l ervoor gezorgd worden dat de i n b r a n d i n g s d i e p t e van 
e l k e a f z o n d e r l i j k e l a s r u p s 4 mm. bedraagt. 

3. De l a s r u p s d i e de l a s t e e n met het moedermateriaal vormt, z a l zo gelegd 
worden dat de l a s t e e n 4 mm. v e r w i j d e r d l i g t van de o o r s p r o n k e l i j k e 
z i j k a n t van h e t moedermateriaal. 

De l a s t e e n l i g t zodoende boven de f u s i o n l i n e van a l l e eronder l i g g e n d e 
l a s r u p s e n . °^ 

De h i e r v o o r gekozen lasmethode i s d i e volgens l a s p r o e f j e 1. 
H i e r b i j i s de a f s t a n d van de e l e c t r o d e t o t h e t moedermateriaal 4 mm en 
de o p p e r v l a k t e van de v o o r l a a t s t e l a s r u p s t o t h e t op p e r v l a k van h e t 
moedermateriaal ook 4 mm. 

4. Na h e t l a s s e n z u l l e n k e r f s l a g p r o e f s t a a f j e s worden gemaakt en beproefd 
z o a l s ook voor de eer d e r e p r o e f l a s i s gebeurd. 
Tevens moeten 2 macro's gemaakt worden. 

H i e r v a n dienen f o t o ' s gemaakt te worden om de s t r u c t u u r z i c h t b a a r te 
maken en moeten hardheidsmetingen worden u i t g e v o e r d . 

5. Voor de g e l a s t e p l a t e n i n a f z o n d e r l i j k e p r o e f s t u k k e n worden v e r d e e l d 
moeten op de kopse kanten proefstuknummers worden aangebracht. 



I lUllcdl lUlcd 

CODE: LMB(WPS): 4 WIJZ:1 
CERT NO: 0 LMK(PQR) 
PROJECT :Lasproeven Shoralsim 
OPDR.GEVER(CLIENT):TNO/TU-Delft 
INSPEKTIE: 
TEKENING(DRWG): 0 REV 
MATERIAAL:1:Shoralsim 
(MATERIAL)2:Shoralsim 

SMAW POSITIE 
SAW POSITIE 

POSITIE:-
Ni 55 . SPEC:A 
LNS 140A SPEC.:A 

SPEC.:-
GAS:- GAS SPEC 
POEDER(FLUX):P230 

2 5 1 

NO: 0 
DIKTE(THN):40 
DIKTE(THN):40 

DATUM(DATE): 1 5 / 1 1 / 9 1 

ORDER: 3 0 3 6 1 

tm 

LASPROCES 
(PROCES) 

LAS MATL 
(WELD-) 
(CONS.) 

1 
2 
:-i 

1 : 
2; 
3: 

IG 
IG 

POLARITEIT:+/-
POLARITEIT:+ 
POLARITEIT:-

5.5 CLAS.:E 8 0 1 8 
5.2 CLAS.:F8A4 

CLAS.:= 
.:- STR.SNH. 
POEDER(FLUX)SPEC. 

MAX.Ceq:-
MAX.Ceq:-

SCALE:D 
SCALE:D 
SCALE;-

(FLOW RATE-
:EA1-A2 

L/MIN, 
SCALE:D 

WARMTE :COMB. DIKTE(CTHN):80 MM|MAX,CEN WAARDE:= 
VOORW.(PREH)TEMP:120C|METODE:Gas/Electrical INTERP TEMP:180C 

GLOEIEN (P.W.H.T.):- GLOEI PROCEDURE:-
VOORBWERKING: SLIJPEN!!!(PREPARATION BEFORE WELDING:GRINDING) 

LASVORM (WELD PREPARATION) 

Ail" / 
0 
..V 

/ 

/ 

LAS DETAIL (RUN SEQUENCE) 

LAS GEGEVENS(WELD PARAMETERS) 
LAAG DIAM AMP VOLT SNH UIT HI STR LAS POS 
PASS SIZE A V CM/ ROL Kj/CM AC/ (WELD) 

m'l MIM CM DC METAL 

1 3.15 70 23 8 12.08 ••/ Ni 55 IG 
4 175 25 18 14.58 + /- Ni 55 IG 

9 4 600 30 45 24.00 + 1 40A IG 
1 0 4 660 32 30 42.24 + 1 40A IG 
1 1 4 660 32 45 28.16 + 1 40A IG 
1 2 4 660 32 30 42. 24 + 1 40A IG 
GUTSEN NA LAAG NO (GOUGING AFTER PASS) : 1 5 
SLIJPEN NA LAAG NO (GRINDING AFTER PASS): 15 

VEREISTE KWALIFICATIES 
POSITIE(POSITION):IG 
TOEPASBAARHEID GRENZEN 
MATERIALEN (MATERIALS) 
DIKTES (THICKNESS):-

(REQUIRED QUALIFICATIONS): 
METODE(METHOD):S/SA 

(RANGE OF APPROVAL): 
HOEKL.AFM.(FILLETSIZE):-

P U P DIAM. (PIPE DIAM):-
DIAMETERS ELEKTRODEN(DIAM.WELDCONSUMABLES) 

HOLLANDIA OPDRACHTGEVER(CLIENT) 
TNO/TU-Delft 
NAAM: 
DATUM' 
ACC 

PARAAF 
JA 7 

HANDTEK: 

/ 19 
NEE 

INSPECTIE INST, 

NAAM:_ 
DATUM_ 
ACC:JA 

19 
Vim 

HANDTEK 



II III I 11 11 t I t — I I L - I 

CODE: L M B ( W P S ) : 9 WIJZ:1 

C E R T NO: 0 LMK(PQR) 

P R O J E C T : L a s p r o e v e n S h o r a l s i m 

O P D R . G E V E R ( C L I E N T ) : T N O / T U - D e l f t 

I N S P E K T I E : -

T E K E N I N G ( D R W G ) : 0 REV 

M A T E R I A A L : 1 : S h o r a l s i m 

( M A T E R I A L ) 2 : s h o r a l s i m 

REV D A T U M ( D A T E ) : 2 7 / 0 1 / 9 2 

ORDER: 3 0 3 6 1 

NO: 0 

D I K T E ( T H N ) : 7 0 

D I K T E ( T H N ) : 7 0 
mi 

LASPROCES 
(PROCES) 

LAS MATL 
(WELD-) 
(CONS.) 

: I 
2 

: I 

'A 

3:-
GAS:-

SMAW 
SAW 

Ni 55 
LNS 140 

IG 
IG 

POSITIE 
POSITIE 
POSITIE: 

SPEC 
A SPEC 

SPEC.:= 
GAS SPEC 

POEDER(FLUX):P 230 

POLARITEIT:+/-
POLARITEIT:+ 
POLARITEIT:-

5.5 CLAS.:E 8 0 1 8 
5.2 CLAS. : F 8 A 4 

CLAS.:-
.:- STR.SNH. 
POEDER(FLUX)SPEC. 

MAX.Ceq:-
MAX.Ceq:-

SCALE:D 
SCALE:D 
SCALE:-

(FLOW RATE-
:EA1-A2 

L/MIN, 
SCALE:D 

WARMTE :COMB. DIKTE(CTHN):140 MM|MAX.CEN WAARDE:-
VOORW.(PREH)TEMP:120CIMETODE:Electrical INTERP TEMP:180C 

GLOEIEN (P.W.H.T.):- GLOEI PROCEDURE:-
VOORBWERKING: SLIJPEN!!!(PREPARATION BEFORE WELDING:GRINDING) 

LASVORM (WELD P R E P A R A T I O N ) 

See. s U g e k X' 

LAS G E G E V E N S ( W E L D PARAMETERS) 

LAS DETAIL (RUN SEQUENCE) 

B 

LAAG DIAM AMP VOLT SNH UIT HI STR LAS POS 
PASS S I Z E A V CM/ ROL KJ/CM AC/ (WELD) 

MM MIM CM DC METAL 

1 3.15 75 25 8 14.06 :7' Ni 55 IG 
2-1 4 4 1 75 25 18 14.58 + /- Ni 55 IG 
1 5 4 650 31 45 26.87 + 1 40A IG 
1 6 4 660 32 30 42.24 + 1 40A IG 
1 7 4 650 32 45 27.73 + 1 40A IG 
18 4 660 A 2 30 42. 24 + 1 40A IG 
GUTSEN NA LAAG NO (GOUGING AFTER PASS) : 52 
S L I J P E N NA LAAG NO ( G R I N D I N G A F T E R P A S S ) : 52 

V E R E I S T E K W A L I F I C A T I E S ( R E Q U I R E D Q U A L I F I C A T I O N S ) : 
P O S I T I E ( P O S I T I O N ) : I G METODE(METHOD):S/SA 
T O E P A S B A A R H E I D GRENZEN (RANGE OF A P P R O V A L ) : -

M A T E R I A L E N ( M A T E R I A L S ) : - H O E K L . A F M . ( F I L L E T S I Z E ) 

D I K T E S ( T H I C K N E S S ) : - P U P DIAM. ( P I P E D I A M ) : -
D I A M E T E R S ELEKTRODEN(DIAM.WELDCONSUMABLES) : -

HOLLANDIA 

PARAAF : 

O P D R A C H T G E V E R ( C L I E N T ) 

T N O / T U - D e l f t 

NAAM: 

DATUM: 
ACC:JA~7 
HANDTEK: 

T 19 
NEE 

INSPECTIE INST, 

NAAM: 
DATUM / 1i 
ACC:JA / NEE 
HANDTEK: 
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'•l-iny. I i „ i , < - | , o , 1 /; page C- 1 

A p p e n d i x C CTOD r e s u l t s on 70 mm p l a t e 



I n s t i t u u t voor P r o d u k t i e en L o g i s t i e k TNO. 09-01-92 

coo-data aheat Intended for:EGKS 

Specimen No. 8-1 8-2 

r a t i g u a pr«-cxacklng 
- R ( y i e l d s t r e n g t h ) N/ram' 
- K® ( f i n a l p o s i t i o n of c r a c k ) N/mmJ/^ 
- R ( f a t i g u e f o r c e r a t i o ) 
- F kN 
- N c y c l e s . 1 0 - ^ 
- ag 
- mm 

450 
1063 
0.1 

80.0 
83.0 
70. 9 
69. 6 

450 
1347 
0.1 

100.0 
21.8 
69.9 
69.9 

Band t«st 
- S ( l o a d i n g span) mm 
- z ( d i s t a n c e c l i p to s u r f a c e ) mm 
- T ( t e s t temperature) °C 
- B mm 
- w mm 
- mm 

- ^2 ™° 
- a., mm 
- ( a . + + a^) / 3 .Tim 
- a/W 
- Y 

Does f a t i g u e c r a c k s a t i s f y : 
- minimum growth 
- non p l a n a r growth 
- m u l t i p l e n u c l e a t i o n e f f e c t s 

560 
= 1 
-20 

70.7 
140.5 
72.3 
72 .4 
72.3 
72 .3 
0.51 
11.14 

Yes 
Yes 
Yes 

560 
-1 
-20 

70 .8 
138.9 
71.7 
72.2 
71.8 
71 . 9 
0.52 
11.24 

Yea 
Yes 
Yes 

C l i p gauge displacemant ( p l a s t i c ) 
- V. mm 
- V""" mm 
- v*" mm 
- mm 

m 

-

9 . 40 >14 .00 

A p p r o p r i a t e c r i t i c a l a p p l i a d f o r c e 
- c . :<N 

- kN 
-
- F'̂  -•̂N 

m 
434 .85 462.97 

C r i t i c a l COD-valuea (d) 
- 5. (onset s l o w c r a c k growth) mm 
- S'̂  ( u n s t a b l e f r a c t u r e / " p o p - i n " ) mm 
- 5"̂  ( u n s t a b l e i r a c c - j r e / " p o p - - n " ( * ) ) OOT 
- d"̂  (maximum f a r c e c i a t e a u ) 

m 
;> 2 . 75 :>4 .03 

A c c o r d i n g t o BS57D2: 1 ? 7 9 



or P r o d u k t i e en L o g i s t i e k TNO. 09-01 

Intended for:EGKS 

COD-data «haat 

Specimen No. 
8-3- 8-4 

_ R ( y i e l d s t r e n g t h ) /^Z^' 
- ( f i n a l p o s i t i o n of cr a c k ) N/mmV^ 
- R^ ( f a t i g u e f o r c e r a t i o ) 

" f f c y c l e s . 1 0 - 3 

- N mm 

~ '̂ 0 nnn 
- ^4 

450 

0.1 
90.0 
34.2 
71.3 
70.3 

450 
1198 
0.1 

90.0 
29.1 
69.4 
69.9 

Band t a a t 
- s ( l o a d i n g span) ™" 
- z ( d i s t a n c e c l i p t o s u r f a c e ) mm 
- T ( t e s t temperature) 

ram 
" ^ ram 

- W rmn 
~ *1 ram 
" ^2 mm 
I + a^ ^ a,) / 3 
- a/W 
- Y 

Does f a t i g u e c r a c k s a t i s f y : 
- minimum growth 
= non p l a n a r growth 
- m u l t i p l e n u c l e a t i o n e r f e c t s 

560 
-1 
-40 

70.7 
140.0 
73.6 
73.7 
73.5 
73.6 
0.53 
11.55 

Yes 
Yes 
Yes 

560 
-1 
-40 

70.6 
140.0 
71.9 
72 .2 
71. 9 
72.0 
0.51 
11.12 

Yes 
Yes 
Yes 

C l i p gauga diaplacamant ( p l a s t i c ) ^ 

- V. ^ 
1 mm 

- V 
c mm 

- V 
u mm 

- V 
m 

14 .00 14 .00 

A p p r o p r i a t e c r i t i c a l a p p l i - d f o r c e 

" kN 
- kN 

m 

454 .12 

i 

455.10 

c r i t i c a l COD-values (d) 
- 5 (onset slow cracK growth) mm 
- 5^ ( u n s t a b l e f r a c t u r e / " p o p - i n " ) mm 
- S'̂  ( u n s t a b l e f r a c t u r e / " p o p - i n ( ) ) ^ 
- c^-^ (maximum f o r c e p l a t e a u ) mm 

•n 

1 

1 3.94 
1 

4 . 05 
1 

A c c o r d i n g t o BS5762: 197 



I n s t i t u u t voor 

COD-dat:* «haat 

Produktie en L o g i s t i e k TNO. 16-01-92 

Intended for:EGKS 

C r i t i c a l COD-vaiua. (d) 
5 ( o n s e t s l o w c r a c k grovmh) 

( u n s t a b l e f r a c t u r e / " p o p - i n " 
( u n s t a b l e f r a c t u r e / " p o p - m " 
•.Tiaximum f o r c e p x a t e a u i 

- 5 ' 

- ó' 

Ac c o r a i r . q co BS5 



I n s t i t u u t voor Pr o d u k t i e en L o g i s t i e k TNO. 15-01-92 

COD-datm ahaat Intended for:EGKS 

Specimen No. 8-7 8-8 8-9 

F a t i g n * p r a - c r a c k i n g 
- R ( y i e l d s t r e n g t h ) N/mra' 
- ( f i n a l p o s i t i o n of c r a c k ) N/ramV* 
- R ( f a t i g u e f o r c e r a t i o ) 
= kN 
= N c y c l e s . 1 0 - 5 
- aQ ram 
- ram 

450 
1217 
0.1 

90.0 
29.9 
70.4 
69.6 

450 
1214 
0,1 

90.0 
27.4 
69.3 
69.4 

450 
1217 
0.1 

90.0 
33.3 
70.6 
69.9 

Band t a a t 
- S ( l o a d i n g span) mm 
- z ( d i s t a n c e c l i p to s u r f a c e ) ram 
- T ( t e s t temperature) °C 
- B mm 
- W mra 
- a mm 
- ^2 ram 
- a 2 ram 
- ( a ^ + + a^) / 3 ram 
- a/w 
- Y 

Does f a t i g u e c r a c k s a t i s f y : 
- minimum growth 
- non p l a n a r growth 
- m u l t i p l e n u c l e a t i o n e f f e c t s 

560 
-1 
-80 

70.5 
140.2 
72 . 6 
73.2 
72.5 
72 . 8 
0 .52 
11 . 2 9 

Yes 
Yes 
Yes 

560 
-1 
-80 

70 .5 
139.8 
72 .1 
72 . 6 
72.4 
/ X , 
0.52 
11.24 

Yes 
Yes 
Vc;, 

560 
-1 
-80 

70. 6 
140.0 
72.3 
73.0 
72.7 
72.7 
0 .52 
11.29 

Yes 
Yes 
Yes 

C l i p gauga dlsplacamant ( p l a a t i c ) 
- V , mm 
- V mm 
- V mm 
- V rara 

m 

2.46 
0 . 32 

4.16 

A p p r o p r i a t e c r i t i c a l a p p l i a d f o r c a 
- F. kN 
- F ^ kN 
- F'^ kN 
- F " kN 

m 

3 7 6 . 9 5 
350.63 

391.05 

C r i t i c a l COD-valuas (d) 
- 5. (onset slow c r a c k growth) ram 
- S''' ( u n s t a b l e f r a c t u r e / " p o p - i n " ) mm 
- 5̂ ^ ( u n s t a b l e f r a c t u r e / " p o p - i n " ( * ) ) mm 
- 5 (maximum f o r c e plateau) mm 

.Tl 

0 .80 
0.19 

1.27 

A c c o r d i n g Co BS5752: 1979 
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FAFRAM 2D a n a l y s i s o f T40 specimens 

Testname 
Geometry 
Edge c r a c k 
T h i c k n e s s (mm) 
A - law 

C 
M 
SIF 
Mk 

(N, mm) 

t 4 0 _ 2 d 
2D-Surface 

40.000 
P a r i s 
.18320E-12 

3.000 
Brown/Scrawley/Orange 
IIW-X/OMAE 

T h e t a ( d e g ) : 60 000 
Rho (mm) : 500 
L (mm) : 43 500 
Process p a r a m e t e r s 
A l p h a 050 
A i (mm) : 150 
N i 0. 
Stopped when : a i > a f 
A f (mm) : 20 000 
S t r e s s 
SigM (Nmm-2): 000 
SigB (Nmm-2): 200 000 

A i A/T Mkm-a Mm-a Mkb-a Mb-a DK-a Ai-t-1 Ni-l-1 
mm Nmm-1.5 mm 

0, 150 0, 004 3, 086 1 119 2 , 537 1. 115 397, 964 0 .158 650 
0, 158 0, 004 3. 039 1, 119 2 ,499 1. 115 401, 596 0 .165 1313 
0 165 0 004 2 , 992 1 119 2 ,462 .1., 114 405, 282 0 ,174 1991 
0 174 0 004 2 , 947 1, 119 2 ,425 I 114 409, 025 0 ,182 2684 
0 182 0 005 2 , 903 1 119 2 , 390 1 114 412 824 0 ,191 3391 
0 191 0 ,005 2, , 859 1 ,119 2 , 354 1 .114 416 .680 0 ,201 4113 
0 201 0 005 2, , 816 1 , 119 2 . 320 1 ,113 420 . 594 0 .211 4851 
0 211 0 005 2, , 774 1 , 119 2 .286 J. , 113 424 . 567 0 .222 5603 
0, 222 0 006 2, , 732 1 , 119 2 .253 1 ,113 428 .599 0 .233 6372 
0 233 0 006 2, ,692 .1̂  , 119 2 . 220 1 , 112 432 . 690 0 .244 7156 
0 244 0, 006 2 ,652 J_ ,119 2 . 188 1 ,112 436 . 841 0 .257 7956 
0 257 0 006 2 , 612 1 , 119 2 . 157 1 111 441 .052 0 . 269 8772 
0 269 0 007 2 , 574 1 , 119 2 . 126 1 111 445 . 322 0 . 283 9604 
0, 283 0 ,007 2, , 536 1 , 119 2 .096 1 111 449 652 0 ,297 10453 
0 297 0 ,007 2, ,498 J . , 119 2 .066 1 110 454 040 0 ,312 11319 
0 312 0 ,008 2 ,461 1 , 119 2 .037 1 110 458 487 0 327 12202 
0 327 0 ,008 2 ,425 1 , 119 2 .008 1 109 462 991 0 ,344 13103 
0 344 0 ,009 2 , 389 1 , 119 1 . 980 1 109 467 551 0 ,361 14021 
0 361 0 ,009 2, , 354 1 119 1 . 952 1 108 472 166 0 ,379 14957 
0, 379 0 009 2 , 320 1 119 1 . 925 1. 107 476. 834 0 398 15911 
0, 398 0 010 2 , 285 1, 119 1 ,898 1. 107 481. 554 0 418 16884 
0 418 0 010 2 , 252 :i 119 1 872 :i . 106 486, 321 0 439 17875 

e t c . 



SMOZ I n t e r i m r e p o r t 4 page D- 3 

FAFRAM 3D a n a l y s i s o f T40 specimens 

Testname : t 4 0 _ 3 d 
Geometry : 3D-Surface 
F i n i t e w i d t h 
T h i c k n e s s (mm) : 40.000 
W i d t h (mm) 210.000 
A - law • P a r i s 
C (N, mra) .18320E-12 
M 3.000 
C-law P a r i s 
C (N, mm) . 18320E-12 
M 3.000 
S I F Newman/Raj u 
Mk IIW-X/OMAE 
T h e t a ( d e g ) 60.000 
Rho (mm) . 500 
L (mm) 43.500 
OMMA 1.000 
OMMC 1.000 
OMBA 1.000 
OMBC 1.000 
I n i t i a t i o n S i n g l e 
Process parame t e r s 
A l p h a .050 
A i (mra) . 150 
N i 0. 
C i (mm) . 750 
S t o p p e d when a i > a f 
Af (mm) 20.000 
S t r e s s 
SigM (Nmm-2) .000 
SigB (Nmm-2) 200.000 

A i C i DK-a DK-c 
mm mra Nmm- 1.5 Nmm- 1.5 

0 150 0 750 376 .216 185 . 689 
Ü 158 0 751 377 . 908 193 . 951 
0 165 0, 752 379 . 516 202 .499 
0 174 0 753 381 .034 211 . 332 
0. 182 0 755 382 .458 220 .447 
0 191 0 756 383 . 783 229 .841 
0 . 201 0 759 385 .006 239 . 507 
0 211 0 761 386 . 125 249 .438 
0, 222 0, 764 387 . 141 259 .625 
0 , 233 0, 767 388 .055 270 .054 
0 . 244 0. 771 388 . 871 280 .714 
0. 257 0. 776 389 . 597 291 . 588 
0. 269 0. 781 390 . 241 302 . 660 

e t c . 

A i + 1 DC C i + 1 Ni-l-l 
mm mm mm 

0 ,158 0 .001 0 , 751 769 
0 , 165 0 .001 0 .752 1565 
0 174 0 .001 0 , 753 2391 
0 182 0 .001 0 755 3248 
0 191 0 .002 0 756 4137 
0 201 0 ,002 0 , 759 5061 
0 211 0 ,002 0. 761 6023 
0 222 0 ,003 0 764 7023 
0. 233 0 ,003 0 767 8066 
0, 244 0 ,004 0, 771 9153 
0. 257 0 005 0, 776 10287 
0 . 269 0, 005 0. 781 11471 
0. 283 0. 006 0 , 787 12708 
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FAFRAM 2D a n a l y s i s o f T70 specimens 

Testname 
Geometry 
Edge c r a c k 
T h i c k n e s s (mm) 
A - law 

C 
M 
SIF 
Mk 

(N, mm) 

t 7 0 _ 2 d 
2D-Surface 

70.000 
P a r i s 
.18320E-12 

3.000 
Brown/Scrawley/Orange 
IIW-X/OMAE 

T h e t a (deg) 60 000 

Rho (mm) 500 

L (mm) 55 000 

Process p a r a m e t e r s 
A l p h a 050 

A i (mm) 150 

N i 0. 

Stopped when a i > a f 
A f (mm) 35 000 

S t r e s s 
SigM (Nmm-2) 000 

SigB (Nmm-2) 200 000 

A i 
mm 

A/T Mkm- a Mm - a Mkb-a Mb - a DK-a 
Nmm- 1 . 5 

Ai-l-1 
mm 

Ni-t-1 

0. 150 0. 002 3 . 650 1. 120 3 , 143 1. 117 493. 863 0. 158 340 

0. 158 0. 002 3 . 590 1. 120 3 , 091 1. 117 497 . 699 0 . 165 689 

0. 165 0. 002 3. 530 1. 120 3 . 040 1. 117 501. 571 0. 174 1046 

0. 174 0 . 002 3 . 471 1. 119 2 . 991 1. 117 505. 481 0 . 182 1413 

0 . 182 0 . 003 3 , 414 1. 119 2 , 942 1. 116 509 . 430 0. 191 1790 

0. 191 0 , 003 3, 357 1. 119 2. 894 1. 116 513 . 417 0, 201 2176 

0 . 201 0, 003 3, 301 1. 119 2 ,847 1. 116 517. 443 0 211 2572 

0. 211 0, 003 3, 247 1. 119 2 , 801 1. 116 521. 509 0 222 2978 

Ü. 222 0, 003 3, 193 1. 119 2 ,755 1. 116 525. 616 0 ,233 3394 

0. 233 0 003 3 140 1. 119 2 .710 I . 115 529. 763 0 ,244 3821 

0. 244 0 003 3, 088 1. 119 2 . 667 1. 115 533. 952 0 ,257 4260 

0. 257 0 004 3 ,037 1. 119 2 .623 1. 115 538 . 183 0 269 4709 

0. 269 0 ,004 2 ,987 1. 119 2 .581 1. 115 542. 456 0 , 283 5169 

0. 283 0 .004 2 ,937 1. 119 7. .540 1. 115 546. 771 0 ,297 5642 

0 297 0 .004 2 .889 1. 119 2 .499 .1.. 114 551. 130 0 ,312 6126 

0 . 312 0 .004 2 .841 1. 119 2 .459 1. 114 555. 532 0 , 327 6622 

0 . 327 0 .005 2 . 794 1. 119 2 .419 1. 114 559. 978 0 . 344 7131 

0 . 344 0 .005 2 . 748 1. 119 2 . 380 1. 113 564, 468 0 .361 7653 

0 . 361 0 .005 2 . 703 1. 119 2 . 342 1. 113 569. 002 0 . 379 8188 

0 . 379 0 .005 2 .658 1. 119 2 . 305 1 . 113 573, 581 0 . 398 8736 

0 . 398 0 .006 2 .615 1. 119 2 .268 1. 112 578, 203 0 .418 9298 

0 .418 0 .006 2 . 572 1. 119 2 . 232 1. 112 582. 870 0 .439 9874 

0 .439 0 .006 2 . 530 1 . 119 2 . 197 1. 112 587 . 581 0 .461 10464 

e t c 



SMOZ I n t e r i m r e p o r t 4 page D- 5 

FAFRAM 3D a n a l y s i s o f T70 specimens 

Testname t 7 0 3d 
Geometry : 3D-Surface 
F i n i t e w i d t h 
T h i c k n e s s (mm) : 70.000 
W i d t h (mra) : 210.000 
A- law P a r i s 
C (N, mm) : .18320E-12 
M 3.000 
C-law P a r i s 
C (N, mm) .18320E-12 
M 3.000 
SIF Newman/Raj u 
Mk IIW-X/OMAE 
T h e t a (deg) 60.000 
Rho (mm) . 500 
L (mm) : 55.000 
OMMA 1.000 
OMMC 1.000 
OMBA 1.000 
OMBC 1.000 
I n i t i a t i o n : S i n g l e 
Process p a r a m e t e r s 
A l p h a : .050 
A i (mm): .150 
N i : 0. 
Ci (mm): .750 
Stopped when : a i > a f 
A f (mm): 35.000 
S t r e s s 
SigM (Nmm-2): .000 
SigB (Nmm-2): 200.000 

A i C i DK-a DK-c A i + 1 DC Ci-l-1 N i + 1 
mm irnn Nmm -1. 5 Nmm- 1. 5 mm mm mm 

0 , 150 0 . 750 466 .897 230 , 118 0 . 158 0 .001 0. 751 402 
0 , 158 0, . 751 468 . 369 240 . 366 0 , 165 0 .001 0 . 752 821 
0 , 165 0 752 469 . 713 250 .967 0 , 174 0 .001 0. 753 1256 
0 174 0 . 753 470 . 925 261 . 922 0 182 0 .001 0 . 755 1710 
0 182 0 755 471 . 999 273 . 227 0 191 0 .002 0 , 756 2183 
0, 191 0, 756 472 . 930 284 .877 0, 201 0 ,002 0. 759 2677 
0 201 0 , 759 473 . 718 296 . 864 0 , 211 0 ,002 0. 761 3193 
0 211 0 . 761 474 . 361 309 . 179 0. 222 0 003 0 . 764 3733 
0 , 222 0. 764 474 . 860 321 . 808 0. 233 0, 003 0. 767 4298 
0 , 233 0. 767 475 . 221 334 . 737 0. 244 0 004 0. 771 4889 
0 . 244 0 , 771 475 .451 347 . 947 0 . 257 0, 005 0 . 776 5510 
0 . 257 0 . 776 475 . 563 361 .418 0. 269 0. 006 0, 782 6161 
0 . 269 0 . 782 475 . 573 375 . 129 0 . 283 0 . 007 0 , 789 6844 

e t c . 


