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Svets som brustit

216 P 3 \
Nominell Metod: 7
Med rotstéd ger FAT 71 o~
Utan rotstod ger FAT 36 . Symmetry assumed
Livslangd = (36/71)3%0.13 Single symmetry Nominal FAT 71
N 2 choices of BC at right end

Livslangden sjunker till ca 1/8-del ! Nominal FAT 71/63/36
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Det finns FAT-varden for rekt. profiler

No. Structural Detail Description FAT
( St.= steel ) St.
234 Transverse butt weld splice in rectangu-
lar hollow section, welded from one
side, full penetration, root crack
- —
_________ root inspected by NDT 56
no NDT 36
233 Tubular joint with permanent backing 71

e

s
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Utan rotstod: FAT 36

Med rotstod: FAT 71

Dessa FAT stammer
med stumfogar ovan



Snitt genom svetsar, man hittade rotfel

Nytillverkad

Ursprunglig

Inget rotfel

Rotfelca 2.5 mm

Sida

Ingen fogberedning ?7?

Rotfelca 2 mm
Rotfelca 3 mm

Horn

Figur 20. Tvarsnitt av svetsen pa en ursprungligt tiliverkad och en nytillverkad bararm. Bild: Element Materials

Technology AB.
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Case 225 (med rotstodet "

C ase 225 X = positions with results Case 225 - Principal stress 2

ENS (R=0.3 mm ) 755
Draglast = 71 Mpa (=Fat t S —H‘ | :
Rotfel =2.0 mm 7. LA T :

-
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> S 1 -
L tz N BC < stiff:  disp¥=0 i - 60
\Jl‘ BC = flexible: disp Y free | 40
L 1 /II/ | gl
20
4 4 )
L‘L -2 o el 4 6
i b | 5 * UIF gure — D
i Ver. 1.6 | . :
Weld Joint Analyzer Weld Joint CASE  [CASE225 =
No, _  Yes
No, _ Yes 3
N/
5 _ - N
g T Thickness 56 / 7 Peniezlr(an:l;r} 0 Readme! | This APP computes Effective Notch Stress range for fatigue
- h | t1 (mm) Active i2 from nominal fension loads. It is done for different weld joint
~ fypes according to W Recommendafions nomenclature.
Active t1 No Yog Chooze CASE no (above), give appropriate parameter values
e at left (according to EXPLANATION - see below), then click
y, No, _ Yes Angle 30 v SOLVE to start the 2D FE-analysis |
Thickness 5 Z Beta (degr)
t2 (mm} r .
Active Beta
Active 12 No, _  ‘Yes .
S t d . / 7 | Show active KNOBs |
yl nme ry assume No__ Yes Height 1 4 Click here to get an
S o 4 P (mm) EXPLANATION
. L1 (mm) Active h
Nominal FAT 71 o FETOSONEL ot imputparameters
Active L1 S for the CASE chosen
Off (mm) o i
No,  Yes
Length 100 e
L2 (mm) v Active Of Message: | Input Ok - CASE solved!
Boundary | ctiff v No, _ Yes y =
Active L2 Conditions (BC) |7| 7 Note: | BC active !
T
Moy Y® Tension (MPa) Acve ¢
° oo Lengtn 0 2] :
leslan d N i L3 (mm) Load 1, LC | RESULTS: |
~nNo c e r Active L2 Tension (MPa)
Load 2, non-LC 0 ‘ Position ‘ | Principal stress (MPa)
No Yes .
Throat P N "{‘::1‘;:‘ ?;“[‘f; 03 Pos1 | Toe | 135
al (mm}) . -
! FAT - Toe 20 Pos2 | Root | 216
Active at (Mpa, def 225)
CAT - Root Pos3 | NIA | 0
No, _ Yes “hoo 340
Throst ; S (Mpa, def 225) poza | WA | 5
a2 (mm} . Inclination 5
- Pos5 | NIA | 0
Active a2 (getm=3)
No Yes Stand deviation 0.2 2250 ‘ A | 0
Penetration 1 L (defs=0.2in Log N) o )
i1 (mm) 7 Stress in critical paint (MPa) 216 | Root
BerioWeldDesi AB Sﬁ'e fﬁd“’; 100 Shortest char. Life 1.9348+07
e eform plof
erjovve esign Active it e Shortest median Life 4.857+07




O w | 4] Figure 203 = (] X

Case 216 (utan rotstodet

X = positions with results

ENS (R=0.3 mm T | 5: m
DraglaSt =71 Mpa =Fat _ ’,1 tL | )
Rotfel = 0.5 mm ¥ B | :

I | ; ' Bf;:£;;> dispy=0 U -

s
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Case 216 - Principal stress 2

m

w

50
At
2k a
-1 0 1 2 3 4 5 6 7 8
216 o
o i Ver. 1.6 | .
Weld Joint Analyzer | Weld Joint CASE  [CAsE 276 =
No, _ Yes
No __ Yes \\\\
) : .
Thickness / Pene;llallon I:l Readme! | This APP computes Effective Notch Stress range for fatigue from
t1 (mmy} 2 (mm) Active i2 nominal tension loads. It is done for different weld jeint types according
) to IV Recommendations nomenclature. Choose CASE na (above),
Active 11 No Yes give appropriate parameter values at left (according to EXPLANATION -
P see below), then click SOLVE to start the 2D FE-analysis |
No, _ Yes Angle _30 //
‘;” Thickness l:l \\\ Beta (degr}
12 (mm) %
Active Beta
Active t2 Mo, Yes
. /// Show active KNOEBs
Length No. ;s hHe'gm [ 1] Click here to get an
S . l_ L 270 {mm) . EXPLANATION
| ng e Syl nn Ietry " v Press to SOLVE ! of input parameters
Active L1 ”«\- . for the CASE chosen
2 choices of BC atright end meml o €

Mo, _ ‘Yes

. LZL?;%\T} |:| \ Active Off Message: | Input Ok - CASE solved! |
Nominal FAT 71/63/36 N C

Active L2 Conditions (BC)

Mo, _ Yes -
/// Note: | BC active ! |

No . Yes Active BC

L3 (mm} Load 1, LC | RESULTS: |
Active L3 Tension (MPa)
Load 2, non-LC l:l ‘ Position | ‘ Principal stress {(MPa) |

No, Y
Livslangd N = 5E6 cykler R A a— | | =
y . AT Toe Pos2 | Root (if not full penetr) | | 285 |
Active a1 (Mpa, def 225)
v P o o
i (Mpa, def 225) Pos 4 ‘ NIA ‘ | v |

a2 (mm)

Inclination _
ti Pos 5 NIA [
Active a2 (defm=3) ‘ | | |
Stand ceviation PDS 5 ‘ NJIA | | 0 |
No,__ Y85 (defs=02inLogN)

Penetration _ s
1 (mm) 51 75 Stress in critical point (MPa) | 285 Il Roat (i not full pensir) \

Stale factor Shortest char. Life 4.8740+06 [¢)
1.2240+07

Be rj oWeldDesi gn AB Active 11 deform plot Shortest median Life




Case 216 (utan rotstodet

ENS (R=0.3 mm

Draglast =71 Mpa (=Fat

Rotfel=1.0 mm

Livslangd N = 1E6 cykler

BerjoWeldDesign AB

Case 216
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File
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BC=stiff; dispy=0
BC = flexible: disp ¥ free 0
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Case 216 - Principal stress 2
400

200
i y 150

100

-2 o 2 4 6 8

= o #
i Ver. 1.6 | '
Weld Joint Analyzer Weld Joint CASE  [CAsE 215 =
No, _ Yes -
Mo Yes b
g >
> .
Thickness /'/ Pan_ezh'ahon I:I Read me! | This APP computes Effective Notch Stress range for fatigue from
1 {mm) i2 (mm) Active i2 nominal tension loads. It is done for different weld joint types according
to W Recommendations nomenclature. Choose CASE no (above),
Active t1 No Yes give appropriate parameter values at left (according to EXPLANATION -
N v Angl s see below), then click SOLVE to start the 2D FE-analysis |
o, _  Yes ngie _30 v,
Thickness I:l i Beta (degr) <
t2 (mm) s )
Active Beta
Active 12 No, Yes . .
_ Z | show active KNOBS |
Length No, _ Yes hHelght __1 - * g Click here to get an
i
LT (mm) il (mm sctivan _ EXPLANATION
N ¢ weY [ Press to SOLVE'! | of input parameters
- o es
Active L1 P for the CASE chosen
ooy | a]
Lencth No, _ Yes
en S )
12 (mgm) I:I N\ Active Off Message: | Input Ok - CASE solved!
Boundary | g No, _ Yes -
Active L2 Conditions (BC) |~7‘ | 7 Note: | BC active !
d
ND" ' Tension (MPa) Active BC
g [0 :
L3 (mm) Load 1, LC | RESULTS: \
Active L3 Tension (MPa)
Load 2, non-LGC l:l | Position | ‘ Principal stress (MPa) ‘
No Yes
Toat [ o N Notch Radius Pos1 | Toe | \ 110 \
21 (mm) (mm, def =1)
) FAT - Toe 200 Pos2 | Root (if not full penetr) | \ 412 \
Active a1 (Mpa, def 225)
. FAT- Rool o Pos3 | NIA | | 0 |
o Mpa, def 225
e 9 & 70T - o
aZ (mm) Inclination
Active a2 (def m=3) Fos3 | MA | | ’ |
Penetration ° 2 5 (vefs=02inLog N)
1 (mm) . /. Stress in critical point (MPa) [ 412 Il Rogp (if not full penetr )
Sucarle fadIU: 100 Shortest char. Life 7.6210+05
e i eform plof
Active i1 P Shortest median Life 1.9142+06




Case 216 (utan rotstodet

ENS (R=0.3 mm

Draglast =71 Mpa (=Fat

Rotfel =2.0 mm

Livslangd N = 0.04E6 cykler

hd! —
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rr _ O N 4 Figure 203 - [m]
File
Sde|0E
. . Case 216 - Principal stress 2
X = positions with results
Case 216 L 700
| sl 600
i1
tl st o5
— al
Lc 400
3t
300
ot 2
l ' BC=stiff dispY=0 al 00
BC = flexible: disp Y free
ok
100
At
0
-1 0 1 bl 3 4 5 6 7 B
= = -
4 U e = o X
Weld Joint Analyzer |Ver. 1.6 Weld Joint CASE [ CASE 215 |
No, _ Yes
9
Mo Yes N
w .
Thickness 58 ’ - Penglrahon 0 Readme! | This APP computes Effective Motch Stress range for fatigue from
1 (mm} i2 (mm) Active i2 nominal tension loads. It is done for different weld joint types according
) to IvY Recommendations nomenclature. Choose CASE no (above),
Active 11 No Yes give appropriate parameter values at left (according to EXPLANATION -
v see below), then click SOLVE 1o start the 20 FE-analysis |
No  _ ‘Yes Angle 30 V.
Thickness ) 4 Beta (degr}
12 (mm) S i
Active Befa
Active t2 No, Yes -
& | Show active KNOBs |
Mo, Yes Heignt 1 " Click here to get an
iyt 20 / f (mm) EXPLANATION
mm ’ S
Active h
N " | Press to SOLVE ! | of input parameters
Active L1 0\\\ 168 for the CASE chosen
Off (mm}) 0 N
Lenatn No,  Yes
en: 5
L2 (mgm} o 5 Active Off Message: ‘ Input Ok - CASE solved!
Boundary (g v No, _ Yes . -
Active L2 Conditions (BC) |7| 2 Note: ‘ BC active !
d
ND'\ Y Tension (MPa) Active BC
Length 71 .
L3 (mm) 0 Load 1, L& | RESULTS:
Active L3 Tension (MPa) 5 —
Lead 2, non-LC | Position ‘ ‘ Principal stress (MPa)
No, _ Yes
Thraat 0 S Notch Radius 0.3 Fos1 | Toe | 2
a1 (mm) b {mm, daf=1)
FAT - Toe 300 Pos2 | Root (if not full penetr ) | 743
Active a1 (Mpa, def 225)
EAT - Root Pos3 | NiA | 0
No Yes - 340
P (Mpa, def 225)
Throat » AN Fos4 | NIA | 0
a2z (mm) Inclination 5 Pos5 ‘ MIA | 0
Active a2 (defm=3)
Stand deviation 02 Poss | LI | g
Penetration 15 No, /%.Yes (defs=0.2 in Log N)
it (mm) . v Stress in critical point (MPa) 743 Root (ot full penetr.)
Scale factor 100 Shortest char. Life 4.003e+04 ~
Active i1 deform plot

Shortest median Life 1.007e+05



Livslangd (cykler)

Cases 118 - Principal stresd 2

Livslangden for olika rotfel

Livslangd stumfog med o utan rotstod, drag =71 Mpa (Fat)

2.0E+07 )
¢ 2

1.8E+07 7
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8.0E+06 ¢ Medrotstod« - ' e "
6.0E+06 - - =Karakt. Liv (FAT) . . °

4.0E+06

2.0E+06 Slutsats:

0.0E+00
0 0.5 1 1.5 2 2.5 Utan rotstod faller

Rotfel (mm) livslingden dramatiskt om
rotfelet okar.
Med rotstod fas mycket storre
livslangd
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Summerat

* Haverikommissionen identifierade foljande brister
* Bestallning (aningslos)
* Tillverkning (slarvig)
* Kontroller (fel punkt)

* Jag tycker ocksa Konstruktion och design ar en brist
* Borde tydligt pekat ut rotsidan som kritisk
* Borde beskrivit detta pa ritningen (tex kvalitets- och inbranningskrav)
°c >
* D4 hade fokus hamnat pa

 Hur man ska svetsa for att undvika inre fel
* Vad och hur som ska kontrollerats (forstorande provning?, ultraljud?)
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