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» This step-by-step tutorial demonstrates how to implement the fatigue
check according F.E.M. 1.001 and Eurocode 3 in SDC Verifier.

» FEM 1.001 Fatigue and Eurocode 3 detailed review;
» Implementation in SDC Verifier;

» Weld Finder Tool overview;

» Fatigue tables and plots;

» Report preparation and results.
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Fatigue F.E.M. 1.001

Allowable Stress Desigh method

The following formulae give for all values of k the permissible stresses for fatigue [permuss:ble stress)
4 Ot N/mm?
a) k<0 Oy =240
- for tension : 0=5.0,/(3-2.x) (1) 250
- for compression : oc=2.0uw/(1-x) (2) / //7
Oy is given in table above. A ///
7, 4
b) «x>o0 / / 7 / /
- for tension or=0o/[1-x.(1-00/04)] (3) / ///
- for compression 0c=12.0 (4) W, / f/é/ 1150 W
/
0
where oo = tensile stress for x = 0 is given by the formula (1) that is : - 7‘ é 100
00 =1,66 . Gu K, / [
/
o+ = tensile stress for k = + 1 that is the ultimate strength or divided by the coefficient of safety K3 " /
4/3: 01 =0,75. 0, il
1 =0,75. 0r ] 50
oy is limited in every case t0 0,75 . or . K
4
By way of illustration, fig. A.3.6.1. shows curves giving the permissible stress as a function of
the ratio x for the following cases :
- steel A.52 ; 0 K
- predominant tensile stress ; —
- group E6 ; -1,0 08 -06 04 0,2 0 0,2 0,4 0,6 0,8 1,0
. :;::su;octtugr;(‘ cases W, W4, W> for unwelded components and cases of construction for Ratio between the extreme stresses

Figure A.3.6.1. - (A 52; tension; group E6)

The permissible stresses have been limited to 240 N/mm?, i.e. to the permissible stress adopted
for checking for ultimate strength.
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Fatigue in SDC Verifier SD

VERIFIER

Kappa Factor [v" Add Custem Check — a x
Options
D |E | Title |Fatigue Check | | Calculate Results over Directions
Kx = Oxmin "‘ Ox max Hias |Fatigue_Ched{ | | Calculate Results over Points
Ky = Oy min / Oy max Description | | Load Calculation |Lnad(‘:mp{}l3r v |
Kxy = Txy min / Txy max [] Show Parameter Description Selection | Al Entities |
Parameters (4) / Replacements (0)

{Parameter = Kappa (Kappa Factor)
Description: Ratio between the extreme stresses
jp11: if(Sweldabs > @, SweldMin / SweldMax, SweldMax / SweldMin}

Allowable Stress

{[Farameter = 5F (stress Fatigue)
a) KSDf tension : =5 3.2 1 [Description: Permissible stress for fotigue depends on the element group (EI1-EB) and weld type
- foriension - o= E (3-2.x) (1) 311: Min(units.FromPaToCurrent({Switch{MaterialType, Fe36@8, 5f Fe3&@(ElementGroup, WeldType),
= .
- for comprassion : 0c=2 . aul (1-%) @) |Fe51@, sf_FeSle(ElementGroup, WeldType})), .75 * Tensile)

|
|Parameter = Sallow fatigue (Allowable Stress Fatigue)

Description: Appendix 3.6, formulas (1)-(4)
all: if(Kappa > @, if(Sweldébs > @, 1, 1.2} * (5 /3 *sf) / (1 - (1 - (5 / 3 * sf) / (B.75 *

(] ] (] [] [#]

oy is given in table above.

b) K >0
- for tension o =0p/[1-k.(1-06/04)] (3) tensile)) * Kappa), if(Sweldabs > @, (5 * Sf) / (3 - 2 * Kappa), (2 * 5f) / (1 - Kappa)))
JEqv.: ©
- for compression o.=1,2.0 (4) |

{Parameter = Uf (Utilization Factor)

Pescription: Appendix 3.6, egquivalent rule - (5)

. . . 811: Abs(Sweldibs) / Sallow Fatigue

Utilization Factor Combined XY/YZ/ZX: Abs(Sweldbs) / (Sallow Fatigue / if(WeldType <= Weld K4, SQRT(2), SQRT(3)))

[Eqv.: pow(me.x, 2} + pow(me.y, 2} + pow(me.z, 2) + pow(me.xy, 2} + pow(me.yz, 2) + pow(me.zx, 2)
- sign(Sweldabs.X) * me.x * sign{Sweldibs.¥) * me.y - sign({SweldAbs.¥) * me.y * sign(Sweldibs.Z)
* me.z - sign(SweldAbs.Z) * me.z * sign(Swesldabs.X) * me.x

Overall: Max(me.x, me.y, me.z, me.xy, me.yz, me.Ix, sqri{me.eqv))

(Ox max / Oxa )2 + (Oymax / Oya )2 -

Oxmax.oymaxé(|0xa|-|°ya|)+

('nymax/Txya) s 1
W

where the stress values o.a, 0ya and Tya are those resulting from the application of formulae (1), @ @ | oK ‘ ‘ Cancel |

(2), (3) and (4) limited to 0,75 . og.
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Stress Fatigue SDC

VERIFIER

Stress Fatigue is used in Fatigue Allowable stress

_ Stress Fatigue depends on:
sledamen - Weld Type (WO-W2, KO-K4);
- Element Group / Loading Group (B1-B6);
k<0 - Material Type (S5t360/5t37, St510/5t52).
- for tension : crt=5.(3-2.1c) (1)

- for compression : ;=2 (1-x) (2)
Corresponding values of Stress fatigue in SDC Verifier:
[v" Extreme Table = O X
Table T.A.3.6.1. | #4

Values of aow depending on the component group and construction case (N/mm?)

Extreme X Y Z XY YZ ZX Eqwv Owerall
W I i
Unwelded components Construction cases Description | [+]
Com- Construction cases (Steels St 37 to St 52, Fe 360 lo Fe 510) Value 0.0956e+6 | 0.0956e+6 0.1275e+6 0.1478e+6 |  0.0000e+6
ponent Wy [ W, [ W TroE Elemert ID 499 326 326 326 326
group |Fe 360 Fe 360 Fe 360 — M
St37 | St52 | St37 | St52 | St37 [ St52 | Ko K Kz Ks Ke Check |2 Fatigue |
St44 |Fes510| st44 |Fes10| Sta4 |Fesio o o |'|..L1—L4 | E‘ Vet 0.1138e+6 | 0.0956e+6 0.1275e+6 0.1478e+6 | 0.0000e+6
E1 2491 | 2980 | 2117 | 2533 | 1744 | 2086 |(361.9)|(32p.1)|(2714)| 1939 | 1163 Element 1D 326 326 326 326 326
Table Type |Faaneter over Directions V| Absolute
E2 2244 | 2617 | 1907 | 2224 | 1571 | 183.2 |(293.8)| 26p.3 | 2203 | 157.4 | 944
Parameter | stress Fatigue ~|| Value 0.1138e+6 | 0.0956e+5 0.1275e+6 0.14782+6 | 0.0000s+6
E3 | 2022 | 2208 | 1718 | 1953 | 1415 | 1608 | 2384 | 21p.0 | 1788 | 1277 | 766 e e e g O shor Hemert ID 125 25 26 326 326
E4 1821 | 2018 | 15848 [ 1715 | 1275 | 1412 | 1935 | 17¢,8 | 1451 | 103,7 | 622 ElerT
E5 1641 | 1772 | 1395 | 1506 | 1149 | 1240 | 1571 140,3 1178 842 505 IE‘
All weld
E6 | 1478 | 1556 | 1257 | 1323 | 1035 | 1089 | 1275 | 1138 | 956 | 683 | 410 riwees
WX
E7 | 1332 | 1366 | 1132 | 1162 | 932 | 957 | 1035 | 924 | 77,6 | 554 | 333
E8 1200 | 1200 | 1020 | 1020 840 84,0 B4.0 75,0 63,0 450 270
Eererts
Fill Table oK || Ccancel
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Weld Type SDC Iz

VERIFIE

Weld Type - also called Notch Case, defines which Case K2 - Medium stress concentration
elementS belong tO What Weld type (KO'K4 = JO]I’\tS Reference Description Figure Symb0|
ff in -W2 - men nd ioin Parts of different thickness butt ]
affected by welding, WO0-W elements and joints, e e | Ty e
not affected by welding). Weld Type depends on 2.1 direction of the forces. Asymmetrical :ﬁ:a-»
shape, structural design, whole pattern or type and ?'?,f’;f 11in 3 (or symmetrical slopes : | <7 ><
quality of welds.
Cruciform joint made with K-welds D
24 (S.Q.) perpendicular to the direction of o) E L«
Case Wg the forces -
Reference |Description Figure Symbol
Parent metal, homogeneous surface. -
Wo Part without joints or breaks in continuity Case Kj; - Severe stress concentration
(solid bars) and without notch effects - Butt weld with backing strip and no
unless the latter can be calculated. 3,11 backing run. Backing strip secured by 4—@ —_ <
. . intermittent tack welds
Case Ky - Slight stress concentration -
o ) Cruciform joint made with K-weld D
Reference | Description Figure Symbol 3.4 (0.Q.) at right angles to the direction } f
> 7 4>H of the forces -
0.1 Parts butt-welded (S.Q.) at right
angles to direction of forces P 100 Case K, - Very severe stress concentration
- - M
Reference |Description Figure Symbol
Case K; - Moderate stress concentration Parts of different thickness butt >b
4.1 welded (0.Q.) at right angles to the -
Reference |Description Figure Symbol direction of the forces. Asymmetrical
- >P position without blend slope ><
Parts joined by butt welding (0.Q.) at 5 100 _ o _ P D
1,1 right angles to the direction of the Cruciform joint made with fillet weld Al
forces - - or P10 44 (0.Q.) at right angles to the direction
>< of the forces >
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Element Group §DC M

RIFIER

Element Group also called Loading Group depends on: Class of Utilization, Load Spectrum.

Example of Load Cycles: Load Spectrum

Load Cycles Number Total Table T.2.1.4.3. - Spectrum classes
Moves per hour 30 Symbol Spectrum factor ks,
Hours per day 10 300 P1 ke < 0,125
Days per year 300 90000 §§ gjzgg < :sp i g,ggg
Number of Years __ 20| 1800000 P4 0500 < ke < 1.000
Total | Million: 1.8

kep = (01/ Omax)® (N1 /1) + (02 Omax)® (N2 / M) + ..o +(Od Oma)® (N 1) = Z [ (0 Omax)® (i /1) |

r i=

Element Group

Ny +Not oo + 0, = Eni=n

Class of Utilization B7 (1.8 million < 2 x 10"6)

Table T.2.1.4.2. - Classes of utilization

Total duration of use Table T.2.1.4.4. - Component groups
Symbol (number n of stress cycles)
BO n < 16 000 ili i
B 16,000 < Nz 5 000 Stress Class of utilization
B2 32000 < n < 63 000 Spectrum
Sﬁ 122 888 < n < ;gg 888 class BO B1 B2 B3 B4 BS B6 B7 B8 B9 B10
< n = S
B B S on 5 Beo el E B g2 B BB E B
B 500 000 < n < 1.000 000 X
B7 1000000 < n < 2 000 000 E1 E1 E2 E3 E4 ES B E/ E8 E8 E8
BY 7000 000 =T 2 2000000 P4 E1 E2 = = =9 E6 E/ B8 E8 E8 E8
B9 4 000 000 < n < 8 000 000
B10 8 000 000 < n
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Open the starter model SDC Iz

VERIFIER

Open in ANSYS Workbench /A
FEM. 1.001 and Eurocode 3 Fatigue.wbpz

B model
ER Recognition

E Load Combinations
Standards

[l Reports

5 SDC Verifier

Double Click on'2 B wmodel v 4
or in context menu click Edit

W N NS
L

B3 FEM. 1.001 and Euracode 3 Fatigue - Workbench - O X

Fle View Toos Units Extensions Jobs Help
TO3e
SIEICIC WG

@limport... |¢"oRemmect [2] Refresh Project 7 Update Project | & Reload Extensions 58 ACT Start Page

Proj matic

ysis Systems |

[ Coupled Field Harmonic

[ CoupledField Modal 2 A A B

[ Coupled Field Static 1 1

Coupled Field Transient 2 @ EngneeringData v 2 B Model v .
Ei lue Buckli | "

E::trr s 3 | B ceomety v ‘/3 B8 Recognition 7 4

Bxplicit Dynamics 4@ Model v . 4 fg Load Combinatons

) HarmonicAcoustics 5 @ setw 7 a4 5 Standards 7 .

Harmonic Response 6§ Soluton 7 4 6 [@ Reports F 4

Hydrodynamic Diffradion 7| @ Rests 7 . SDC Verifier

@ HydrodynamicResponse

n Modal Static Structural

&l Modal Acoustis
) Random Vibration
) ResponseSpectum
R Rigid Dynamic
) staticAcoustis
Static Structural IS
) Steady-State Thermal
() Structural Optimization
B Substructure Generation
Thermal-Electric

ER Transient Structural
Transient Thermal

[ code checking and Reportng ]

& SDCVerifier

IT View All / Customize... |

3 Ready ¥ 3ot @EnoDrs (=1Show Progress (% Show 0 Messages J
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Run Analysis

SDC W
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Press [p] to start Analysis in ANSYS

& SDC Verifier 2023 R1 - E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 Fatigue files\dpO\SDCvA\ACT\Fatigue.ansv

Settings Recognitions  Tools  Standards ~ Help
r‘ @ } m Results Manager | ‘@ Governing Loads E] SDC API Console
. Ly
-/ [ Export Results | [jj; Peak Finder ## Run Script
Update Maodel View Ana|yze v Report Layout @' Frecbody Optimization @ Run Predefined Script
Mai Result Post-Processing Automation
I @ Views (1)
B Model ‘ ‘ ) | .
B Recognition D 1 Title |Static Structural
“ @ Jobs (1) B Description ‘
I [ 1.Static Structural
1 % Tools -
[ standards (0) Sellsaien
I &8 Post-Processing Analysis Static Structural v
(2] Optimizations (0) .
3 Reports (0) Stiress St + Al Entities D D
["] Nodal Force ["] Contact Miscellaneous
["] Beam Section [] General Miscellaneous
Hot Spot Stress
[T] Use Simple Stresses outside Locations
["] Use Average Corner Data Elements
O TU G POTTITY SO TS
~

12:53:16 Updating Beam Member Finder...
12:53:16 Updating Weld Finder...

12:53:16 Updating Beam Section Finder...
12:53:16 Updating Panel Finder...

12:53:16 Updating Connection Finder...

12:53:16 Updating standards...
12:53:16 Project E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1T\FEM. 1.001 and Eurocode 3 Fatigue_files\dpO\SDCvA\ACT\Fatigue.ansv was opened

v

MKS (Meter/Kg/Second) Ansys

Nodes: 21047 Elements: 21367 SYS.mechdb

https://sdcverifier.com
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Weld Finder SDC Iz
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I @ Views (1)
. . i Bl Model
Execute Recognition =>Weld Finder => « B Recognition

_\_Joint Finder

Edit... ./, Beam Member Finder
1" Beam Sections Finder

‘= Panel Finder
n Ak Weld Find
Press Find. @ Jobs (1)
» 4 Tools

EJ standards (0)
I i Post-Processing

Press |[&| to Export selected welds to ) Optmntons
components

Welds Finder N — o X
(m] #
Welds | Weld Strength Settings | Hot Spot Stress
il = Fd Wold by I | Cvoveme ] Add, Edit, Combine and Remove Welds
[[o] Title Tensile Strength (Min) [Pa]  Yield Stress (Min) [Pa]  Is Symmetric |s curved Nodes Elements  Weld Parts \i‘
0 IE Yes Yes 39 76 2
2 Weld 2 [0.5; 0.15; -2.64] ] 1] Yes No 5 12 3
3 Weld 3 [05037; -264) 0 0 Yes No 5 12 3
4 Weld4[-05 109:-105] 0 0 Yes Yes 39 76 2 E
5 Weld 5 [-0.51; 0.48; -8.7] 0 0 No No 2 2 2 52
6 Weld 6[0.51; 048 -87) 0 0 No No 2 2 2
T Weld 7 [-0.50.69; -264] 0 0 Yes No 5 12 3
8 Weld 8 [0.5; 0.69; -2.64] Ye N 5 12 3 o o
S {ree o o ' ' e Move Welds. Order is important when
10 Weld 10 [-05; 0.15; -2.64] 0 0 Yes No 5 12 3
T o 5 27 : : o — one element belongs to 2 welds.
12 Weld 12 [-0.5; 0.69; -2.75] a 1] Yes No 2 3 3
13 Weld 13 [-0.5; 0.53; -2.75] 0 0 Yes No 7 18 3
14 Weld 14 [-0.5; 0.26; -2.75] 0 0 Yes No 5 12 3
Ul 105026275 o o OB S |- Select element and highlight respective
16 Weld 16 [-0.5: 143; -2.08] 0 0 Yes No 14 39 3 ™ 1
17 Weld 17 [0.5; 0.92; -2.08] 0 0 Yes No 7 24 4 . Welds n the table
18 Weld 18 [-0.5; 0.38; -2.08] 0 0 Yes No 15 42 3 e
19 Weld 19 [0.5; 0.08; -2.75] 0 0 Yes No 4 9 3 E‘
20 Weld 20 [0.5; 0.26; -2.75] 0 0 Yes No 5 12 n EI
.
21 Weld 21[0.5; 053 -2.75] 0 0 Yes No 7 18
22 Weld 22 [0.5; 0.69; -2.75] ] 0 Yes No 2 3 T Prev’ ew Se leCted We ld S
2w 1 o 0 Yes No 10 27 3 f
24 Wi )] ] 0 Yes No 14 39 3 — .
2 " " PSS i r— Plot of selected welds in colors and
Set Parameter | ‘ Check on Weld Design .
with labels of IDs
|Gl

10 https://sdcverifier.com
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Weld Finder §DC Iz

RIFIER

—° Click As One Component n & | A< one Component

@P Each Item as Component

—e Press OK Moo e
ﬁ Each Item as Group

T
' "
Enter Component Title X
Title Selected Welds
B oK Cancel
. iy

New component will be created.

11 https://sdcverifier.com
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Stress Transformation SDC Iz
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Stresses for weld elements are automatically transformed in the
direction of the corresponding weld from Weld Finder Tool using the
wedge method. Stresses are transformed only for plate type elements.

0,10 Oyr—0.
O'nnz( xx2 yy) +( xx2 yy)

* C0S 260 + Ty, *sin 260

Tpt = — > *sin 260 + Ty, * cos 26

_ (O-xx+0-yy) (O-xx_o-yy)
Ott = 5 -

* COS 20 — Ty, * Sin 20

o_xx, o_yy,Tt_xy-original x, y and shear stress in local element x, y and shear directions

o_tt, o_nn,t_nt-transformed x, y and shear stress in weld x, y and shear directions
6 - angle between the element and weld x directions.

12 https://sdcverifier.com
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Add FEM 1.001 standard

SDC W

VERIFIER

_0

13

Execute Add => F.E.M. 1.001 in
Standards context menu.

4" Beam Sections Finder

Norsok MO04 (rev.3, 2013)

t 1 1% Y ARS
H | aisc »
™ ’ C . {
[ O A8 | an .
Updats Model ~ View  Analyze™  Repor] All (2005 Edition, 2017) |
Main AS 3990 (1993) !
I @ Views (1) ASME L
4 [ Model
2 e Com o 1) DIN 15018 {1984)
*5 1.Selected Welds B |onv >
I ,fI., Materials (2) DVS 1608 and 1612
I 1 Properties (5)
I 5 FEM Loads (5) EN 13001 (2018)
I' £ Constraints (1) Eurocode3 »
‘ .' Cx Coefficients FEM1001(3rd, 1998) |
Recognition g™
| Joint Finder B | rm o
#, Beam Member Finder IS0 »
a
L}

&= Panel Finder
Ak Weld Finder Comparison Standard
slz Connection Finder .
@ Jobs (1) Deflection
I % Tools Custom
[ standg=-- )
© &2 Post-P H_ Add o Load from Library
E]owm = Rename Multiple
= Remove Multiple
Renumber
Clear Results

F.E.M. 1.001 - performs static stress check and fatigue check for steel

structures of crane and crane equipment. Fatigue calculations are
performed according to Allowable Stress Design method (ASD).

https://sdcverifier.com
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F.E.M. 1.001 Standard SDC WV

RIFIER
rF.E.M.1.001 (3rd, 1998) % - O X )
—0 Selection: All Entities
1D ‘1 ‘ Title ‘F.E.M. 1.001 (3rd, 1998) ‘
) ) ) Alias ‘Standard1 ‘
_a Press |& | to edit material properties. Descrption |
Settings Selection
Weld Type (A-3.6.1) ‘ ‘ IE
Element Group (Chapter 2.1.4.4) ‘ ‘ @ + All Entities I:I I:‘
Amount of materials with not defined Material Type (A-2.6.1) | 2 (][]
Tensile or Yield is displayed in the field
Materials with Yield and Tensile = 0

Safety Factors for Static Stress Check Elements
l OK l l Cancel l
e

Tensile Strength: 360e6 e —
Yield Stress: 240e6 and Press Set.

Materials Tensile Strength [P: Yield St P: Propert
laterial ens|e rength [Pa] A i ress [Pa] Tensie Strength [Pa]
1_Stuetiral Stasl 0 0

26_AISI 1020 Steal cold ralled 0 0 360e6

O X

Yield Stress [Pa]

Press OK. e n

Update from Ansys

0K Cancel

14 https://sdcverifier.com
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Definition of weld categories

15

Weld/notch category determines fatigue resistance

Division in welds / non welds for FEM 1.001:
« W category is for non welded parts
« K category is for welded parts

Fatigue resistance is further specified by adding classes
 WO0-W2 for non-welded parts
« KO0-K4 for welded parts

Better fatigue resistance results in lower class number

SDCM

https://sdcverifier.com
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Weld Classes depends on Weld Type SD
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q wo Glmat I'IZIII:h behavior group K3

kR Fards Jointed by a butt weld with a backing
" description of the main types syebol ﬁ. without gealing run znd perpond-

|
= -~
icular to the direction of force.
W1 | Part without hole and without joint, — % 1 >
With a naraal state of the surface, Racking strap fized by tack velding.
without notch behariour, >

Slight notch behavior group KO

nr. description of the main types aymogl and a different connection type 351
——
< o Parts, jointed by a butt weld of special
B qnl'lﬂr, perpendicular to the dirsction - nr. deseription of the main types synhal
of fores, CD#’ F 100
351 | Double bevel wald of ardinary quality, |
<P p 100 perpandicalar to the direction of foree,
- between crossing parts. M D
Moderate notch behavior group K1
T
fir. description of tha nain types syahal mgmtm behavior group K4
11 Parts, Jointed by a bult weld of ordinary - s |
gqualtty, perpendicular to the dirsction par nr. description of the main types syme
of forse, P00 412 | Parts of diffarent thicknesz, jointed by -
>< :1“50 3 bubt weld of ordinary quality, by hoe
- parpendicular fo the direction of force. - B
Msyanetrical Joint without slope, d— — S P
Medium notch behavior group K2
nr. deseription of the main types bal :
e and a different connection type 451
an Prafiles, jointed by butt uelds of special
:::;:fy, parpondicular to the direction of 451 | Fillet walds of noreal quality o sinple
. d>fpo pioo Bevel wald [Included £111e1 veld) ufth D
backing, perpendicular to the direction
b P 100 af force, betueen crossing parts. lD

16 https://sdcverifier.com
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Welt Type - stress direction SDC Iz
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_ Perpendicular to weld | Parallel with weld _

Weld K1 K2 KO

No weld WO 75(-1) = op(-1) / sqrt(3)

_ Op(-1) for k=-1 element group 5 St 52-3

Notch group WO0 w1 W2 KO K1 K2 K3 K4

Stress

. 163.8 130.3 104.2 118.8 106.1 89.1 63.6 38.2
amplitude

17 https://sdcverifier.com
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For beams SCF of connections can be included in the classification SD Iz

VERIFIER

ds on Stress concentrations:

Slight notch behavior group KO
M3 Gusset, jointed by cutt welds of special

quality, perpendicuTar 1o the direction t ” 100

of foreg.

&= P 100

Moderate notch behavior group K1

113 Busset, !ointed by butt walds of crdinary
quahzy. perpendicular fo the direction
of force,
-— —

Medium notch behavior group K2

213 | Butt weld of coectal quality end continwoug
art, both perpendicular to the diraction D
;f%nr:t. at a crossing of flanges with c[# P00
Wnevelded corner plates, The ands of the —
wilds are ground te prevent then fros M P10a

Por
P 100

Foar
F 100

XY

rotch behawlour,

Great notch behavior group K3

313 | Butt weld of ordimary quality and continuous .
par? both perpendioular to the direction of b or
Farce, at a crossing of flanges with welded B
carner plates, The ands of the welds have - — Por
been greund to prevent then fron notch e Par
behavioer,

Very great notch behavior group K4

413 | Butt weld of ordinery quellty, perpendicelar
o the dlrectlon of force, at & crossing of
flanges without cormer plates,

>b e
: . : > e
(not included in this tutorial)

18 https://sdcverifier.com
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Weld Type Classification SDC Iz

VERIFIER

r Edit Classification b O X )
—0 Press Define for the Weld Type.
D ‘1 ‘ Title ‘Weld Type ‘
Alias ‘ WeldType ‘
_a Press [+] to Add Condition. N
Elemenit(s) Classification
—e Press Add all Welds HEE IpE T = |
Direction ‘ X = Apply ]
Selection Classification
—e Select Multiple Conditions options Full Model WO 7]
Classification Condition % — 0 X ) D
—e Press X/Y/XY Weld Type Enum (-]
Title ‘ ‘ (O One Condition ® Multiple Condition D
Selection l All l l None l l XIYIXY
X: K1 Y: K2 XY: KO [w] [e2] (][] [] (] [ @x [« -
+ All welds |:| Y K2 v
—e Press OK [] Lz Ko )
XY kO vi @
Elements vz KO v D
n l Add all welds l l Add all intersections l Lz K0 . D
[ ]Eqv KO =
] l Cancel ]
nl OK ] [ Cancel l !

19 https://sdcverifier.com
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Weld Type classification intersecting welds SDC Iz

VERIFIER

Edit Classification — m] X
Press |[4| to Add Condition. &
D 1 Title | Weld Type |
Alias WeldType |
Click Add all welds intersections Desciption

Element(s) Classification

00000

Value. K2 Weld Type Enum ‘ KO e Apply l
Direction ‘ X e Apply l
Selection Classification
Directions: X Full Model WO 7]
- All waald K100 .
Classification Condition % — 0 X
Press OK Weld Type Enum E3
Title ‘ ‘ (® One Condition (O Multiple Condition
Selection l Al l l None l l Ll l

] (] (] [2] [4] [ [ Value © -]
mjra

+ All welds intersections Direction X

At intersecting welds all stresses are

) : : [] Oy
perpendicular to the weld direction. Oz
The last condition overwrites the previous ones Clxy [+]
and settings in condition 2 => K1(X) are replaced Elements 718 %;ﬁ [~]
W]th KZ(X) for interseCtionS l Add all welds H Add all intersections l n [ Eav D

[ Coneal |

B[ ok |[ concal |

20 ) https://sdcverifier.com
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Edit Classification — O X

D 1 Title  Weld Type oads ,___] </» SDC API Console

%] Run Script
Alias WeldType

| Description v

Element(s) Classification

Weld Type Enum Ko
Direction X
Selection Classification Selection
Aiwelds | j- =
All welds K1 (X)
==| + All Entities
All welds K2 (Y)
All welds KO (%Y) s
All welds intersections K2 (X) &
‘é Elements 213¢
0]
]
Values >
Selectiol Y
wrracol - r
Import Welds ‘ \ Clear OK | Cancel and Eurocode 3 f r
) : XY
14:38:17 E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 | vz T
14:38:17 E:\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 f I
14:53:16 Saving backup file... X
14:53:17 E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 | Equivalent )
14-82:17 EATurtariale €NC ININEirnrnda and EERMA A0 Eaticnal AMEVE 7199 RIVEER 1 NN and Eirnrads 2 Earerre—rroc e oo
21
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Element Group classification SDC Iz

VERIFIER

Elemental Selections

Press OK n Element Group Enum IEE v l | Apply To Selected | | To All

Selection Value

All Entities 6 |

—a Press || for the Element Group. 2 dd Fement Chaacert .
1D l1 ] Title lEIement Group l
Alias ‘ElementGroup ]
_a Select Element Group: E6. Press To All. oesaipion |

(][] (&[] [+]

[ ][] [on] [on] ]

= By -

22 https://sdcverifier.com
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Material Type classification

0000

Press | M| for the Material Type.

Select Material Type: Fe360 (Fe 37).
Press To All.

Press OK.

Press OK to create Standard.

Material Type defines which steel is used: St37 or

St52.

Stress Fatigue values are different for

different materials.

23

SDCM

Materials Characteristics

s

ID |2 ‘ Title |Material Type

Alias | MaterialType

Description |Fe360 or Fe510

|
|

Materials

Material Type Enum

‘ Fe 360 (Fe 37)

o | l Apply To Selected ] l To All l

Material

26..AlSI 1020 Steel, cold rolled

Value

[#]

T T R, ;.

Fe 360 (Fe 37)

n| o [ e ],
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Create extreme table

SDCM

RIFIER

Execute B Table (expand/extreme) in
Fatigue Check context menu.

_0

—a Load: 1..Load Group1.

Fatigue check supports only Load Groups.

If only one load group exist in the project
it will be selected automatically.

Table structure: Parameter over
Directions.

Parameter: Utilization Factor.

Selection: All Entities.

Press Fill Table.

Press OK.

I @ Views (1)
4 [ Model
4%C 1

€ 1.Selected Add
I & Materials (2)| D
» T Properties 5] < | Edit
I > FEM Loads (5 ' Rename
I /> Constraints ( B | Coy
I Cx Coefficients &l
< @R iti Remove
_L_Joint Finder Copy To Standard
7 Beam Memb opy To Standard...
¥ Beam Sectior Move
Clear Results

Table (expand/extreme)

Nl

4 [ standards (1)

. Flow Table (over loads)

he
Components Extreme Table (over selections)

Check
Load Group

4B 1.FEM. 1001 Criteria Plot
= Contour Plot
1.Stati( 48 Beam Member Diagram
2.Fatigue Check [ |
Custom Check Table - u] X
HE@w
Extreme. X Y z XY Yz zx Eqv Overall
0 1 Title I I ‘ I |
Desciiption v | vaue 000 000 | 000 000 0.00|
Element ID 7637 2010 3509 7270 4355
Options .
Zhabgue Chiack Value 130 136 | 104 234 153
1..Load Group 1 @ | Eementid 12005 17252 12011 12005 12005
Absolute [ ] | | l
Table Structure  Paramater aver Directions | value 130 136 ] 104 234 153
T Utilization Factor . | Eementin 12005 17252 12011 12005 12005
Expand/Extreme Options
Table Type Extreme (worst result on selection) ~
° Detailed (extreme locations - element and load (for Load Groups))
() Short (only extremes)
Filter by
Direction
Val
Sort by
Selection
ok 2 5 % %
B o o
v %
2 P
Elements @
Set Default Title oK Cancel
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Create criteria plot

Execute B Criteria Plot in Fatigue
Check context menu.

Parameter: Utilization Factor
Direction: Overall

Point of interest: Total Type: AbsMax
Preview

Press =

Press OK

Point of interest = AbsMax Total is absolute

maximum utilization factors among all
point of interest.

SDC

VERIFIER

I @ Views (1)
4 [ Model
4%C 1

€ 1.Selected Add
I & Materials (2)| D
» T Properties 5] < | Edit
I > FEM Loads (5 ' Rename

™M

I /o Constraints (
I Cx Coefficients | Cony
4 @R iti Remove
_b Joint Finder
7, Beam Memb ,\ Copy To Standard...
7 Beam Section .~ Move
i Panel Finder Clear Results
Weld Find
I C e ers '5 Table (expand/extreme) N
© [ Jobs (1) G Components Extreme Table (over selections)
1) B Flow Table (over loads)
2001 Criteria Plot
it Contour Plot
ecks (3)! .
1.Stati {5 Beam Member Diagram
2.Fatigue Check [ |
e = 5
Criteria Plot X
ID 1 Title
Description v
Options Selection
Check 2..Fatigue Check CT R RPN BER -
Load Group 1..Load Group 1 ! + All Entities A&
Parameter Utilization Factor ~ v *®
Direction Overall n ~ JOREN
LG Parameter Absolute ~
Point Of Interest Total ~  Type  AbsMax
View 1..Default View v Elements 21367
Labels None # Limits
Set Default Title B & Cancel
A

.
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Report. Tables and plots SDC Iz

VERIFIER

Home Insert Results Post Processing Import
Execute Reports => Add Report Designer % EH |
=> Results D E % T4 E III; E qh I
: Po 3s | Criteria Contour Histogram Expand Beam Member Check Check |
l+ Add . » [ | Wizard - Empty 2 Graph Diagram Tables Plots
Click on Check Tables in Results tab of e Multipic % s Meoeleiip Plots d@fds
= Remove Multiple Wizard - Results
the tOOl bar. . Renumber [ | wizard - Full
Add Check Tables - m] X
Select Fatigue Check in the list of | ‘Geceraic Matiple [ | Designer - Empty 4 Standord 1.FEM. 1,001 (3rd,1998,-“1
Designer - Model Setup [51] 1..Static Stress Check
standard checks and press button |E n B QQ [
- _Fatigue Summation %
Designer - Full P e s
[]
[]
[x]

Load Group: 1..Load Group I% Custom Check Table - 8ox
Loads Selections (1) (Elements)
n Count ‘LGI..LDad Group 1 |.E] . E . E .
Opiians All Entities E
Se lecti On : All En tities . Table Type ‘ Extreme (worst result on selection) ~ ‘
Table Structure ‘ Parameter over Directions v ‘
Extreme Options
O Detailed (extreme locations - element and and load(for Load Groups))

Parameter: Utilization Factor.

® Short (only extremes)

©0000006

Filter by
Parameter None e
Press OK e 1
.
Sort by
Parameter None v
Order Descending ~

Parameters n l OK H Cancel

Kappa Factor

Stress Fatigue

Allowable Stress Fatigue |:|
Utilization Factor

%6 n [ ]| https://sdcverifier.com
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Report. Tables and plots §DC M

RIFIER

Home Insert Results Post Processing Import

ick heck P in R f
E;Etocz)rtgafc lots in Results tab o @ % % g;ﬁ \E I.I.I.l E. iy ‘.\

Expand / Components Flow Summarized Forces = Criteria Contour Histogram Expand Beam Member Check Check
Extreme Extreme Table (over nodes) Graph Diagram Tables Plots
Select Fatigue Check in the list of Job Tables Plots Sta
standard checks and press button ||
Add Check Plots = m]

4 Standard "1.F.EM. 1.001 (3rd, 1998)'
Load Group: 1..Load Group (51 1.Sttic Stress Check n

[$1] 3. Fatigue Summation

LB E >

Parameter: Utilization Factor. 1% Check plots - o x
Loads Selections (1) (Elements)
n s Sl EL e EE
. . Parameters Directions. All Enties lE'
Direction: Overall. Kappa Factor X n
Stress Fatigue Y
AtllowabIZitress Fatigue z
Utilization Factor XY
. o, ® Yz
Selection: All Entities. x
Eqv
O(\‘ferall
LG Parameter Absolute v
Press OK. _ _
Views Points of Interest

©000006

1..Default View End |/ Top

End J / Bottom
Total

Total calculation type = AbsMax v y

e ] ) [ [+
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Report. Results

SDC W

VERIFIER

1..F.E.M. 1.001 (3rd, 1998)

Unit System
Current Unit System = MKS (Meter/Kg/Second). It is used in calculations for the following standards: API RP 24,
1SO 19902, Norsok NOO4, DIN 15018, FEM 1.001 and Eurocode3.

Utilization Factor (LG1, All Entities)

e Lo a1 e e o

Property Value Load Group LG1..Load Group 1 Parameter Utilization Factor
Category Elemental Custom Check Selection All Entities
Selection All Entities Extreme X Y Z XY YZ IX Eqv Overall
Parameters 4 Minimum 0.00 0.00 0.00 0.00 0.00
Alias (Parameter) K"PP"‘b[""’PP"‘ FEC""'} Maximum 1.30 1.36 1.04 2.34 1.53
Description Ratio between the extreme stresses
All if(sweldAbs > 0, Sweldin 7 SweldMax, SweldMax / SweldMin) Absolute = | | - |
Alias (Parameter) Sf (Stress Fatigue)
Description Permissible stress for fatigue depends on the element group (E1-E8) and weld type Overall Utilization Factor (LG1, All Entities, v1, Total)
All Min{units.FromPaToCurrent|Switch(MaterialType, MaterialTypeEnum.Fe360Fe37, e Sitatie Strusctural

sf_Fe360(ElementGroup, WeldType), MaterialTypeEnum.Fe510Fe52, Sf_Fe510
(ElementGroup, WeldType))), 0.75 * Tensile)

Oewerall Uik etion Factor (LGT, A1 Entities, 1, Tokel)
Ewpression: PESAN (Teoped to Elements)
Torme: 53

Alias (Parameter) Sallow_fatigue (Allowable Stress Fatigue) i
Description Appendix 3.6, formulas (1)-(4) -
All if(Kappa > 0, if(SweldAbs > 0, 1, 1.2) * (5 / 3 * Sf) / (1- (1 - Es 73%5f)/ (0.75° .
tensile)) * Kappa), if(Sweldabs > 0, (5 * Sf) 7 (3 - 2 * Kappa), (2 * Sf) 7 (1 - Kappa))) as
XY IYZITX if(Kappa > 0, (5 /3 *Sf) / (1- (1- (5 / 3 * Sf) / (0.75 * tensile)) * Kappa), (5 * Sf) / a7
(3 -2* Kappa)) / if(WeldType <= WeldTypeEnum.K4, SORT(2), SQRT(3)) as
Eqv 0 0
Alias (Parameter) Uf (Utilization Factor) a:
Description Appendix 3.6, equivalent rule - (5) :_:mm"_
All Abs(Sweldabs) / sallow_Fatigue g
Eqv pow(me.x, 2) + pow(me.y, 2) + pow(me.z, 2) + pow(me.xy, 2) + pow(me.yz, 2) +
pow(me.zx, 2) - sign(Sweldabs.X) * me.x * sign(SweldAbs.Y) * me.y - sign
Sweldabs.Y) * me.y * sign(SweldAbs.Z) * me.z - sign(SweldAbs.Z) * me.z * sign
SweldAbs.X) * me.x
Overall Max(me.x, me.y, me.z, me.xy, me.yz, me.zx, sqrt(me.eqv)) z
ALo0(r) ﬂ
Check [51] 2..Fatigue Check Point Total
Load Group LG1..Load Group 1 Parameter Owerall Utilization Factor
Selection All Entities View 1..Default View
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Eurocode3 Stress history SDC Iz

VERIFIER

* A better fatigue damage can be made if load cycles are specified more accurately.
* Instead of 2 million load cycles from start to end:

L4-L1 0,5 eb LS4, LS3, LS2, LS1, IL1
L4-L2 1,0 e6 LS4, LS3, LS2, IL1
L4-L3 0,5 eb LS4, LS3, IL1

NB: gravity load is also included because the stress variation determines
the fatigue damage

29 https://sdcverifier.com
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Add Fatigue Group (stress history) SDC

VERIFIER

w" SDC Verifier 2023 R1 - E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 Fatigue_files\dpO\SDCvf\, — O

Home  Settings Recognitons Tools Standards  Help

D -—- H P’, E‘ Export Parts to File ® Q Properties 2|_j Renumber |Ds
L)
= =1 —D Import Parts from File E Preference
New Open Save SaveAs Close

Title: Detailed load cycles pattern Project Misc

- ci) Views (1) Add Fatigue Group
I B Model
> BB Recognition D ‘5 | Title ‘Detailed load cucles pattern

4 [ Jobs (1)

Select all groups and press | ) e

b +$« Load Sets (4)

I 4 Load Groups (4) “ Fatigue I |0.596 ‘ I Set to Selected ]
FG Fatigue Groups (0)
BR Tables (0) 1..Load Group 1 Title (3) Cycles
Select 1..L1-L4 and 3..L2-L4 3 Plots (0)

Select Fatigue Groups in Navigation tree

Description ‘

b 8¢ Tools 2.11-14 500 000
> [ standards (1) 3.12-14 1000 000
| i ED
Fatigue Item Cycles: 0.5e+6 and Set to [ Qptimizations ) [«]

Selected. o

Total Amount of |2 000 000 | l Create l

Set 1e+6 cycles for 2..L3-L4

©000006

T
s 2 Total number of load
5 e P 4. 1.001 and Eurocode 3 Fatigue_files! 1
Press Create : . S 9 cycles is calculated
g f =, automatically
& %
3 —
5 I
T. — 1 Detail category Ao
s I 2 Constant amplitude
. . . . Satigue limit Aay
:‘,]oz*m 1,0E405 toeses 5 vomear 1,0E+08 1,05409 3 Cut-off limit Aoy,

Endurance, number of cycles N
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Fatigue calculation with Eurocode 3 SDC Iz

VERIFIER

4 [ standards (1) i

.;1..F.E. '+ Add , ABS >
Execute Add => Eurocode 3 Fatigue (EN " B Post-Prof e Rename Mulple 8 |asc ,
1993-1-9) in Standards context menu. 4 BiReports { 5= Remove Muliple A ’
(B 1.Fati 27 Renumber B | AU (2005 Edition, 2017)
Clear Results AS 3990 (1993)
. B | Asme >
Consequence of Failure: Low 8 | om 15018 (1984)
B |onv »
B | Dvs 1608 and 1612
EN 13001 (2018)
Assessment Method: Damage tolerant [@ [Eurocodes »| B | Eurocode3 Members (N 1993-1-1, 2005)
B | rem 1001 3rd, Eurocode3 Welds (EN 1993-1-8, 2005)
FKM h |8 | Eurocode3 Fatigue (EN 1993-1-9,2005) |
150 » Eurocode3 Bolts (EN 1993-1-8, 2005)
™ Eurocode3 Fatigue (EN1993-1-9, 2005) - O x| (EN1993-1-2, 2005)
kling (EN 1993-1-5, 2006)
ns (EN 1993-1-8, 2005)
D 2 Title |Eurocode3 Fatigue (EN1993-1-9, 2005) |
Alias |Staﬂdard2 |
Damage 1 0 115 Description | |V|
to I erant ’ Option Selection
. — Al ] ][]
Safe life 1.15 1.35 : —
Reduced Range |Def|ned | + All Entities I:‘ |:|
peves [ (=

Consequence of Failure | Low & |

Assessment Method | Damage Tolerant |

Safety Factor (Gamma_Mf) |1 |

Materials with Yield = 0 I:I Elements
| OK | | Cancel
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FAT classes Eurocode3

SDCM

ER

_ Perpendicular to weld | Parallel with weld _

Weld

No weld

32

80

— 100

Table 8.1: Plain members and mechanically fastened joints
Dictail \ . - \
category Constructional detail Descnption Requirements
NOTE The fatigue strength curve associated with category 160 | Rolled sand extruded products: Details 1) 0 3 1
is the highest. Mo detail can rcach a better fatigue strength at any
number of cycles. 1) Plates and flats; Sharp cdges, surface and rolling
160 — e 1) Rollad sections; flaws to he improved by grinding
Hf 3) Scamless hollow sections, unitil remoyed and smooth
% ;i @ cither rectangular or circular. | transition achicved.

17 A
) @ 3

100

7) Repaired automatic or manual
fillet or butt welds for categories
1) to6).

7) Improvement by grinding
performed by specialist to remove
all visible signs and adequate
verification can restore the
original category.

For determination of FAT classes check standard!

In this tutorial only examples are given

https://sdcverifier.com
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Eurocode3 Fat Class SDC Iz

VERIFIER

( Edit Classification — O X
—0 Press Define for the FAT Class.
1D l1 l Title lFAT Class l
Alias FAT
—a Full Model: 160 | '
Description l
Element(s) Classification
_e AU. Entities: 100 (NO Weld) FAT Stress l 160 v l | Apply |
Direction l X & l | Apply |
Selecti Classificati +
—e For welds: X: 100; Y/XY: 80 o e
ull Model 160 Izl
All Entities 100 (XY, YZ, 7X)
All welds 100 (X)
For welds intersections: X: 80 All welds 80 (Y, XV) [%]
All welds intersections 80 (X)
Import Welds | | Clear oK | | Cancel |
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FAT classes plot SDC Iz

VERIFIER

Edit Classification = O
) umber IDs
ID [1 ‘ Title FAT Class
Alias | FAT

|
|
Description [ m

Element(s) Classification

atigue (EN1993-1-9, 2005)

FAT Stress ‘ 160 v | l Apply ]
Direction ‘ X v | Apply
Selection Classification E

Selection

E |
+ All Entities

|

B

EToIerant v

|

_ Elements

All Entities 100 (XY, YZ, ZX)

All welds 100 (X)
All welds 80 (Y, XY)

[2][]E]

Values 4 |

Import Welds || Clear oK || Cancel |

§ﬁ§N<X

13:24:27 E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatigue\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 I!

\Fatigue_autobackup_14Apr2023_01-24PM.ansb saved Equivalent 0.000 % 2.000 4,000(m)
13:24:27 E\Tutorials SDC 2023\Eurocode3 and FEM1.001 Fatique\ANSYS 2022 R1\FEM. 1.001 and Eurocode 3 £ N I _1000 _3000 I
34
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Fatigue Damage Plot

S

DC

RIFIER

Execute Criteria Plot in Fatigue Check
context menu

Parameter: Summed Damage

—e Direction: Overall
—e Point of interest: Total Type: AbsMax
—e Press = Preview

Press OK

Check Plot — O X
ID 1 Title
Description v
Options Selection
Check 2..Fatigue Check ALL k= = . fir A
Fatigue Group 1..Detailed load cucles pattern I + All Entities ~ &
Show Result for FG1..Detailed load cucles pattern ~ - ®
Parameter Summed Damage 4 ® ®
Direction Overall ~
Point Of Interest Total v~ Type AbsMax v
View 1..Default View Elements 21367
LN
o OK Cancel

0.000

2.000 4.000(m)

1.000 3.000
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Comparison S | )( : M
V E
FEM 1.001 utilization factor

RIFIER

Eurocode 3 utilization factor at 2 million cycles

4.000(m)

1.000 3.000

4.000(m)

1.000 3.000
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