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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 Design method [permissible stress)
oy N/imm?
Oy =240
250 |
The following formulae give for all values of k the permissible stresses for fatigue N
/ AV
a) k<0 / / /
- for tension : o=5.04/(3-2.x) (1) b /o//// ’
- for compression : 6e=2.0ul(1-%) 2 ///// /
L Wo / ] 1 __Aiso ya
ay is given in table above. " /7 /9/ / /
1 /
K
b) «k>o " %/ | ] /
- for tension a=00/[1-x.{(1-00/0+1)] (3) W, ,/ 100
Kz —
- for compression g:=1,2. 0 (4) Ks /./'/ ]
L1
— 50
K f— hi
where oo = tensile stress for k = 0 is given by the formula (1) that is :
oo = 1,66 . ow 0 K
40 08 06 04 02 0 02 04 06 08 10
0.1 = tensile stress for x = + 1 that is the ultimate strength or divided by the coefficient of safety Ratio between the extreme stresses
413: o1 =0,75. or Figure A.3.6.1. - (A 52; tension; group E6)

oy is limited in every case t0 0,75 . or .

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 ;
- predominant tensile stress ;
- group E6 ;
- construction cases Wy, W4, W2 for unwelded components and cases of construction for
joints Ko to Ks.

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

v Add Custom Check — O *
Options
Kappa Factor o] | | Title |Fatigue Check | Calculate Results over Directions
Alias |Faﬁgue_Check | Calculate Results over Points
Kyx = Oxmin [ Ox max i
_ Description | | W Load Calculation Load Group Only
Ky = Oy min / Oy max
Show Parameter Description Selection Al Entities | &F

Kxy = Txy min / Txy max
Parameters (4) / Replacements (0)

|Parameter = Kappa (Kappa Factor) -+
Allowable Stress Description: Ratio between the extreme stresses
All: if(SweldAbs » @, SweldMin / SweldMax, SweldMax / SweldMin) &
|Parameter = sF {Stress Fatigue) —
a) K s 0 Necrrinti g Do Thie Fre £ f£oFa Le d—.-—.-d 7 -|—|l-— o ement oL FET CS" .-d |.—|d Fune =:
_ for tension : 0':5 "-(3_2K) (1) LIcsCr ln:--\_l.c'lll. el -LSSIELE SLress _,?'. _,G-n_l!:‘lul:. cpends on LNE eLement group (£i-E5) anag weLl Lype
< A1l: Min{units.FromPaToCurrent{Switch(MaterialType, Fe36@8, Sf_Fe3&@(ElementGroup, WeldType),
- for compression : 0e=2. 0wl (1-x) @) |Fe51@, sf_resie{ElementGroup, WeldType)}), 8.75 * Tensile)
|
|Parameter = Sallow fatigue (Allowable Stress Fatigue) x

ow is given in table above. - T X ' ) -
Description: Appendix 3.6, formulas (1)-(4)

»@, 1, 1.2} * (5 /3% 5F) /(1L-(1L-(5/3%sf)/ (8.75*%

b) K>0 . .
- for tension =00/ [1-%.(1-00/0u)] EEﬂﬂlg)) ¥ Kappa), if(SweldAbs > 8, (5% 5f) / (3 - 2 * Ksppa), (2 * 57} / (1 - Kappa)))
gu.:
- for compression o:.=1,2.0

Parameter = Uf (Utilization Factor)
Description: Appendix 3.6, equivalent rule - (5)

jall: Abs(SweldAbs) / Sallow_Fatigue
/xv,fvzfzx: Abs(SweldAbs) / (Sallow Fatigue / if(WeldType <= Weld K4, SQRT(2), SQRT(3)))
Utilization Factor Combined Eqv.: pow(me.x, 2) + pow(me.y, 2) + pow(me.z, 2) + pow(me.xy, 2} + pow(ms.yz, 2) + pow(me.zx, 2)
- sign(SweldAbs.X) * me.x * sign(Sweldfbs.Y) * me.y - sign(SweldAbs.¥) * me.y * sign(Sweldibs.Z)
* me.z - sign(Swelddbs.Z) * me.z * sign(SweldAbs.X) * me.x
Overall: Max(me.x, me.y, me.z, me.xy, me.yz, me.zx, sqri(me.eqv})

(Ox max / Oxa )2+(0ymax/0ya )2 =
Oxmax-Cymaxé(lcxal-|0yal)+
(Txymax/Txya) <1

A14

B | B @ Ev_\ B & Clear results oK Cancel

where the stress values oxa, Oya and T,y are those resulting from the application of formulae (1),
(2), (3) and (4) limited to 0,75 . og.
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Stress Fatigue

k=0

- for tension :

- for compression :

8]

a1

Table T.A.3.6.1.
Values of ow depending on the component group and construction case (N!mmz}

Stress Fatigue is used in Fatigue Allowable Stress calculations.

=5 Jou/f3-2.x)
=2 [oul)(1-x)

Stress Fatigue depends on:

- Weld Type (W0-W2, KO-K4);

- Element Group / Loading Group (B1-B6);
(1) - Material Type ( St360/St37, St510/5t52).

(2)

Corresponding values of Stress fatigue in SDC Verifier:

Welded components 7 Edreme Table - o
Unwelded components Consltruction cases B
Com- Construction cases (Steels St 37 to St 52, Fe 360 to Fe 510) | = = H #*
nent W, W, W.
p-goroup. Fo 380 1] F= 380 1 Fo 380 2 D Tte l:l Extreme X Y z XY YZ X Eqv Overall
Mimmum
g: jz FS[55120 g: 21 FS[;QD g:iz FS[;QD Ko K Kz Ka Ks Bez=en | 5% Value 0.09562+6 | 0.09568+6 0127526 0.1478+6 | 0.0000e+6
e e e
ET1 | 2491 | 2980 | 2117 | 253,3 | 174.4 | 2086 |(3610) |(323.1) [(2714)| 193,09 | 1163 | Oetens Bement ID e = bl = =
Check [2.Fatique Check | [Maximum
E2 | 2244 [ 2617 | 1907 | 2224 | 1571 | 1832 [(293.8) | 2623 | 2203 | 157.4 | 944 LadGop  [LLTLA ] [ |Vvalue [ orizes| oossters 0127506 0.1478e+6 | 0.0000e+6
Elemert D 26 26 26 326 326
E3 | 2022 | 2298 | 1718 | 1953 | 1415 | 1608 | 2384 | 212,9 | 1788 | 127,7 | 766 Table Type Parsmeter over Directions | | Absohite
Parameter ISIress Fatigue Value 0.1138e+6 | 0.0956e+6 0.1275e+6 0.14782+6 | 0.0000e+6
E4 1821 | 2018 | 1548 | 1715 | 1275 | 1412 | 1935 | 1728 | 1451 | 103,7 | 622 @ Detalled fesults location) © Shot Blemert ID 26 26 26 26 26
E5 | 1641 [ 1772 | 1395 | 1506 | 114,9 | 1240 | 1571 | 140,3 | 1178 | 842 | 505 Bty
ALL| (RS
E6 | 1478 | 1556 | 1257 | 1323 | 1035 | 1089 | 1275 | 1138 | 956 | 683 | 41,0 Al
E7 | 1332 [ 1366 | 1132 | 1162 | 932 | 957 | 1035 | 924 | 776 | 554 | 333
E8 | 1200 [ 1200 | 1020 | 1020 | 840 | 840 | 840 | 750 | 63,0 | 450 | 27,0 28
Blements 10916
oK Cancel
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Weld Type

Weld Type — also called Notch Case, defines which elements belong
to what weld type (KO-K4 — joints affected by welding, WO-W2 —
elements and joints, not affected by welding). Weld Type depends
on shape, structural design, whole pattern or type and quality of

Case K2 - Medium stress concentration

Reference

Description

Figure

21

Parts of different thickness butt
welded (0.Q.) at right angles to the
direction of the forces. Asymmetrical
slope : 1 in 3 (or symmetrical slopes :
1in2)

*i—_{v—_:»

24

Cruciform joint made with K-welds
(5.Q.) perpendicular to the direction of
the forces

y
I
-~

Case K; - Severe stress concentration

Butt weld with backing strip and no
backing run. Backing strip secured by
intermittent tack welds

e

34

Cruciform joint made with K-weld
(0.Q.) at right angles to the direction
of the forces

Ve

Pad

Case K, - Very severe stre

ss concentration

Reference

Description

Figure

welds.
Case Wq
Reference |Description Figure Symbol
Parent metal, homogeneous surface. e
Wo Part without joints or breaks in continuity
(solid bars) and without notch effects -—
unless the latter can be calculated.
Case Ko - Slight stress concentration
Reference | Description Figure Symbol
» — 4 *
0,1 Parts butt-welded (S.Q.) at right
angles to direction of forces P 100
e 4 M
Case K, - Moderate stress concentration
Reference | Description Figure Symbol
il
Parts joined by butt welding (0.Q.) at %}t
1.1 right angles to the direction of the
- - or P10

forces

41

Parts of different thickness butt
welded (O.Q.) at right angles to the
direction of the forces. Asymmetrical
position without blend slope

-

L

4.4

Cruciform joint made with fillet weld
(0.Q.) at right angles to the direction
of the forces

www.sdcverifier.com




Element Group

Example of Load Cycles:

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

Load Spectrum

Numbe Table T.2.1.4.3. - Spectrum classes
Load Cycles r Total
Symbol Spectrum factor ks,
Moves per hour 30 P1 ke < 01125
Hours per day 10 300 P2 0125 < ky < 0,250
Days per year 300| 90000 P3 0250 < ky = 0,500
P4 0,500 < Ksp < 1,000
Number of .
Years 20 | 1800000 ksp = (01 Omax)° (N1 /1) + (02 Omax)® (N2 /N) + ... (0 Oma)” (Ne/ M) = N [(0 Omax)” (i /1) ]
Total Million: 1.8 Mgt tn= S n=n i
i=1
Class of Utilization B7 (1.8 million < 2 x 1076) Element Group
Table T.2.1.4.2. - Classes of utilization
ol duration of se Table T.2.1.4.4. - Component groups
Symbol (number n of stress cycles)
BO n < 16 000 Stress Class of utilization
o2 DA 53000 class | BO | B1 | B2 | B3 | B4 | B5 | B6 | B7 || B8 | B9 | B10
B4 125 000 < n < 250 000 El E1 El El E2 E3 E4 B | E6 E7 E8
B5 250 000 < n < 500 000 &’ E1l E1 = 2] E3 E4 B5 B || & E8 E8
B6 500 000 < n < 1.000 000 P3 E1 E1 B2 E3 E4 E5 =% E/ ES ES ES
| B7 1 000 000 < n = 2000 000 PA E1 E2 02 = 5 E6 E7 BB E8 E8 =
Eo Z 000U OUU < n = 4 0uU0 000
B9 4000 000 < n < 8 000 000
B10 8 000 000 < n
7 www.sdcverifier.com




Open the starter model

Open in ANSYS Workbench f§
FEM. 1.001 and Eurocode 3 Fatigue.wbpz

D

ouble Click on

or in context menu click Edit

Fil

N\ FEM. 1.001 - Workbench

e View Tools

Urits
N E|@ & /TH rroject

i ] mport... ‘ = Reconnect Refresh Project -/ Update Project | B ACT Start Page

| E Analysis Systems

- B
1
2. | P2 Model v |

12 | @ SDC Verifier & £ <

3 E Recognition F 4

4 = Load Combinations

5 B standards 7 4

6 [ Reports F .

sSDC Verifier
— O *
Extensions  Jobs  Help

* 0 X
M

[ DesignAssessment

a Eigenvalue Buckling e

Electric 1 Static Structural

i Explicit Dynamics v 2 | EngnesringData ‘—/—D

:l] HarmonicAcoustics \

!- ) Bxternal Model 3@ Model v 4 SDIC Verifier

@ Harmanic Response

Hydrodynamic Diffracion - ﬁ Setup v 4

@ Hydrodynamic Respanse 5 Solution v

il Modal 6 @ Results ¥ 4

Muodal Acoustics )

— W Static Structural
| T View All f Customize. ., v
; Ready mJObMonitor... ) Show Progress | (%) Show O Messages &
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Run Analysis

Press Eto start Analysis in ANSYS

SDC Verifier 5 - C\Users\Pavio\ AppData\Local\ Temp'FEM. 1.001.trmp"\FEM. 1.007_files\dpO\SDCWPACTYFEM 1.001 and Eurccode 3.ansv

File  Settings Model Recognition Job  Tools  Standard  Post-Processing  Results  Report Help

M2 SSP=E ddpr-|lo-ld BEEHDH BED = LLOLFI

.Static Structural
@
-4 Constraints (0)
A& Individual Loads (5)
+§¢ Load Sets (4)

A Load Groups (1)
FG Fatigue Groups {0)

#-T Tools

14:40:14 Updating Joint Finder...

14:40:14 Updating Beam Member Finder. ..

14:40:14 Updating Weld Finder...

14:40:14 Updating Panel Finder...

14:40:14 Updating standards...

14:40:14 Updating beam member finders. ..

14:40:14 Project C:\Users\Pavlo'App Data®Local\ Temp*FEM. 1.001 tmp*"FEM. 1.001_fileg"dp0"SDCWACTWFEM 1.001 and Eurocode 3.ansv was opened
14:42:09 Static Structural Analysis analysis started

14:42:45 Static Structural Analysis analysis finished

Modes: 39335 | Elements: 39707 | Fern Model: ChUsers\Pavlo\AppDatatLocal\TemphFEM. 1.001.tmp\FEM. 1.007_files\dpOhgloba\MECH\SYS-1.mechdb

G+ | Ansys .
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Weld Finder

Execute Recognition =>Weld Finder =>
Edit...

Press Find.

Pressl[::| to Export selected sections to 1.

components
Welds Finder - u] *
£
Recognition  Fiter
D THe Tensle (Min) [Pl Yield (Vin) [Pa] ‘ bomed  Nodss  Eenens  Welpas " T
Symmetric
i 0 0 2 3
2 |Weld2[29.94 1275 6.55] 0 0 Yes No 7 (] 3
3 |Weld3[29.94 1275, 754 ] 0 Yes No 15 2 3
R CTH T R ] 2 0 TN T - N Add, Edit, Combine and Remove Welds.
5 |Weld5[29.94 1275 8.84] ] 0 Yes No 15 2 3
6 |Weld6[29.94 1275 9.45] ] 0 Yes No 7 B 3
7 |Weld7[29.34 1275 10.26] ] 0 Yes No 2 57 3
3 |WedB8[29.34 1275 11.02] ] 0 Yes No 13 5 3
9 |Weld3[29.94 1222 558 ] 0 Yes No 3 50 3
10 ‘Weld 10 [-29.94; 12.14; 6.89] 0 0 Yes No 24 63 3
1 Weld 11 [-29.94; 12.08; 7.54] 0 0 Yes No 15 42 3
12 Weld 12 [-29.94; 12.02; 8.19] 0 0 Yes No 24 69 3
13 ‘Weld 13 [-29.94; 11.96; 8.84] 0 0 Yes No 15 42 3
14 Weld 14 [-29.94; 11.91, 9.49] 0 0 Yes No 24 69 3
15 ‘Weld 15 [-29.94; 11.84; 10.26] 0 0 Yes No 20 57 3
16 ‘Weld 16 [-29.94; 11.76; 11.04] 0 0 Yes No 20 57 3
17 Weld 17 [-29.94; 11.72; 11 .49] 0 0 Yes No 4 9 3
18 ‘Weld 18 [-29.6; 126, 5.28] 0 0 Yes No 2 4 3
18 |Weld 191256, 126, 5.4] 0 0 Yes No 5 2 3
20 |Weld 20 [296: 126,557 ] 0 Yes No 0 a7 3
21 |Weld21[296: 126, 6.89] ] 0 Yes No 7 & 3 ..
2 |Weld 221296, 126.754] [ 0 Yes No 15 2 3 i | Move Welds. Order is |mp0rtant when one
23 |Weld23[296 126,819] ] 0 Yes No 7 B 3
24 |Weld 24 (295 126,884 ] 0 Yes No 15 2 3 element belongs to 2 welds.
25 |Weld 25 (296 126, 9.49] ] 0 Yes No 7 B 3
26 |Weld 26 [296. 126 10.25] ] 0 Yes No 2 57 3 3
27 |Weld 27 [296. 126, 11.04] [ 0 Yes No 2 57 3 .
28 ‘Weld 28 [-29.6; 12.6; 11.53] 0 0 Yes No 6 15 3 .
2 [wea 294296 1235 520 0 0 Yo e 2 s 3 —— Preview selected welds
30 ‘Weld 30 [-29.6; 12.38; 5.4] 0 0 Yes No 5 12 3
N ‘Weld 31 [-29.6; 12.38; 5.97] 0 0 Yes No 30 87 3 v
2. v | [ e | \ Plot of selected welds in colors and with
setngs || mna || Cancel labels Of IDs
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Weld Finder

@ Click As One Component 4. ||:: @} As One Component
ﬁ ; Each ltern as Component
@ Press OK. W As One Named Selection
ﬁ @ Each ltem as Mamed Selection
Enter Component Title ®

New component will be created.

11 www.sdcverifier.com



Stress Transformation

Stresses for weld elements are automatically transformed in vy
the direction of the corresponding weld from Weld Finder
Tool using the wedge method. Stresses are transformed
only for plate type elements.

_ (Oxx +0'yy) (O'xx_gyy)
Onn = > +

* COS 20 + Ty * sin 20

= — ; % Sin 260 + Ty * cOS 20

_ (Gxx‘l'ayy) (O_xx_o-yy)
Ott = 5 - 5

* COS 20 — Ty, * Sin 26
Oxx, Oyy, Ty — Original X,y and shear stress in local element x, y and shear directions

Ott) Onn, Tne — transformed x, y and shear stress in weld x,y and shear directions
6 - angle between the element and weld x directions.

12
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Add FEM 1.001 standard

®

13

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

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

structures of crane and crane

equipment. Fatigue calculations are

Add

Remove Multiple
Renumber
Clear results

Load From Library

performed according to Allowable Stress

Design method (ASD).

@ mmlﬁlmmmmmmmm

ABS
AISC

AP

ASME VIl (2010)
DIN 15018 (1984)
DNV

EN13001 (2018)

Eurccode3

F.EM. 1.001 (3rd, 1998)

IS0 19902 (1st, Dec 2007)
Morsok MO0 (rev.3, Feb 2013)

Custom
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F.E.M. 1.001 Standard

Selection: All Entities

®
®

Press | # | to edit material properties.

Amount of materials with not defined Tensile or
Yield is displayed in the field

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

®
O

Press OK.

Unit System. Stress Fatigue values are constant
for specified material and are measured in Pa.
Changing unit system enables to convert Pa
into Mpa, for example.

14

FEM 1,001 - ] *
ID Ttle  [FEM 1.001
Description | | LY
Classifications Selection
Weld Type | | | Define AL ks || |2 |G | |8
Hement Group | | Define + All Entities -~
Material Type | | Define 1 v | |
Materials with Yield and Tensile = 0 s 2
Loads for Tables/Flots 0 =l
Unit System [MKS (Meter/Kg/Second) @  Elements [39707 |
AL oK Cancel
Material Fatigue Parameters — O x
Properties
Materials Tenszile Strength field Stress Tensle Ssenoh
360000000 240000000 | 26026 |
3. || ield Stress
|2-u}§¢_3 |
lpdate fram Ansys
4 QK Cancel
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Definition of weld categories

» 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
KO-K4 for welded parts

» Better fatigue resistance results in lower class number

15 www.sdcverifier.com



Weld Classes depends on Weld Type

Non-weld group W0
Ar. description of the main fypes sywbol
WOT | Part without hole ard without joint, -
Wwith a normal stete of the surface, (\
without notch behariour. —
Slight notch behavior group KO
fr deseription of the mais types symog]
L/- 011 Parts, jointed by a butt veld of spacial
~ quality, perpendicelar to the direction

of fores,

’/
Moderate notch behavior group K1
nr. description of tha nain types synhal
11 Parts, jointed by a butt weld of crdinary
quality, perpondicular to the diraction Par
of faree, P 100
P or
< P 100
‘f'
Medium notch behavior group K2
nr. deseription of the main types synbal

n Prafiles, jointed by butt welds of spocial
quality, parpondicular to the direction of
farce,

Ct)FpPIUD
o< P10

16

Great notch behavior group K3

311 | Parts joinled by a butt weld with a backing
gtrap, without gealing run zad perpend-
ieular to the direction of force.

Backing strap fixed by tack velding.

— -

and a different connection type 351

<

nr. description of the main iypes

synbal

35 Double bevel weld of ardinary quality,
perpendicul ar o the direction of force,
between erossing parts.

Very great nofch behavior group K4

o

nr. description of the mafn types

synbe |

412 | Paris of different thickness, jointed by
a bultt weld of ordinary quality,
perperdicul ar 4o the direction of force,

Myanetrical Jolnt without slope,

451 | Fillet walds of noreal quality or single
bovel weld [included 111t veld) with
hacking, perpendicular to the direction i
af foree, between crossing pards. ‘

e F

AND
~D
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Welt Type — stress direction

_ Perpendicular to weld | Parallel with weld _

Weld K1 K2 KO

No weld tp(-1) = op(-1) / sqrt(3)

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

Notch group w1 w2 KO K1 K2 K3 K4
Stress 163.8 1303 1042 118.8 106.1 89.1  63.6 382
amplitude

17 www.sdcverifier.com



For beams SCF of connections can

be included in the classification

(not included in this tutorial)

18

Depends on Stress

concentrations:

Slight notch behavior group KO

M3

Gusset, jointed by cutt welds of special
ouality, perpendicular to the direction

of force.

>4 e

-— —
| = o p100
Moderate notch behavior group K1
13 Guggot, jointed by butt walds of ordinary [
E;afl:‘; perpendicular fo the direction Por
. - . P 100
P ar
~ P00

Medium notch behavior group K2

13

Butt weld of spesial quality end contirwous

part, both perpendicilar to the diraction
of force, at a erossing of flanges uith
inewelded corner plates, The ends of the
wolde gre ground to prevent them from
rotch behavlour,

>4 b 100
of><p 100

Great notch behavior group K3

3

Butt weld of ordinary quality asd continuous
par] bolh perpendicular to the direction of
Farce, at a crossing of flanges with weldod
zarner plates, The ends of the welds have
been ground to prevent hem frem noteh

behavioer,

Very great notch behavior group K4

413

g of

flanges without corner plates,

ingry quelity, perpandicelar]

P ar
P 100

P ar
= P00

>b e

=P

www.sdcverifier.com



Weld Type Classification

Press Define for the Weld Type.

Press == | to Add Condition.

Press Add all Welds

Select Multiple Conditions options

Press X/Y/XY

X: K1 Y: K2 XY: KO

Press OK

DOOOOOO

Edit Classification - *
ID I | Title |Weld Type |
Alizs |Weld Type |
Description | | b
Blement(s) Classification
Weld Type Enum KO w Apply
Direction X ~| | Apply
MNo. Selection Classification Ez_
&
x
o
Classification Condition — O X

Selection

ALL (k| |4 it @

+ All welds N
W X 6!
FOlre)

S

3. Add all welds Add all welds intersections

Weld Type Enum
() One Condition

Al
i K1
Y K2
z KD
Xy KD
Clyz [KD
lzx KO
(] Eqv. KO
7.

I@ Multiple Cond'rtionsl 4.

R

R

QK Cancel
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Weld Type classification intersecting welds

@ Press == to Add Condition. Edit Classification _ %
@ Click All welds intersections D 1 | Ttle |Weld Type |
Alizs |WeldType |
@ Value: K2 Desotpton | [v
Element(s) Classification
@ Directions: X Weld Type Enum Ko ~| | Poply
Direction X ~ | | Ppply
Press OK Mo. Selection Classification E 1.
1 | Full Model wo y:
2 | Alwelds K1 (%)
Classification Condition — (] W Hds K2 (Y)
KD (X) x
Selection ‘Weld Type Enum
ALL E AR '.' g (® One Condition () Multiple Conditions ﬁ
+ Al welds intersections N Val - . .
et esect - At intersecting welds all stresses
M B Dectons [ M| [ None | | XY are perpendicular to the weld
s + [2 direction.
Elements Ei, The last condition overwrites the
B vz . . .
Add all welds I Add all welds intersections I 2. O ZX_ preVIOUS Onfs and Settlngs In
L] Eauivalert condition 2 => K1(X) are replaced A
with K2(X) for intersections ~
58 oK Cancel -
Import Welds QK Cancel
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Check classification

Edit Classification - X
ID [1 | Tt |weld Type |
Alias [WeldType |
Description | | v
BElement (s} Classification
Weld Type Enum KO w Apply
Direction X ~ Apply
MNo.  Selection Classffication L]
1 | Full Model wo
#
2 All welds K1 (%)
3 All welds K2 (1)
4 | Al welds KO (%) x
5 All welds intersections ﬁ
@ X 1.
~ ¥ 2.
b z
Import Welds oK Cancel xY
L
X
Equivalent

21 www.sdcverifier.com



Element Group classification

@ Press m for the Element Group. Add Element Characteristic - B
ID |1 | Title |Blement Group |
@ Select Element Group: E6. Press To All. Alias [ElementGroun |
Desciiption | | v
@ Press OK. Elemental Selections
Element Group Enum 2. |E6 A Apply To Selected To Al
D Selection Value g
#
X
2
@
n
o
3. oK Cancel
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Material Type classification

OlOIOIO

Press M for the Material Type Materials Characteristics — O W
Select Material Type: Fe360 (Fe 37). D 2 | Tile |Matenal Type |
Press To All. Alias | Material Type |
Description |Fef:|:61]cr Fe510 | w
Press OK. Materials
Material Type Enum o |[Fe380(Fe 37 v | Rpply To Selected
Press OK to create Standard. | Material Value )

Material Type defines which steel is used: St37
or St52. Stress Fatigue values are different for
different materials.

3. OK Cancel
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DOOO®

Create extreme

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

Load: 1..Load Groupl.

Fatigue check supports only Load
Groups. If only one load group exist in

the project it will be selected
automatically.

Table Type: Parameter over
Directions.

Parameter: Utilization Factor.

Selection: All Entities.

Press Fill Table.

Press OK.

table

2 Standards (1)

Eg Input
Checks (3)

{E] 3. Fatigue Sumn|
-Processing

2. Fatigue Check

- 1.FEM 1.001 (3d, 1938)

[¥] 1.5tatic Stress Check

L

Add

Edit

Rename

Copy

Remaove

Copy To Standard...

Clear Results

1. @ Table (expand/extreme)
E Components Extreme Table (over selections)
5,& Flow Table (over loads)
B} Criteria Plot
[@ CeontourPlot
Custom Check Table - O X
= (2
3 [ | Te E=E X Y z Xy ¥z X Equ Overal
D
= | %] [vae 0.00 0.00 0.00 0.00 000
Options Bement ID 234463 21992 38312 22151 83624
Check [2 Fatigue Check | | Maximum
2| | oad Group 1. Load Group | O] |vee 146 187 130 3 187
Elemert 1D 1138 37847 30841 100747 37547
Table Type Extreme (worst result on selection) ~
3.| | Table Structure | Parameter over Directions [ Value 146 1.87 130 3.00 187
4 . Parameter Lilization Factor e Hement 1D 1138 37547 30841 100747 37547
Extreme Options
(®) Detailed (extreme locations - element and load for Load Groups))
(O Shart fanly extremes)
Selection
AL k=) |35 )
+ Al Entities I 5 A~ #
v X
B
6. [ 7. [ ] o=
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Create criteria plot

Execute B3 Criteria Plot in Fatigue Check
context menu.

Parameter: Utilization Factor

Direction: Overall

Point of interest: Total Type: AbsMax

Press L Preview

Press OK

DOOOOG

@Esandardsm

E 1..FEM 1.001 {3rd, 1558)

] 3. Fatique Sumn Add !
E Post-Processing #  Edit
[ Reports (0) I Rename
Ef Copy
Remove

Copy To Standard...

Clear Results

] ]

Table (expand/extreme)

Components Extreme Table (over selections)

Flow Table (over loads)

Criteria Plot

Contour Plot

26

Criteria Plot — ot
: |
Description | | L
Options Selection
Check [2. Fatigue Check AL ks B ] R 9
Load Group |'I..Luad Group 1 | '1 AR,
Parameter 2. | Lkilization Factar - v X
Direction 3. | Cwverall i 4@ ﬁ
LG Parameter Absolute
Faint Of Interest 4. | Total ~| Type |AbsMax -~
View 1..Default View ~ | || | #F Elemerts 15707
Labels MNone | r Limits |Nune | s

Set Default Tile 5. | G oK Cancel
Point of interest = AbsMax Total is absolute
maximum utilization factors among all point of
interest.
www.sdcverifier.com




Report. Tables and plots

Execute Reports => Add Report Designer
=> Results.

Click on Expand/Extreme Tables in
Fatigue Check context menu.

Table Type: Extreme.

Load Group: 1..Load Group

Selection: All Entities.

Parameter: Utilization Factor.

DOOOOOO

Press OK.

27

st Add VI m Wizard-Ellr: ty =
- - b 3 Fatiaue 5 & Generate Ctrl+Alt+G
—  Remove Multiple @ Wizard - Model Setup [Z] 3. Fatigue 5 c Cortac
opy rl+
9 Renumber [ Wizard - Results [ Past
aste
¥, Generate Multiple [ Wizard - Full v
*  Remove Del
Designer - Empty i=  Remove Multiple Ctrl + Del
DesignerModeliS=tup) Restore default title
1. r Designer - Results B CrteriaPlot
Lesigner - Full riena i
E Contour Plot
P tati
ﬂ; resentation 2. [|§| Table (expand/extreme)
-ﬁ Components Extreme Table (over selections)
5& Flow Table (over loads)
_— Apply To All
% = L4 Replace
Sort Tables/Plots
| =l Sort Tables/Plots and put in chapters
Custom Check Table — X
4. 5.
Loads | Selections (1) (Elements)
Count LG1. Load Group 1 I‘V': iI ® & (B F E =
d [=1p|e
*
3 I Table Type Extreme {worst result on selection) ~ I
’ &
Table Structure Parameter over Directions i
x
Extreme Settings
(O) Detailed (extreme locations - element and load for Load Groups]) ‘D
(®) Short {only extremes) 2

Parameters

Kappa Factor

Stress Fatigue

6.

Allowable Stress Fatiiue

Lad

v

¥

7
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Report. Tables and plots

Click on Criteria Check Plot in Fatigue
Check context menu.

Parameter: Utilization Factor.

Direction: Overall

Point of Interest: Total.

Selection: All Entities.

Press OK.

Generate [@ check item

OEOOOOOO

Check Plots X
Loads Selections (1) (Elements)
Count LG1. Load Group 1| ,4 %= EEEEL
Parameter Drections +
Kappa Factor X
Stress Fatigue Y &
- 7 =
XY
YZ 2
2. Zx =
3.
5 Parameter Absolute
Views Points of Interest
1_Defaut View [End1/Top |
5.
=N
x Total calculation type | AbsMax -
; -
Limits None &# c v

Cancel

Lttilization .It'a 5
RS Overall Utiliza
RS Utiization Fa
IR Overall Ukiliz=

11|
Generate Ctrl+Alt+G
Copy 7. Ctrl+C
[ Paste b
X Remove Del
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Report. Results

Utilization Factor [LG1, All Entities)

Stamdard 1.FEM 1.001 Check [51] 2..Fatigue Check

Load Group LG1..Load Group Parameter Utilization Factor

Selection All Entities
2..Fatigue ChECk treme X Y z XY YZ X Eqv Owverall

Minimum
Property Value Value 0.00 0.00 0.00 0.00 0.00
g‘::f:g. i:lel';:ﬁ::'sc”mm Chenk Element ID 34463 21082 38312 22151 83824
Parameters 4 Maximum
Alias (Parameter) Kappa (Kappa Factor) alue 1.48 1.87 1.30 2.00 1.87
Deseription Ratio between the extreme stresses Element ID 1128 7547 30841 100747 37547
All if{SweldAbs = 0, SweldMin / SweldMax, SweldMax ! SweldMin) Absolute
Alias {Parameter) 5f {Stress Fatigue) Value 1.45 187 1.30 200 187
Description Permissible stress for fatigue depends on the element group (E1-E8) and weld type Element ID 1128 7547 30841 100747 ITE4T
All Min{units. FromPaToCurrent{Switch(Material Type, Fe380, 5f_Fe350{ElementGroup, .

\WeldType), Fe510, Sf_Fe510{ElementGroup, WeldType]}), 0.75 * Tensile)

Alias (Parameter)

Sallow_fatigue (Allowable Stress Fatigue)

Description Appendix 3.6, formulas {1}-14)

All if(Kappa = 0, f{SweldAbs > 0, 1, 1.2)*(5/3* S/ {1-(1-(5/2* 5f) [ (0.75 * tensile)) *
Kappa). if{SweldAbs = 0. (5 * 5f) / (3 - 2 * Kappa). (2 = 5f) / (1 - Kappa)})

Eqv 0

Alias (Parameter) Uf [Utilization Factor)

Description Appendix 2.6, equivalent rule - (5)

All Abs({SweldAbs) / Sallow_Fatigue

XYIWIZK Abs{SweldAbs) / (Sallow_Fatigue / if{WeldType <= Weld_K4, SQRT(2), SQRT{2))}

Eqw pow(me.x, 2} + pow{me.y, 2) + pow{me.z, 2} + pow{me.xy, 2} + pow(me.yz, ) + powime_zx, 2}
- signfSweldAbs 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

Owerall Max{me.x, me.y. me.z, me xy, me.yz, me.zx, sqrtime.eqv})

28

Overall Utilization Factor (LG1, All Entities, v1, Total)

O Pt

Expretwan: S350 U ramprageel) e o te e esky)
Trra:§

Sfeb- 1804

Check [S1] 2..Fatigue Check Point Total
Load Group LG1..Load Group Parameter Overall Utilization Factor
Selection All Entities View 1..Default View
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Eurocode3 Stress history

» 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 eb6 LS4, LS3, LS2, LS], IL1
L4-L2 1,0 e6 LS4, LS3, LS2, IL1
L4-1L3 0,5 eb6 LS4, LS3, IL1
L4 13 L2 L1

NB gravity load is also included because the stress variation determines the fatigue damage
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Add Fatigue Group (stress history)

Select Fatigue Groups in Navigation tree

SDC Verifier 3 - ChUsers\Pavlo\AppData\Local\ Temp\FEM. 1.007.tmp\FEM. 1.001_files\dpO\SDCVAACTVFEM 1.001 and Eurccode 3.ansv - O x

File  Settings Model

OeRsYE¢dp- o EEHS B0 =LlL0L (R

Recognition  Job

Tools  Standard

Post-Processing

Results

Report

Help

Title: Detailed load cycles pattern

Select all groups and press | #

Select 1..L1-L4 and 3..L2-L4

Fatigue Item Cycles: 0.5e+6 and Set.

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

=5 Settings
Unit System

-
_..Q Jobs (1)

=& 1. Static Structural
-4 FEM Loads (6)
-4 Constraints {0}
48 Individual Loads (5}
-+ Load Sets (4)
=)kt Load Groups (4)

[ FG Fatigue Groups (0)
=hles

- Plats (0)

~T Tools

-8 Standards (1)

-] Reports (0)

D

LG1

Add Fatigue Group

Description |

| Tile

Il Detailed load cycles pattem

12. |

[+

i o 5.

1..Load Group

21114

500000

000000 6

Total number of load
cycles is calculated
automatically

Total amourt of cycles 2000000 | Create |7_

LOOOOOO

Press Create

15:06:24 Saving backup file...
15:06:24 C:\Users\Pavlo\AppDat:
15:11:24 C:A\Users\Pavlo\AppDat:
15:11:24 Saving backup file...
15:11:24 C:AUsers\Pavlo\AppDat:

15:16:24 CAUsers\Pavlo\AppDat:
15:16:24 Saving backup file...
15:16:24 CAUsers\Pavlo\AppDat:

Nodes: 39335 | Elements: 39707

Direct stress range Aay [N/mm?]

1000

100

EELEEE

10

~

.

10E+04 10405

1.0C*062

s 1,0E407

1,0E+08

Endurance, number of cycles N

1,0E+09

G+ | Ansys .2

I Detail category Aoy

2 Constant amplitude
fatigue limit Ady,

3 Cut-off limit Aoy,
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Fatigue calculation with Eurocode 3

Execute Add => Eurocode 3 Fatigue 5 Tools |
. i | 4
(EN 1993-1-9) in Standards context B Add v @ aes \
menu. - el ‘= Remove Multiple B asc "
= E‘E,': Renumber B an »
W
Consequence of Failure: Low oy | Cleorresuls B asMevm @otw)
S| W Load From Library DIM 15018 (1924)
- : B onv ¥
. 2 \Riization Factor (LG, 3 Selections)
Assessment Method: Damage L J%m B N300 @os)
tolerant — [E] 3. Fatigue Summation Eurocaded P | B Eurocodes Members (EN 1983-1-1, 2005)
* -Prm
- 4] Reponts (1) F.EM. 1.001 (3rd, 1998) B  Eurocodel Welds (EN 1933-1-8, 2003)
R 1. Report B 150 15902 (1st, Dec 2007) 1. [E Eurccodes Fatigue (EN 1993-1-5, 2005)
B Morsok NOO4 frev.3, Feb 2013) Eursende Balts (EN 1993-1-8, 2005)
E Custom
Eurocode 3 Fatigue — O X
ID Tile  |Eurocode 3
Description | | A
Selection
FAT Class [ | | Define A hs| |G E) G e
Reduced Range |2..Heduced Range | Define + Al Ertities -~
Consequence of Failure Low w v || %
Assessment Method Damage tolerant ~ p p
Damage 1.15 e [ ] Bemews [z |
1.0 ’
tolerant e b ] [0 ||#| UntSystem [MKS Meter/Kg/Second) | [
Safe life 1.15 1.35 4 OK Cancel
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FAT classes Eurocode3

_ Perpendicular to weld | Parallel with weld _

Weld

No weld

32

80 1 100

160 5;;;;? 100 5;;;;?

Table 8.1: Plain members and mechanically fastened joints

Ditail . . . Lo .
category Constructional detail Description Roguirements
NOTE The fatigue strength curve associated with category 160 | Rolled and extraded products: Dictails 1) &0 3 )
is the highest. Mo detail can reach a better fatigue strength at any
mumber of cycles, 1) Platcs and flats; Sharp cdges, surface and rolling
160 e e 2) Rolled sections; flaws to be improved by grinding
—_— Hf O 1) Scamles s hollow sections, umnitil remoy od and smooth
% T, . — either rectangular or circular, transition achieved.
— — P
\._1_.-' '~_ A ‘,_3_/
7) Repaired automatic or manual | 7) Improvement by grinding
fillet or butt welds for categories | performed by specialist to remove
100 1) to6). 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
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Eurocode3 Fat Class

Press Define for the FAT Class.

Full Model: 160

All Entities: 100 (No weld)

For welds: X: 100; Y/XY: 80

OOOOO

For welds intersections: X: 80

33

Edit Classification - x
ID 1 | Title |FAT Class |
Alias [FAT |
Description | |
Element(s) Classification
FAT Stress 160 v| | Aeoly |
Direction |>< v| | Apply |

Mo,  Selection Classification IE
1| Full Model 2.[1e0|

4 | Al Entities 3.]100 (¢, Yz, 2%)
2| Al welds 100
3 | Alwelds " a0 . xn)
5 Al welds intersections

< [3] [w]

Impart Welds

ok | Ccancel |
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FAT classes plot

Edit Classification - X
ID [1 | Title [FAT Class |
Alias [FaT |
Description | | v
Element(s) Classffication
FAT Stress 160 ~ Apply
Direction X ~ | | Apply
MNo. Selection Classification L |l
1 Full Model 160
L
4 All Entities 100 (XY, YZ, ZX)
2| Allwelds 100 (%)
3| Allwelds 80 (Y, X¥) x
All welds intersections 80 (X) @
’ X
- ¥
z
Import Welds Cancel X
¥Z
X
Equivalent

34
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Fatigue Damage Plot

Execute Criteria Plot in Fatigue Check
context menu

Parameter: Summed Damage

Direction: Overall

Point of interest: Total Type: AbsMax

Press L Preview

DOOOO

Press OK

Check Plat 5 - ] X
D Title |
Description | | -
Options Selection
Check |2. Fatigue Check | [nw| k] [ 5 9
Fatigue Group |1..De*tai|ed load cycles pattem | :1 + All Ertities Al #F
Show Result for FG1. Detailed load cycles pattem w v || X
Parameter 2. | summed Damage i p @
Direction 3. | Overal b
Port Of rteresty [Totd v Tope |Abstlax | |
WView 1..Default View | (ol | Bements
Labels None | ra Limits |None | ra

5. 6.
Set Default Title Cancel
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Comparison

FEM 1.001 utilization factor

03
02
01
0.00091 Min
0

Eurocode 3 utilization factor at 2 million cycles
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