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Different stress measures at the toe

~
NT T ———
<\ computed local stress /! - ~<\ J;he APPS do this
~

ref points

~N
N
N
stress on surface N

N\
\

\
| | o \
i —_— — ~
—e - >~
~ hotspot ( F  nominal stress )

S _ e

Nominal stress is accociated with "far
away”
Hot spot is associated with extrapolated stress

Effective notch stress is associated with the local stress using a
fictitious radius of for example 1 mm (as welded)
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Two APPs for quick analysis of fatigue in welded joints

4 Ul Figure - o X Weld Optimizer (ver. 2.2)
B Needed input:
Weld Joint Analyzer Ver. 1.5 : o3 ;
—— CASE 416 Geomet @ Q -
No,  es Weld Joint CASE M Plate thickness. t (530 mm) 16 20 L = Min a 4 Max a 1
Ko, vas 5 "
" o o n
Thlcknes; 20 / # FEHIEZH[T;';'T 0 Readme! | This APP computes Effective Notch Stress range Throat size, & (mm) 10 Min i 0 Max i 59
1 (mm) ' Active i2 for fatigue from nominal tension loads. It is done 40
for different weld jeint types according fo [IW
Active t1 No Yes Recommendations nomenclature. Choose CASE Penetration, i (mm} 0 20
e no (above), give appropriate parameter values at
No, _ .Yes Angle 0 \, left (according to EXPLANATION - see below Char. no of cycles (at max stress) 7.112e+05
Th'\gkness 15 7 Beta (dear) then click SOLVE to start the 2D FE-analysis ! Tension Load Carrying (MPa) 80 0
(mm) //
Active Beta 20 Median no of cycles (at max stress) 1.786e+08
Active 12 No, _ .ves Tension non-Load Carrying (MPa) 60
™y Show active KNOBs -40 Stress results -inc 2,
Length ] o) 0 . Click here to get an Optional input: 400
L1 (mm) ' Active h - sovEr EXPLANATION ’ 60
ress to ! of input parameters
FAT-value (MPa 225 -80 300
Active L1 Moy e for the CASE chosen W) ~100 -50 0 50 100
Off (mm) 0 N Inclination, m 3
Length No,  +Yes Standard Deviation (log-N) 0z 200
i i en 7 R
Overview of Butt Joints (caseromfg—szerera) 2 [mgm: 300 . Active OFF Message: | Press SOLVE and wait, may take some time ’ a
_ Boundary (G| No,_ ves _ _ | Push button to evaluate ! | =
Jp— Activel2  Conditions (BC) 7 Note: | BCactive ! i
~Enii e Life target (cycles) Te+05
3 . Message: |Input OK !
NO.\ Yes Tension (MPa) Active BC Chose Life probability | Characteristic Life 0
Length 0 ension (MPa 24 RESULTS:
ol FT 80 L3 (mm) Load 1,1C :
Active L3 Tension (MPa) o i " — _
. Load 2, non-LC 0 Position Principal stress (MPa) - (i zat] pri (=5 ts =8 s ol 350 Gom = &
~TEE- E No,  Ves @mum Out
- Throat 7 7 Notch Radus 1 Pos 1 NIA 0 5 Life target ( ——=S1-R,——=S1.TL, 2
. S — pr—— s (mm, def=1) 53 4 nf
Hominal FAT 36, Naminal FAT 71 Norrinal FAT 71 atl (mm) ‘ - .
FAT - Toe 225 Pos 2 NIA 0 5 it 1
— Active a1 (Mpa, def 225) ¥ i
FAT - Root Pos 3 NIA 0 4
- - - - Roo = * *
Overview of Fillet Joints (casenoimfig—seeretyyy [ Nﬂ-\\\ JYes (Mpa, def 225) 25 e NA 0 E 3
oAb Throat 0 \, = N =" 1
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Do symmetr Active a2 * * * * =
Norsin P 73/40 . Pos6 NiA 0 1 2
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Penetration 3 N (defs=0.2in Log N} . . 0 * * * #* 0 #*
e i1 (mm) Vi Stress in critical point (MPa) a NiA
Scale factor : =1 0 ]
[rr— Active 1 deform plot 200 S 0 2 4 6 8 10 12 14 | | | | |
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Weld Joint Analyzer for Weld Optimizer for
—* 18 different types of joints Fillet welds / cruciform joints

(automated FE-models) (interpolation in a database)
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Weld Joint Analyzer

- Ver 1.6 -

This App “translates” nominal stresses into ENS-stresses for 18 different weld joints



Background

* This APP translates the nominal stresses on some weld joints into the Effective
Notch Stresses (ENS, see ref [4 & 5]) using the R1-concept in a FE-model, which is
built in the PDE-module of Matlab. The radius (default R=1 mm) is an input and
so it is possible to use R=0.3 mm or R=0.05 mm for thinner plates, see ref [6].

* The user can be without any experience of FE and mesh-sizes since the model is
automatically built with appropriate size and type of the elements ( quadratic
triangular plane stress elements). The geometries are taken from IIW
Recommendations and, see ref [1], for those cases where the geometry can be
viewed as a 2D section of the joint. In summary, there are 8 butt joints and 10

fillet joints described, all parameterized.

* The computed results consist of graphs over stresses in the radii and colour plots
of Mises and principal stresses. These plots can be manipulated using the Matlab
features, like zooming. Further, the shortest fatigue life is also computed.
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Overview of Joints analyzed

( Case no refers to IIW Recommendations, ref [1] )



Overview of Butt Joints ( CASE no in fig — see ref [1] )
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Double symmetry assumed

Nominal FAT 80 / 90 (*)

Single symmetry
2 choices of BC at right end
Nominal FAT 80

-

W

No symmetry

2 choices of BC at right end

Nominal FAT 71

Single symmetry

2 choices of BC at right end
Nominal FAT 71/63/36

224

Double symmetry assumed
Nominal FAT 36

- - <
R WY
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¥
¥ _,-]

Symmetry assumed
Nominal FAT 71

Symmetry assumed
Nominal FAT 71

(*) FAT is the characteristic strength (nominal stress range, Mpa) for reaching 2E6 cycles with 95% probability, ref [1].
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Overview of Fillet Joints ( CASE no in fig — see ref [1])
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Double symmetry assumed . 1
Nominal FAT 71/80

Double symmetry assumed
511 Nominal FAT 71/63/40/36

| —

415

A

Single symmetry

2 choices of BC at right end

Nominal FAT 71/36

611

o

Single symmetry

R~

2 choices of BC at right end
Nominal FAT 80/71 Nominal FAT 63/45

Symmetry assumed (axi sym modelled !)
Nominal FAT 71
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Double symmetry assumed

Single symmetry
2 choices of BC at right end
Nominal FAT 71

614

812

|_
|
I

>

No symmetry
2 choices of BC at right end
Nominal FAT 63/36

No symmetry (axi sym modelled !)

2 choices of BC at right end

Nominal FAT 63/36



GUI — some general guidance



4. Ul Figure

No,  Yes
Thickness 0 -

Weld Joint Analyzer

Ver. 1.5

1 (mm) -
Active t1
MNo, Yes
Thickness 0 i
t2 (mm) ol
Active t2
Mo es
Length 0 o
L1 {mm)
Active L1
Mo,  Yes
Length 0 %
L2 {mm) .
Active L2
Mo, Yes
Length 0 :
L3 (mm)
Active L3
No, Yes
Throat 0 i
atl (mm) 7/
Active a1
Mo, Yes
S,
Throat 0 N
az2 (mm)
Active a2
. No,  _Yes
Penetration 0 2
i1 {mm) i
Active i1

Penetration
i2 (mm)

Anagle
Beta (degr)

Height
h {mm)

Off (mm)

Boundary
Conditions (BC)

Tension (MPa)
Load 1, LC

Tension (MFPa)
Load 2, non-LC

Notch Radius
{mm, def =1)

FAT - Toe
(Mpa, def 225)

FAT - Root
(Mpa, def 225)

Inclination
{def m=3)

Stand deviation
{defs=0.2 in Log M}

Scale factor
deform plot

Stiff

— [ >
[ ]
e e GUIl overview
\ Read me! | This APP computes Effective Motch Stress range
e i for fati fi tensi ds. It is d
Adtve 2 for diferant weld jomt types accorang o v | Step 1:
F dati lature. C CASE
No e no (above), gie appropriate parameter vaues 2t | The GUI expects as first action to make the
9 left (according to EXPLANATION - see below),
then click SOLVE to start the 2D FE-analysis | ChOice Of CASE tO ana'yze.
Active Beta _———— = = == — - == _
N \( = .
°rq S es Show active KNOBs A)/ Step 2:
» Click here to get an \ .
o : - EXPLANATION . Press here for a.g-raph of input parameters
No s ress to : of input parameters \ and output positions No, .Yes
o for the CASE chosen \ 5 N
\ \ .
T Step 3: !
Active Off Message: Press SOLVE and wait, may take some time 1 P ” ” . .
ress "KNOBS” to see which input
hd Nﬂ't\ Yes Note:  Mone 1 ” In p .
N 1 : parameters are used (="yes”) for this
\
Active BC - ' CASE
o RESULTS: el E
I e e e e m=m—~
0 Position Principal stress (MPa) Step 4: \l
1 Pos 1 NIA 0 Give input parameters in the white-marked /
. : !
T Pos 2 NiA 0 section and check for ev. messages in blue.
- Pos 3 NIA 0 |- - When done — press SOLVE !
Fos 4 MIA 0 \\
3 Pos 5 NIA 0 Step 5:
— Pos 6 NIA 0 Study the output in the grey-marked
Stress in critical point (MPa) | 0 NI section and also in the graphs given
100 Shortest char. Life ] durlng the solution. 10
J Shortest median Life 0 ) )
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Demo APP — Weld Analyzer

( studying case 215 — butt weld )

RUN:

Thickness 20 mm in mainplate, L=200 mm
Thickness 10 mm in backing bar, L=50 mm
Penetration width i=5 mm

Butt weld geometry: B=30° & h=0.15t=3 mm
No symmetry

2 choices of BC at right end Apply nominal FAT-level & check if notch stress = 225 Mpa
Nominal FAT 71



Summary of demo case 215

(&

Case 215

S
LAWISEOEH

X = positions with results

[ U Figure - O b4
Weld Joint Analyzer |Ver. 1.5 Weld Joint CASE  [casezis v |
Mo,  ,Yes S —
No,  Yes \
Thickness 20 / Penetration Ijl Readme! | This APP computes Effective Motch Stress range
t1 (mmy) i2 (mm) Active 12 for fatigue from nominal tension loads. It is done
. for different weld joint types according to [IW
Active 1 No Yes Recommendations nomenclature. Choose CASE
'//' no (abave), give appropriate parameater values at
_ Mo,  ,Yes Angle / left (according to EXPLANATION - see below),
Thickness / Beta (degr) then click SOLVE to start the 2D FE-analysis |
12 {mm)
Active Beta
Active t2 No, _ Yes
- / | show active KNOBs |
No,  Yes &g -3 - Click here to get an
Py '/ n(mm) EXPLANATION
mm i —
N"“""”: (Pressto SOLVE! | ofinput parameters
Active L1 °-\\- & for the CASE chosen
orem [ 1] (8
No, . Yes
Length v )
L2 (mm) /) Active OFF Message: Input Ok - CASE solved!
Boundary SHiff - NO. _YBS =
Activel2  Conditions (BC) | | / Note:  BCactive!
No, _ .Yes Active BC
Length Ijl N Tension (MPa) _71 :
L3 (mm) Load 1, LC o | RESULTS: |
Active L3 Tension (MPa)
Load 2, non-LC Ijl | Principal stress (MPa) |
No ‘Yes )
N Motch Radius 1 -
R R —— S
FAT - Toe Pos 2 Upper Left Toe 136
Active a1 (Mpa, daf 225} | | | |
Pos3 | Backing Bar Toe | I
No. S pFaATdégoztg} 22
o 5 -
Teat [ g \ Pos4 | Open Backing Bar Root | L 1—4 -
5 -
a2 (mm) Incinaton Pos5 | Left Backing Bar Root | | on2
Active a2 -
o o Stand deviation Pos 6 | Right Backing Bar Root | | 125 |
Penetration // (def£=0.2in Log M) R ) :
1 (mm) /. Stress in critical point (MPa) | 267 ||  Open Backing Bar Root |
Scale factor 100 Shortest char. Life 1.196e+06
Active i1 deform plot

Shortest medfanLy' 3.004e+06

Although nominal FAT 71 is applied, the life 2E6 cycles is not reached !
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Conclusions Weld Analyzer

 The nominal method is often not accurate and can deviate from target life
of 2E6 cycles for the FAT-level. The nominal result is often conservative,
but not always — non-conservative findings happens!

* The APP "Weld Analyzer” is an easy to use tool to quickly and accurately
analyze commonly used weld joint types, since the ENS-method* is being
used.

(*) ENS = Effective Notch Stress Method



Weld Optimizer

- Ver 2.2 -

This App "translates” nominal stresses into
ENS-stresses for fillet welds a4

Double symmetry assumed
Nominal FAT 71/63/40/36



Weld case, analysis methods.

This Matlab App computes the R1-concept stress, see ref [1] and [5], respons for any combination of load-
carrying and non-load carrying nominal tension in cruciform H’oints, see figure below. It is here assumed that
loads are proportional and working simultaneously. One could express this like: nominal tension stresses are
translated into local R1-stresses.

The geometry of the weld can be varied for thickness (5-30 mm), for throat size (variation depends on
thickness) and penetration (variation depends on thickness).

For t <10 mm, R=0.3 mm was used in the FE-analysis, see more in ref [6], but then the computed stresses are
scaled according to different FAT-values (FAT225/FAT340=root & FAT225/FAT300=toe) so that all results in the
App are referring to R1. The FAT-values for R=0.3 mm is an upgrade made March 2020 from ref. 1: IW
Recommendations / Hobbacher (from FAT 320 for both toe & root to FAT 300 Mpa for toe & FAT340 for root).
Note that for R=1, FAT is same on toe and root, but for R=0.30 there is a difference between toe & root.

The results are presented as principal stress ranges in three possible critical points: weld root, weld toe up
and weld toe low. Besides the computed stresses, an overview of possible critical points are plotted + curves
for same fatigue life (=same stress).

The computed stresses are determined from interpolation between a lot of 2D-FE-models (6 throats*6
penetrations*12 load-comb for each thickness.

.
—|:_>:I—r Non-load carrying Jl I\z
Figure n

} Load carrying N




Definitions and background

Low demands

Medium demands

o — Definition of throat size (a) and penetration (i)

Design for purpose:
One example where differents loads lead to different requirements
and further different welding processes in the workshop.
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GUI — some general guidance



Overview of the Matlab APP, in- & out-put Computec

life in cycles

The analysis is made when the push button is pressed !

P eodea input Weld Optimizer (ver. 2.2) _ ) _
PIatelmckness,l(S-IBUmm) 15 80 Genme Ty M,w,hla 4 Max a 12 Ce”S (grey) at rlght -
Throat size, a (mm) 3 jz _ /,’lll\ulmi 0 Maxi 54 OUtp Ut pa ram ete rs
Penetration, i (mm) 2 20 - <] ,’l
Tension Load Carrying (MPa 80 0- W
( ) -20 - ﬂ!ledian no of cycles (at max stress) 2 51e+06 \ Geometry Of Cu rre nt
Cel IS (Wh ite) at |eft Tension non-Load Carrying (MPa) 55 N ,', - B L.
] — ET — N /, o7 Stress results - in columns We I d+|oadS’ Crltlca I
= Input parameters e [ el O points (x) indicated.
Sndard Ot o) |07 ¥
Push button to evaluate ! | = '™
i e R a - '\
— 5 ritical point { =S1R, o-S1TL, :N 10 TSGR SITL S0 SR SaTL saTU Stresses Computed fOr Cu rrent
; Life target ( ——=$1-R,———S1.TL,—~S1.TU ) . .
Symbols (*, o, x) in diagram — 4 6 case (function of t, a, i and
indicate which point in the EN IR tensions).
weld is critical (root, upper | e Colours match in all figures.
toe or lower toe) for this e
(mm)

comb of t, a, i and loading.

Red line (---) indicate where Root-o = life target
Green line (---) indicate where Toe-Up-o = life target

Blue line (---) indicate where Toe-Low-o = life target
18
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Demo APP — Optimizer

( Study how to find the optimal weld throat )



Optimal throat size

* Optimal: have the same fatigue stress in weld toe & weld root

* Run case

* Thickness t20 mm
Throat size a=10 mm, no penetration (i=0 mm)
Nominal tension: ._1:: — 67 Mpa
Load carrying stress = 124 Mpa
Non-load-carrying stress = 67 Mpa {
Characteristic life target = 350.000 cycles

124 Mpa

* Does the suggested weld geometry (a & i) fulfill optimal design and life target ?



Double symmetry assumed

NOmine” ansats Nominal FAT 71/63/40/36

* Slarvern kanske bara kollar tasidan (FAT 71):

413

t =) El

414

a“_. )
F 7  F
- I

e Pakanning 124 Mpa, FAT 71 ger N = 2E6*(71/124)3 = 375.000 cykler > mal Ok!

 Koll pa rotsidan (FAT 36):

» Pakdanning roten = 124*(t/2a) = 124 Mpa ger N = 50.000 cykler << malet, ej Ok!
* Prova inbranning 5 mm =2 pakanning roten =92 Mpa = N = 120.000 < malet...

e Slutsats:

* Man maste ha full inbranning (full fogberedning) = tasidan kritisk men Ok, se ovan

BerJo-WeldDesign AB
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Results from the App

"Weld Optimizer”

Initial results, al0, i0
Weld root most critical, toe is not
Life target is not met (75.000 cycles vs 350.000 cycles)

4| Ul Figure - a X
Weld Optimizer (ver. 2.2)
Needed input:
Plate thickness, t (5-30 mm) 20 100 EETIED Min & 5 Max & 16
| coloured X = critical point
Throat size, a (mm) 10 Min i 0 Max i 7.9
50
Penetration, i (mm) 0
k— C— -ﬂ Char. no of cycles (at max stress) 7.457e+04
i 0
Tension Lead Carrying (MPa) 124
Median no of cycles (at max stress) 1.873e+05
Tension non-Load Carrying (MFa) 67
=0 e Stress results - in columns
Optional input:
_ -100
FAT-value (MPa) 225 100 50 0 50 100 500
Inclination, m 3
Standard Deviation (log-N) 02 - 400
o
| Push button to evaluate ! | =
200
Life target (cycles) 3.5e+05 553
i . —— Message: |Input OK'!
Chose Life probability | Characteristic Life = w 0 7 =
Critical point [ *=S$1-R, 0=51.TL, x=81-TU ) -200
51-R  S1-TL S1-TU S3-R  S3-TL S3-TU
z Life target { -——- =51-R,———=51-TL,——=51-TU )
10 | T T T T T T
6 * * sl b I
= —
= * + * ~—— I
£ 4 6 | - |
= #* * #* #* — | —
£ |
2 E ap — I
* * * * * * = | ~_]
of * * 0 #* * * & : |
|
, ol L B
h 4 6 3 10 12 14 16 18 2| |
o 4 6 2 10 12 14 16 18
a (mm)

4 Ul Figure

Needed input:
Plate thickness, t (5-30 mm})

Throat size, a (mm)
Penetration, i (mm})

Tension Load Carrying (MPa)
Tension nen-Load Carrying (MPa)

Optional input:

FAT-value (MPa)
Inclination, m
Standard Deviation (log-N)

Life target (cycles)

Weld Optimizer (ver. 2.2)

20

il

124

67

225

02

3.5e+05

Geometry

100

| coloured X = critical point

T
SN

-100
-100 -50 0 50

100

| Push button to evaluate !

—=51R,——=S1TL, 2

Min a 5

Min i 0

Char. no of cycles (at max stress)

Median no of cycles (at max stress)

Max a

Max i

79

3.575e+05

2.979%e+05

Stress results - in columns

400

300

200
=
o
=

100

-1

-100

31-R S1-TL S1-TU S3-R  S3-TL S3-TU

Message: | Input OK !
Chose Life probability | Characteristic Life v
Critical point [ *=S1-R, 0=51- 2 " =
|
Life target ( —
8 10
o |
sl * * sl
T * * * |
£ 4 6r |
= * * * * = |
F
2 E 4 |
* * * * * * = |
ol * * * * * * 2r :
-2
4 g 8 10 12 14 16 18 |
a (mm) 2y 5 2

Final findings, a6, i7
Weld toe and root are equal stressed (optimal weld)
Life target is met
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Conclusions for the APP "Weld Optimizer”

 The APP can give quick and accurate guidance for fillet welds design.

e Useful for cases like:

Quickly find weld parameters meeting life target

Reduce weight (reduce thickness) while keeping life target

Reduce weld size and thereby welding time and consumables

Finding an optimal weld geometry

etc



Summary of the 2 APPs

* Two (2) Apps have been developed for quick weld joint analysis (ENS-method)
* They are using Matlab, but are free-standing for a user (Matlab not needed)

* Running time for an analysis is appr. 1 seconds to 1 minute

* A free copy can be tried for a period of 1 month

* Requirements for PC: Windows 10, appr. 1 Gb memory.

Link to homepage: https://berjo-welddesign.se/index.html
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