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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;

* Weld Finder Tool overview;

* Implementation in SDC Verifier;

» Fatigue tables and plots;

» The functionality of SDC Verifier Report Designer can be checked via the link to a separate tutorial (Slide 38).
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Run Analysis
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Go to Home section on the Ribbon

Press > on the toolbar to analyze Job

Job 1 analysis started and finished.
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12:00:00 Job 1 analysis started
12:00:00 Analysis opticns!
Simple analysis loads: 5

Inertia relief analysis loads: 0
Met included loads: 0

Skipped loads: 4

12:00:45 Job 1 analysis finished
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Weld Finder SDC Iz

VERIFIER

I B Model
. ) E Recognition
In the Model Tree, execute Recognition L. Joint Finder

=>Weld Finder => Edit... /. Beam Member Finder

¢ Beam Sections Finder
‘= Panel Finder
. 4\ Weld Finc
Press Find sl Connectid 1
4 A Jobs (1)
Welds Finder - [m] x
(] 4
Welds | Weld Strength Settings | Hot Spot Stress |
Filter = . Apply Filter Find Weld by ID | | [ Navigate |
D Tite Tensile Strength (Min} [kPa]  Yield Stress (Min) [kPa]  Is Symmetric Is Curved  Modes Elements  Weld Parts
[w] oo oo I R RN : :
2 Weld 2 [-29600.2; 12060.8; 11532.5] 360000000 240000000 Yes Ne 6 15 3 =0 Add’ Ed’ t’ Comb’ne and
3 Weld 3[-30610.2; 12381.47; 11532.5] 360000000 240000000 Yes No 6 15 3
4 Weld 4[-30610.2 12060.8; 11532.5] 360000000 240000000 Yes Neo 6 15 3 E‘ R emove We l dS
5 Weld 5[-20600.2: 12508.47: 11532.5] 360000000 240000000 Yes No 6 15 3 l:‘
6 Weld 6 [-20610.2; 12598.47; 11532.5] 360000000 240000000 Yes No 6 15 3
Note: All Weld nOdeS Shou ld 7 Weld 7 [-29600.2: 11658.35: 13135.66] 350000000 240000000 Yes Yes 51 100 2z @
g Weld 8 [-20587.7; 12268.61; 5470] 360000000 240000000 Yes No 2 2 2
be lo n g to We ld e le m e n ts . 9 Weld 0 [-30622.7: 12268.61: 5470] 360000000 240000000 Yes No 2 2 H
10 Weld 10 [-30610.2; 11658.35; 13135.66] 360000000 240000000 Yes Yes 51 100 2
11 Weld 11 [-30105.2; 11668.6; 12005] 260000000 240000000 No No 25 9 4
. . . 12 Weld 12 [-30610.2; 11197.58; 11430] 360000000 240000000 Yes No 15 42 3
The opt]on 1S automat]cally 13 Weld 13 [-30610.2; 12221.14; 11430] 360000000 240000000 Yes No 7 P N
. . . 14 Weld 14 [-30610.2; 12489.97; 11430] 360000000 240000000 Yes No 7 18 3
d'lsabled When the Weld 1S 1N 15 Weld 15 [-30610.2: 1267354 11430] 260000000 240000000 Yes No 5 12 3
16 Weld 16 [-30610.2; 12381; 12094.9] 360000000 240000000 Yes No 21 60 3
17 Weld 17 [-30610.2: 11977.98; 12095] 260000000 240000000 Yes No 2 2 2 P
Add mOde and enabled When 18 Weld 18 [-30610.2; 11921.73; 12095] 360000000 240000000 Yes No 2 4 4 Move Welds. Order .IS ]mportant When
19 Weld 19 [-30610.2: 11752.98; 12095] 260000000 240000000 Yes No 2 4 4
in Edit mode. 2 W ostoa igeTs 1w e o S N R R one element belongs to 2 Welds
21 Weld 21 [-30610.2: 11290.04; 12095] 260000000 240000000 Yes No 21 60 3 l:‘
V . 22 Weld 22 [-29600.2; 12381; 12094.9] 360000000 240000000 Yes No 21 60 3
23 Weld 23 [-29600.2; 11977.98; 12095] 260000000 240000000 Yes No 2 3 3
IS used to recogn.lze We ld 24 Weld 24 [-29600.2; 11921.73; 12095] 360000000 240000000 Yes No 2 4 4 Preview Se lected We ld S
elements from nOd es Enabled 25 Weld 25 [-29600.2; 11837.36; 12005] 360000000 240000000 Ves No 3 7 3
° 26 Weld 26 [-29600.2; 11752.98; 12095] 360000000 240000000 Yes No 2 4 4
y 27 Weld 27 [-29600.2; 11696.73; 12095] 360000000 240000000 Yes Ne 2 2 3
Wh e n t h e P’ Ck e l emen ts 28 Weld 28 [-29600.2; 11290.04; 12095] 360000000 240000000 Yes No 21 &0 3 .
manually Option -is turned ON 20 Weld 20 [-29600.2; 11197.58; 11430] 360000000 240000000 Yes Ne 15 42 3 . E‘ PlOt Of selected Welds mn
.
.
SetParrmeer || Crceon e s | colors and with labels of IDs
ESNETE )

5 https://sdcverifier.com



https://sdcverifier.com/?utm_source=pdf&utm_medium=tutorial&utm_campaign=get-started

Weld Finder. Additional Information

SDC

VERIFIER

After the recognition is finished, all welds are checked on the design. If all weld parts of single weld are welded or all weld
parts are not-welded, they will be included to the list of welds that are recommended to be checked manually:

—e Press Close

Note: If a weld consists of only 2 parts (e.g. Angle-weld), all parts
will be set as welded but weld will not be included to the list;

Check weld design is essential for Weld Strength checks. As this
tutorial is devoted to Fatigue, the window is to be closed.

Check weld design - O X
Unable to recognize weld parameters automatically. Welds that match one of the following
criternia are displayed:

H  Type Description lzsue
1 Waming | All weld parts in a weld are welded Continuous parts in real model will be treated as welded
2z Waming | Different weld part lengths in a weld Different area of the weld that will lead to stress variation
3 Emor Length of any weld part of a weld is zero | Possible mesh disconnectivity. Weld area is 0
D Tie Nodes  Bements lengh  Crteion  Welded  Non-Welded
Weld 61 [-30105.19; 12748.61; 5470] |25 1 3 0
24 Weld 204 [25768.28; 12268.61; 5470] |9 24 3367 1 3 0
205 Weld 205 [30105.18; 12268.61; 5470] |9 24 3366 1 3 0
206 Weld 206 [30442.12; 12268.61; 5470] |9 24 3367 1 3 0
Set welded parts by elements | |Setnon-weldedpa‘tsbyelerrﬂis | Close

™M

There some Welds with all
welded parts were found; this
message should be closed

https://sdcverifier.com
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Weld Finder Plotting Functions SDC Iz
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To plot all welds, in Welds Finder
select them by combining Ctrl + A
1 o
Press|* | and select Welds in colors
Press OK
Welds Finder - (=] x
(= 4
Welds | Weld Strengh Setings| Ht Spot Siress |
Filter [None ] = Find Weid by ID Navigate |
J— o Title Tensile Strength (Min) [kPa]  Yield Stress (Min) [kPa] Is Symmetric IsCurved  Nodes Elements  Weld Parts.
Welded/non-welded parts
Weld parts
|3 Welds in colors

Welds in colors + Labels of IDs

Weld parts length + Labels of values

Weld parts throat thickness + Labels of values
Weld types + Labels of values

Coordinate Systems

Weld part throat

Welded/non-welded parts + throat The software offers an extensive variety of Plotting options
e : that can be selected according to the user’s objectives.

[ oc J[ come ]

> & 8 &

|
|
240000000 I Yes

e

Set Parameter | | Check on Weld Design |

https://sdcverifier.com
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Stress Transformation SDC Iz
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.. +a T,...— 0.
:(xx yy) (O yy)*c0529+rxy*sin2€

Inn 2 2
Stresses for Weld elements are automatically transformed in the
B (gxx_gyy] . direction of the corresponding Weld from Weld Finder Tool, using
Ine = — 2 *SIn 20 + Tyy * cos 20 the Wedge Method. Stresses are transformed only for plate type

elements.

(Jxx + gy}r) (Uxx _Uyy)
2 2
Oxxr Oyys Ty — Original X,y and shear stress in local element x, y and shear directions

Ttt, Onn, Tnr — transformed x, y and shear stress in weld x, y and shear directions
£ — angle between the element and weld x directions.

O = * COS 20 — Tyy * SIN 260

Weld Csys

Element Csys

—->

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

R1FI

In the Model tree, in Standards

ra n Pk I
execute Add => F.E.M 1.001 (3rd, =
b &8 Post-F T Add -
1998) £ Post _
E]0ptim =i Rename Multiple
ABRS E
Il Repor, .
= Remove Multiple AlSC »
: Renumber AP »
Clear Results Al (2005 Edition, 2017)
AS 3090 (1993}
ASME 3
DIN 15018 (1924)
DNV J

DV5 1608 and 1612
EM 13001 (2018)

F.E.M. 1.001 performs Static Stress Check and Fatigue Check for

steel structures of crane and crane equipment. Fatigue calculations Eurocode3

are performed according to Allowable Stress Design method (ASD). F.EM 1.001 (3rd, 1998) n
FKM
IS0 b

Morsok NOO4 (rev.3, 2013)

Comparison Standard
Deflection
Customn

ALLQ0D ODDHNODLDOD0D0D0H0OHSD S

Load from Library

9 https://sdcverifier.com
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Fatigue F.E.M. 1.001

10

Allowable Stress Desigh method

The following formulae give for all values of k the permissible stresses for fatigue mm[pzermISSIDIe stress)
{ Oy m
a) k=<0 250 e
- for tension : o=5.04/(3-2.x) N
avZ.er%
- for compression : 0c=2.0wl(1-x) ) /// /
T, y Y f
oy is given in table above. / /7 / /
b) k>0 | / / / /
- for tension ot=0o/[1-x.(1-00/0+1)] (3) wo/ A/////,” /
/
- for compression o.=12.0 4) :’(Va %‘; / / // /
0
Kj / / /
2 100
W, |‘/ /
where oo = tensile stress for k = 0 is given by the formula (1) that is : K2 //
0o = 1.66 . Ow / /
K3 / /
o+ = tensile stress for k = + 1 that is the ultimate strength or divided by the coefficient of safety — 50
4/3: 0w =0,75. 0r % e P
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 k for the following cases : 0 -
- steel A52 10 08 06 04 -02 0 02 04 06 08 1,0
- predonEIigant tensile stress ; Ratio between the extreme stresses
- group E6 ; - a s
- construction cases Wo, W4, W, for unwelded components and cases of construction for Figure A.3.6.1. (A 52; tension; group EG)
joints Ko to Ka.

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

https://sdcverifier.com
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Definition of Weld Categories SDC Iz
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» 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-W?2 for non-welded parts
» KO-K4 for welded parts

» Better fatigue resistance results in lower class number

11 https://sdcverifier.com
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particular weld type (K0-K4 -

and joints, not affected by welding). Weld Type depends on a shape, a
structural design, a whole pattern or a type and a quality of welds.

Weld Type

Weld Type, also called Notch Case, defines the elements that belong to a
joints affected by welding, W0-W2 - elements

SDC

VERIFIE

Case K2 - Medium stress concentration

™M

Reference |Description Figure Symbol
Parts of different thickness butt "ﬂﬁ-r
welded (0.Q.) at right angles to the —

2,1

direction of the forces. Asymmetrical
slope : 1 in 3 (or symmetrical slopes :
1in 2)

24

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

NS =

Case Ks - Severe stress concentration

3,1

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

-~

3.4

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

e

<
j \V

Case K, - Very severe stress concentration

Reference

Description

Figure Symbo

4,1

Parts of different thickness butt
welded (0.Q.) at right angles to the
direction of the forces. Asymmetrical
position without blend slope

<L

Case Wp
Reference |Description Figure Symbol
Parent metal, homogeneous surface. -
Wo Part without joints or breaks in continuity
(solid bars) and without notch effects ——
unless the latter can be calculated.
Case K - Slight stress concentration
Reference |Description Figure Symbol
O\ DR
0.1 Parts butt-welded (S.Q.) at right
angles to direction of forces P 100
g d M
Case K1 - Moderate stress concentration
Reference |Description Figure Symbol
-
Parts joined by butt welding (0.Q.) at %}t
1.1 right angles to the direction of the
forces - - ;’2
12

4,4

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

https://sdcverifier.com



https://sdcverifier.com/?utm_source=pdf&utm_medium=tutorial&utm_campaign=get-started

T —— T TR Fo———————— [ShEar
Par ~ P or ' -
P 100 = P00
Ko s Por :@ "H

[
>< 5100 S P 100

~

g
] | [z |2
- r

WO (J\/ In the software: ¢,(-1) = o, (-1) / sqrt(3)

iy

_ o,(-1) for k=-1, Element Group E6, Fe 360
Notch group WO w1 W2 @ K3 K4

S —

Stress amplitude 147.8 125.7 103.5 127.5 113.8 95.6 68.3 41.0

https://sdcverifier.com
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For Beams SCF of Connections Can Be Included in the Classification SDC Iz
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Depends on Stress concentrations:

Case K - Slight stress concentration

Gusset secured by butt-welding (S.Q.)
0,13 at right angles to the direction of the i | P1
forces

8

Case K1 - Moderate stress concentration

Vv X

Gusset joined by butt welding (0.Q.)
1,13 at right angles to the direction of the -— |—
forces

=R}
'D_l
28

Case K2 - Medium stress concentration

Butt weld (S5.Q.) at right angles to the
direction of the forces, made at '

2,13 intersection of flats, with welded -— |
auxiliary gussets. The ends of the
welds are ground, avoiding notches

¥ X

2
8

Case K; - Severe stress concentration

Butt weld (O.Q.) at right angles to the
direction of the forces at the

3,13 intersection of flats with welded - —
auxiliary gussets. The ends of the
welds are ground, avoiding notches

Case K4 - Very severe stress concentration

Butt welds (0.Q.) at right angles to the
4,1 direction of the forces, at the

(not included in this tutorial) intarsaction of flats (no auxiliary
gussets)

XY (XY K

14 https://sdcverifier.com
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Weld Type Classification. All Welds §DC M
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F.EM. 1.001 (3rd, 1998) — ®
Edit Classification — | X
Press |==]|to set Weld Type (A-3.6.1) | 1 Tie [FEM. 1001 G, 1998 |
Alias |Standard‘| | D |-| | Title |We|d Type |
.. Descripﬁon| |V| Alias |WeIdT}rpe |
Press | *to Add Condition | 1 _ -
Settings Selection Description | |V|

Weld Type (A-3.6.1) I:l @ @ Element{s) Classification

Element Group (Chapter 2.1.4.4) IE‘ + All Entities |:| I:‘ Weld Type Enum | KO = Apply |
—e Press Add all Welds st Type (4351  ® ] Shecton . T ey
Materials with Yield and Tensile = 0 0 Selaction Classification IE‘
. . . Safety Factors for Static Stress Check Elements e g [7]
—e Select Multiple Conditions options | [ us ot spot stess B
| ok || cancel | D
]
_e PreSS X/ Y/XY Classification Cendition - O b
Weld Type Enum
Title | | () One Condition (@ Multiple Condition
_e X: K1 Y: K2 XY: KO Default Title | All welds | Al || nome || xwmv |
Selection x |k ~] E
[ou] (s vk ﬁ : ]
_0 Press OK + All welds D L1z ko ‘ D
D Iz' Bx [xo d | ImportWelds || Clear ok || cancel |
Ovz ko
Elements [z KO
\_ﬂ || Addallintersections | L
oK Cancel

https://sdcverifier.com
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Weld Type Classification. Welds Intersections

SDC W

R1FI

Press |¥|/to Add Condition

Click Add all intersections

Value: K2

Directions: X

Press OK

Edit Classification - m| *
I " | Title |Weld Type |
Alias |WeIdType |
Description | |V|
Element(s) Classification
Weld Type Enum ko Apply |
Direction [x J Apply

Selection Classification

Full Madsl W

Al welds K104

All welds K2 {Y)

Al welds KO (XY) E
@]
[A]

Import Welds || Clear ok || Cancel |

Classification Condition — O *

Weld Type Enum
@) One Condition () Multiple Candition

Title |

Default Title  All welds intersections Al Xy |

- |

MNone | |

Selection
(] [oS] (52 [12] (2] @] [om] '
+ All welds intersections I:‘ a
| [x]
O

O

Elements | Eqv

| Addallwelds || Addallintersections |

At intersecting Welds all stresses are

perpendicular to the weld direction.

The last condition overwrites the previous ones,
and settings in condition 2 => K1(X) are replaced
with K2(X) for intersections.

https://sdcverifier.com
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Plot Weld Type Classification SDC Iz
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Edit Classification — a X

Alias |We|dT ype |
Description | | v |

Element(s) Classification

_0 Press| ?' || => Labels => Direction X, and o ] e e |
then Y to make Plots for the full model

Press OK X

Weld Type Enum ko < meey |

Direction [x < meey |
Selection Classification
Full Model Wo
All welds K1 (%)

All welds K2 (%)
All welds KO (X¥) E
All welds intersections K2 (X)

S\

I WValues ]
Labels b
u Selection
Y | importWelds || Clear | | ok __fTancel | i
-
Plots are displayed for the full model by default. -
In order to limit the displayed part, it is possible vz
; to change the Selection. 7
o t z Equivalent
|

d \
H

17 https://sdcverifier.com
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Element Group §DC M

RIFIER

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

Example of Load Cycles: Load Spectrum
Load Cycles Number | Total Table T.2.1.4.3. - Spectrum classes
Moves per hour 30 Sym1bol Spectrum factor kEPO -
P Ksp < 125
Hours per day 10 300 (P2 0125 < ko < 0250 ]
Days per year 300 90000 P3 0,250 < Kk < 0500
Number of Years 20| 1800000 P4 0500 < ke = 1,000
Total Million: .8 - ,
ksp = (01/ Omax)” (N1 /1) + (02/ Omax)” (N2 / N) + ...... +(0d Oma)” (Nr/ D) = 2 (0 onad” (/)]
Class of Utilization B7 (1.8 million < 2 x 10"6) M* Nt 0= 5 M=
Element Group
Table T.2.1.4.2. - Classes of utilization
il diralor of I Table T.2.1.4.4. - Component groups
Symbol (number n of stress cycles)
BO n = 16 000 Stress Class of utilization
B1 16 000 < n < 32 000 Spec‘trum
o oM e class | B0 | B1 | B2 | B3 | B4 | B5 | B6 [[B7]] B8 | B9 | B10
B4 125 000 < n s 250 000 E1 E1 E1 E1 E2 E3 E4 = E6 E7 E8
B5 250 000 < n = 500 000 ri_l E1 E1 E1 E2 E3 E4 B |||l = E8 E8
I BA 500 000 < n < 1.000 000 I FB E1 E1 E2 E3 E4 E5 E B E EB E
B7 1 000 000 < < 2 000 000
125 7000 000 2 : < 7000000 P4 E E2 E E4 =2 E6 E7 E8 E8 E8 =2
B9 4000 000 < n < 8 000 000
B10 8 000 000 < _n

18 https://sdcverifier.com
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Define Element Group

SDC
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In F.E.M. 1.001 (3rd, 1998), press
to define Element Group

Select Element Group Enum: E6.

Press To All

_0
_a
_e
_e

Weld Type (A-3.6.1)

Elerent Group (Chapter 2.1.4.4)
Matenal Type (A-3.6.1)

Materials with Yield and Tensile = 0

Safety Factors for Static Stress Check
[] Use Hot Spot Stress

F.E.M. 1,007 (3rd, 1998) — >
D ‘1 | Title |F.E.M. 1.001 (3rd, 1998) |
Press OK _
Alias ‘ Standard1 |
Description ‘ |V|
Settings Selection

(] vz [] (2] (] (][]

. B[] | - aienites
I
0
Elements

=] ][]
[][x][ |

| ok || cancet |

19

Add Element Characteristic — O X
D |1 | Title |Hement Group |
Alias | ElementGroup
Description |
Elemental Selections
Element Group Enum £ “|| ApplyToselected || Toan |

Selection Value
All Entities E6 |:|
[C]

[]

[]

[2]

[n]

[]

[ | o o]

https://sdcverifier.com
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Define Material Type

SDC
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In F.E.M. 1.001 (3rd, 1998), press
to define Material Type

In Material Type Enum, select Fe 360 (Fe 37)

Press To All

0000

F.EM. 1.001 (3rd, 1998) - X
Press OK
ID 1| Title FEM. 1001 (3rd, 1998) |
Alias ‘Standard |
Description | (vl
s e
o301 ]

Element Group (Chapter 2.1.4.4) Defined
Material Type (A-3.6.1)

Materials with Yield and Tensile = 0 0

Safety Factors for Static Stress Check

[] Use Hot Spot Stress

@ + All Entities
(2]
Elements

Materials Characteristics - O *
ID 2| Title |Material Type |
Alias | MaterialType |
Description | Fe360 or Fe510 ﬁ
Materials
el s s | Fe 360 (Fe 37) v || ApplyToSelected || Toml |

Material Value IE‘
1.5355 Fe 360 (Fe 37)

2

| ok || cancel |

https://sdcverifier.com
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Materials Yield Stress and Tensile Strength

SDCM

ER

Selection: All Entities

Press | & || to edit material properties

The amount of materials with undefined
Tensile or Yield is displayed in the field

F.EM. 1.001 (3rd, 1998) - X
ID [ | Title |F.EM. 1,001 (3rd, 1998) |
Alias ‘Standard1 |
Description | | v |
Settings Selection

Weld Type (A-3.6.1)
Element Group (Chapter 2.1.4.4)

Material Type (A-3.6.1)

et [
oot [

MEAEEGEE

+ All Entities

Press OK

Press OK

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

PN S |1.F.EM. 1.001 (3rd, 1998)
I E Input
4 [v]Checks (3)
1..5tatic Stress Check
2. Fatigue Check
[£] 2. Fatigue Summation

The Standard has ben created.

21

Materials with Yield and Tensile = 0 I:l
Safety Factors for Static Stress Check Elements 39707
[] Use Hot Spot Stress
. . | OK | Cancel
Material Fatigue Properties - O >
Properties
Materials Tensile Strength [kPa] Yield Stress [kPa] Tensile Strength [kPa]
1.5355 360000000 240000000
Yield Stress [kPa] n
= https://sdcverifier.com
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Fatigue in SDC Verifier

Kappa Factor

Ky = Oxmin / Ox max

Ky = Oy min I'Uymax

ny='13xymh-"'"|3xymax

Allowable Stress

a) k=0
- for tension :

0 =5.0,4/(3-2.x) (1)
- for compression :
oOw is given in table above,

b) K>0
- for tension

- for compression

Utilization Factor Combinéi\

(Ox max / Oxa )2+(0ymax/0ya )2 =
0xmax-°ymaxé(|0xal-|0ya|)+
(Txymax/ Txya )™ < 1

where the stress values oya, Oya @nd Ty are those resulting from the application of formulae (1),
(2), (3) and (4) limited t0 0,75 . og.

22

SD

VERIFIER

Implementation of Formulas in SDC Verifier.

M

Custom Check (built-in, not editable) -

Options
ID [ | Title |Fatigue Check ||| & Calculate Resuts over Directions
Hias [Fatigue_Check ||| B Calculate Resuits over Points
Description | ||  LoadCalcustion  [Load Group Oniy v
] Show Parameter Description FrherTn |N Ertities |

Parameters (4) / Replacements (2)

Replacement = Use Hot Spot Stress (Use Hot Spot Stress)
811: if({UseHotSpotStress = yes and Element.IsHotSpotCalculated = yes, yes, no)

Replacement = Stress AbsMax (Absolute Maximum Stress)
[Description: Absolute maximum Weld or Hot Spot stress
a11: if{Use Hot_Spot Stress = yes, 5 HotSpotAbs, Sheldabs)

Parameter = Kappa (Kappa Factor}

Description: Ratio between the extreme stresses. Chapter 3.6.4.

A1l: if(5tress_AbsMax = @, @, if(Use_Hot_Spot_Stress = yes, if(Stress_AbsMax > 8, S_HotSpotMin / S_HotSpotMax, 5 HotSpotMax /
5_HotSpotMin), if(Stress_AbsMax > @, SWeldMin / SWeldMax, SWeldMax / SWeldMin}))

Parameter = ST (Stress Fatigue)

Description: Permissible stress for fatigue depends on the element group (EI-E8) and weld type

311: Min{units.FromPaToCurrent(Switch(MaterialType, MaterialTypeEnum.Fe36@Fe37, 5T Fe36@(ElementGroup, WeldType),
MaterialTypeEnum.Fe51@Fe52, 5f FeS1@(ElementGroup, WeldType))}), @.75 * Tensile)

Paramster = Sallow fatigue (Allowsble Stress Fatigue)

Description: Appendix 3.6, formulas (1)-(4)

wll: if(Kappa » @, if(Stress_AbsMax » @, 1, 1.2} * (5 / 3 *sf) / (1 - (1 - (5 / 3 * 5f) / (@.75 * tensile)) * Kappa), if(
Stress_AbsMax > @, (5 * 5f) / (3 - 2 * Kappa), (2 * sf) / (1 - Kappa)))

KY/YZ/ZXK: if(kappa > @, (5 / 3 *5Ff) / (1 - (1 - (5/ 3 = 5F) / (.75 * tensile)) * Kappa), (5 * 5f) / (3 - 2 * Kappa)} / if(
WeldType <= WeldTypeEnum.K4, SQRT(2), SQRT(3))

Eqwv: @

Parameter = Uf (Utilization Factor)

Description: Appendix 3.6, equivalent rule - (5)

| NALL: Abs(Stress_AbsMax) / Sallow_Fatigue

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(Stress_AbsMax.X) * me.x *
sign(5tress_AbsMax.Y) * me.y - sign(Stress_AbsMax.¥Y)} * me.y * sign(Stress_AbsMax.Z) * me.z - sign(Stress_AbsMax.Z) * me.z * sign(
L_IStress_AbsMax.X) * me.x

Overall: Max(me.x, me.y, me.z, me.xy, me.yz, me.zx, sqrt(me.eqv))

& ] [ [

E3
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Create Extreme Table SDC Iz

RIFI
4 [ standards (1) Add ’
R 4 1.FEM. 1.007 (3rd, 1998) 4 Edit
Execute g Table (expand/extreme) in b EInput = e
o B of
Standards => Fatigue Check context 4 [ Checks (3] | e
I . 1. Statlc Stress Check
m en u 2. } N Copy To Standard...
ES Fatlgue Summatlon - :MRE |
. | Post- PFDCEESII'Ig ear Results
—a Load Group: 1..L1-L4 ] Ontimisstions © B rave o . T
B Reports © e
Fatigue check supports only Load Groups. B Criera Plot
If only one load group exist in the project o e S
it will be selected automatically. — T
BEx
D l:l'ﬁlle‘ |
Direction/Parameter: Stress Fatigue ———— =
2:::5 |2.Fatigue Check |
Table Type: Extreme (worst result on n"’;n, - L
selection) e s et on i 8

@) Detailed (extreme locations - element and loads (for Loads Groups))

Detailed (extreme locations-element —
and load (for Load Groups)) - ON ﬂ -

Value > 1

.. Sort by
Select +All Entities and press to e
remove them

0000

EEEEEEE
[+ Al Entities [~][]
.

Elements [zgr07 | (@]

23 https://sdcverifier.com
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Create Extreme Table (Continuation)

press|i:

In Custom Check Table in Selection =>

Select Welds => By Rule and press OK

In Selection, press Fill Table;

Press OK

Components
Matenals
Properties
Groups

Fem Loads
Constraints

Joints

Beamn Members
Beamn Sections
Sections

Welds

Koo NeE e GCFHM 2

T+

Connections

Property Type (Rod, Beam, Plate, ...)
Property Shape (Circular Tube, I-Beam, ...)
Element Topclegy (Tri, Quad, Brick, ..)
Add Visible

Additional Rules

Recent

Import from Components

o —

o —

By Weld Type
From List

On Components
Elements by Text

SDC

VERIFIER

Custom Check Table

D h

| Tite | |

Default Title ‘Slress Fatigue (LG1, All Welds ) |

Description ‘ | v |
Options

Check |2.Fatigue Check |
Load Group D1 1.01-Le |
Direction/Parameter | Stress Fatigue v |
Expand/Extreme Options

Table Type | Extreme (worst result on selection) ~ |

@) Detailed (extreme locations - element and loads (for Loads Groups))

() Short (only extremes)

Filter by
Direction None
Value > 1
Sort by
None
Ascending
Selecti
] [ve]
+ All Welds [~]
[
Elements

- O X
Extreme X [Pa] Y [Pa] Z [Pa] XY [Pa] YZ [Pa] ZX [Pa] Eqv [Pa] Overall [Pa]
R R R P N N R R —
Value 05.60e+3 095.60e+3 127.50e+3 147.80e+3 0.00e+3
Element ID 499 326 326 1 1
Maximum
Value 113.80e+3 95.60e=3 127.50e+3 147.80e+3 0.00e+3
Element ID 1 326 326 1 1
Absolute
Value 113.80e+3 95.60e=3 127.50e+3 147.80e+3 0.00e+3
Element ID 1 326 326 1 1

Select by Elements

24
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Welds by Rule Condition - a x
Operation | Add
Rule Type | Al Welds
Welds
Displaying 9 of 9 rows and 9 of All Welds [ ] Weld Exceptions
[] Weld Tips || Plate Free Edges
Weld Parts
[] Weld Ends Al
[ Weld Parts Welded
["] Weld Intersections All Connected Entities
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Stress Fatigue

Stress Fatigue depends on:
Weld Type (WO0-W2, KO-K4);
Element Group / Loading Group (B1-B6);

Stress Fatigue is used in fatigue Allowable Stress calculations.

k<0 _ Material Type ( St360/5t37, St510/5t52).
- for tension : at=5.E|!(3-2.x) (1)
- for compression : 0. =2 .@! (1-x) (2)
Custom Check Table — m] *
ID l:l TI||E| ‘ Table Info: All Welds , LG1..L1-L4, Parameter: Stress Fatigue, Detailed, Extreme.
Default Title |SlrEss Fatigue (LG1, All Welds ) ‘ Extreme X [Pa] Y [Pa] Z[Pa] XY [Pa] YZ [Pa] ZX [Pa] Eqv [Pa] Overall [Pa]
Table T.A.3.6.1. Descrption | [v) N N S S S S S S_—
Values of gy depending on the component group and construction case (N/mm?) Value 956083 956083 127.502+3 147.802+3 000e+3
Options Element ID 430 326 326 1 1
Check 2.Fatigue Check '
Welded mmmnenb ‘ = ‘ Value 113.80e+3 95.60e+3 127.50e+3 147.80e+3 0.00e+3
Unwelded components Conslruction cases (e ey 1.1 | Element D 1 226 226 1 1
Com- Conslruction cases [Steels St 37 o St 52, Fe 360 to Fe 510) Direction/Parameter | Stress Fatigue 7| Thbeome
ponent Wa | Wi | W ) / Value 11380e+3 95.60e+3 127.50e+3 147.80e+3 000e+3
group | Fe 360 Fe 360 Fe 360 T IR Element ID 1 326 326 1 1
st37 | st52 | st37 | st52 | S137 | st52 | Ko Ki Ka Ka Ke R el i |
S‘l 44 Fe 51(} S‘l 44 Fe 51(} Si 44 Fe 51(} (@) Detailed (extreme locations - eleme loads (for Loads Groups))

ET | 2491|2980 | 2117 | 2533 | 1744 | 2086 [(3679)(323.7) [(271.4) [ 193.9 | 7163 | | O srontontyexremen Corresponding values of Stress fatigue in SDC Verifier:

E2 | 2244 | 2617 | 1907 | 2224 | 157,1 | 1832 ((203,8)| 262,3 | 2203 | 157,4 | 944 || fier>

None

E3 2022 | 2298 | 1718 [ 1953 | 1415 | 1608 | 2384 | 2129 | 1788 | 127.7 | 766

E4 1821 | 2018 | 1548 | 1715 | 1275 | 1412 | 1935 | 172,8 | 1451 | 103,7 /6,2/ setbr

Direction MNone
E5 | 1641 | 1772 | 1305 | 1506 | 1149 [ 1240 | 1571 | 140,3 [ 1178 2 | 505 || o= Ascending
E6 | 1478 | 1556 | 1257 | 1323 | 1035 | 1089 ||1275 | 1138 | 956 | 683 | 410 %‘" [
E7 | 1332 | 1366 | 1132 | 1162 | 932 | 957 | 1035 | 924 | 776 | 554 | 333 » Al ek %
Es | 1200 | 1200 | 1020 | 1020 | 840 | 840 | 8,0 | 750 | 63,0 | 450 | 270 «
Elements Displaying 9 of 9 rows and 9 of 9 columns D

25 https://sdcverifier.com
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Create Criteria Plot

Execute EB|Criteria Plot in Fatigue

Check context menu

Parameter: Utilization Factor

Direction: Overall

Point of interest: Total; Type: AbsMax

Press and then Preview;

Press OK

SDC

R1FI

4 [ Standards (1)
4 [ 1.FEM. 1.001 (3rd, 1998
R Input
4 [v] Checks (3)
1.5tatic Stress Ch
™| 2. Fatigue Check
[I]3.Fatigue Summa
[ Post-Processing
[Z] Optimizations (0)

[l Reports (0)

Add
& Edit

=} Rename
Copy

Remaove

Copy To Standard...
C Mawve

Clear Results

Check Criteria Plot — X
ID i | Title | |
Defautt Title | Overall Utilization Factor (LG1, All Entities, v1, Total) |
Description | [v|
Options Selection
Check 2. Fatigue Check | ] [en]

Load Group 1.L1-14 ] |+ Anentities L]
Parameter | Utilization Factor D E
mson vt (B
LG Parameter Absolute =

Point of Interest | Total v Type | AbsMax ~ |n

View | 1.Default View q Elements

Labels None [#] vuimits [None | 5 e

BE  Table {expand/extreme)
Components Extremne Table (over selections)
B Flow Table {over Io

Criteria Plot
Contour Plot
{1 Bearn Member Diagram

ok || cance |

ER

Preview with Current View

Point of interest = AbsMax Total is an absolute maximum

of Utilization Factors among all point of interest.

™M

https://sdcverifier.com
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Eurocode3 Stress History

SDC W

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

NB. Gravity load is also included, because the stress variation determines the fatigue damage.

27
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Add Fatigue Group (Stress History)

SDC

RIFIER

In the Model tree in Jobs, select
Fatigue Groups|Fc|

0060

Select Load Groups 1-3 and press

28

Title: Detailed load cycles pattern

Settings

® )

Update Model ~ View  Analyze v

m~
w/

Main

Recognitions

Tool=  Standards

Report Layout

Help

(i) Results Manager | g Governing Loads
71, Peak Finder

1@ Freebody

Result Post-Processing

&

Optimization

SDC AP Console
71 Run Script

2 Run Predefined Script
Automation

) I @ Views (1)

I Bl Model

I BB Recognition
4 [ Jobs (1)
4 [ 1.Job 1
4 ‘& Individual Loads (5)
& 1.Gravity
& 2.
& 3.2
&4.13
& 5.4
"% Predefined Load Cases ()
b 4 Load Groups (3)
n FG Fatigue Groups (0}
' Plots (0)
I ,’(Touls
I Post-Processing
[£] Optimizations (0)

I 44+ Load Sets (4)
B Tables (0)
I [ Standards (1)
[}l Reports (0)

Add Fatigue Group

D |4

| Title |Detai|ed load cycles pattern a

Description |

.

Fatigue ltem Cycles 1 | | |

]

Title (0) Cycles

(D]

Count: 3

Total Amount of Cycles 0 |

https://sdcverifier.com
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Add Fatigue Group (Stress History) (Continuation) SDC Iz

VERIFIER

Add Fatigue Group

Select 1 ..L1 'L4 and 3..L3'L4 D |4 | Title |Detailed load cycles pattern |
Description | e
Fatigue Item Cycles: 0.5e+6 and press
Set to SeleCted IE Fatigue ltem Cycles ‘0.5e+6 | | Setto Selected|
Select 2..L2-L4 and double-click on Cycles cell; Title (3) Cycles &
Set value 1e+6 and press Enter button n
3.L2-14 1000 000

Press Create

\ )

=
ra

calculated automatically.

%

E

&

£ EN\Zan.

gﬂ 100 — i i Count : 0 Total Amount of Cycles |2 000 000 | | Create |
§ % Fatigue ltem Cycles 0.5e+06 Set to Selected Total Amount of CyCleS is

= \\

1 Detail category Aoy Title (3) Cycles
2 Constani amplitude 1.L1-L4 500 000
" Jatigue limit Aoy 2.13-L4 500 000

2 5

ki

I I I
105404 108405 1,0E408 1.0E4Q7 1.0E408

Endurance, number of cycles N

3 Cut-off limit Aay,

29 https://sdcverifier.com
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FAT Classes Eurocode3 §DC M

RIFIER

Perpendicular to weld Parallel with weld Shear

Weld 80 100 80 |
- [

:_h“'ﬁ—:“
. )
Noweld 160 @ 100 @

Table 8.1: Plain members and mechanically fastened joints

(@)
(~)
L

Dietail . . . ,
. Constructional detail Description Requircments
NOTE The fatigue strength curve associated with category 160 | Rolled and extroded products : Details 1340 3):
is the highest. Mo detail can reach a betier fatigue sirength at any
number of cycles. 1) Plates and flats; Sharp edges, surface and rolling
160 —_— e 2) Rolled sections; flaws to be improved by grinding
Hf 1) Seamless hollow sections, unitil removed and smooth
% cither rectangular or circular. transition achicved.

) Fa Fa
", (2) \3)

7) Repaired automatic or manual | 7) Improvement by grinding

fillet or butt welds for categories | performed by specialist to remove
1) to6). all visible signs and adequate
verification can restore the
original category.

100

For determination of FAT classes check standard!
In this tutorial only examples are given.

30 https://sdcverifier.com
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Fatigue Calculation with Eurocode 3 §DC M

RIFIER

4 Sta f ABS »
a 1. |+ Add 4 AISC »
_0 In Standards, execute Add => Eurocode3 [ =l Rename Multiple APl >
- . AlJ (2005 Edition, 2017)
=> Eurocode3 Fatigue (EN 1993-1-9, 2005) 4y = Remove Multiple 25 3950 (1995)
II_.j Renumber ASME ) Eurocode3 Members (EN 1993-1-1, 2005)
Clear Becul DIN 15018 (1984) Eurccoded Welds (EN 1993-1-8, 2005)
Consequence of Failure: Low | e =ar Results E:‘:m o 18 | Eurocode3 Fatigue (EN 1993-1-9, 2005) |
EN 12001 (2018) Eurocode3 Baolts [EN 1993-1 '8, EDOS}
| Eurocode3 " Eurocode? Fire Design (EN 1993-1-2, 2005)
Assessment Method: Damage Tolerant e T e 1 |8 | Eurocade3 Plate Buckiing (EN 1993-1-5, 2006)
150 f Eurocode3 Connections (EN 1993-1-8, 2005)
& oo noan Il
Eurocode3 Fatigue (EMN1%93-1-9, 2003) — *
ID 2 | Title Eurocode3 Fatigue (EN1993-1-9, 2005) |
Alias ‘Standard2 |
Description | |V|
Option Selection
PAT Clos L &l [ ] [ [ (S [@] [
e o A0
Safety Factor | Low High Size Effect El (][]
consequence consequence R 2}
Damage 1 .0 1 ) 1 5 Assessment Method Damage Tolerant
tOle I’ant Safety Factor (Gamma_Mf) 1
Safe life 1.15 1.35 Materials with Yield = 0
[] Use Hot Spot Stress Elements
PN+ OK Cancel
31 ‘ | | | https://sdcverifier.com
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Eurocode3 FAT Class §DC

RIFIER
Edit Classification — O * Eurocode3 Fatigue (EM1993-1-9, 2005) — >
Press =1 to define FAT Class D [ Title |FAT Class | D 2| Title |Eurocode3 Fatigue (EN1993-1-9, 2005) |
Alias | AT | Alias | Standard2 |
Description D=apim | |V|
Full Model: 160; . T .
Element(s) Classification = —
Press Apply e PAT Class [u] [vu]
| ¥ | Reduced Range Defined + All Entities |:| I:l
Direction “‘ Apply
o Size Effect __Deﬁned
Press |*|/ to add condition Selection —— . . [
Full Model 1&1 - S Onsequence at ralure
All Entities 100 (XY, ¥Z, %) 3 Assessment Method
ALL .. All welds 100 (X) __ . e [ ]
Press to add All Entities; e mm 0 X Somm—— —
. o o e ! aterials with Yield = oy
Activate Multiple Condition All welds intersections 8000 ] Use Hot Spot Stess R

[ o [ e
XY/YZ/ZX: 100 (No weld); ﬂ L

Press OK Classification Condition — O *
FAT Stress

Title | | () One Condition (® Multiple Condition

For all welds: X: 100; Y/XY: 80 Q s O [ |
o ection LIx 160

(] =) (2] (=] (] [ ][] Ov e

. . + All Entities DD Oz 160
For welds intersections: X: 80 import Welds | || Clea k|| Concel | BEETRT .

G 5 N
Elements [W] zx 100 ¥

The detailed description of steps e | O [
can be found on slides 15 and 16. ok |[ el |

[ B[]

0000000

32 https://sdcverifier.com
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FAT Classes Plot

SDCM

_0
_a

33

Press| *'|| => Labels => Direction X, and
then Y to make Plots

Press OK

R1FI
Edit Classification - O X
ID I | Title |FAT Class |
Alias |FAT |
Description | |V|
Element(s) Classification
FAT Stress 160 || appy |
Direction | X v Apply |
Selection Classification
Full Model 160 I:‘
All Entities 100 (XY, ¥Z, Z¥)
All welds 100 (X) I:‘
All welds B0, XY) I:‘
All welds intersections 80X I:‘

Values 4

Labels >|

Selection

Import Welds || Clear

-4
>
Y7

il 4
Equivalent

https://sdcverifier.com
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Reduced Range

SDCM

RIFIER

In non-welded details or stress-relieved welded details the effective stress range may be calculated by adding the
tensile portion of the stress range and 60% of the magnitude of the compressive portion of the stress range:

EN 1993-1-9 : 2005 (E)

A
+
7 0ll'lﬁtl.’ — .
- iy Gmn
+ temsion
— compression

34

Ac = IUmaxl"'Dva Iﬂminl

By default, delta stress is set
to Not Reduced. Press to

specify the selection which
should use reduced stress

Edit Classification - ] X

D 2 | Title |Reduced Range |

Alias | ReducedRange

Description |In non-welded details or stress-relieved welded details the eﬂecﬁ\rel v |

Element(s) Classification

range: Reduced Type | Not Reduced [ apey ]
Direction [x “|[ mppy |
Eurocode3 Fatigue (EN1993-1-8, 2005) - X Selection Classification
Full Model Not Reduced []
D 2| Title |Eurocode3 Fatigue (EN1993-1-9, 2005) | El
Alias 'Standard2 7 []
Description | [v] (2]
Option Selection
s A mEEnn
Reduced Range Defined + All Entities D D
et E] o=
EarremEE e %
Assessment Method =
Sfety Factor (Gamma M 1|
Materials with Yield = 0 I:| Elements I = [ ok || comcar |
| ok || cancel |

https://sdcverifier.com



https://sdcverifier.com/?utm_source=pdf&utm_medium=tutorial&utm_campaign=get-started

Size Effect

SDC

R1FI

For some details from tables 8.1 to 8.10, depending on the wall thickness, a Size Effect (ks)

should be applied. By default size effect is not applied. Press E to specify the selection
which should use size effect:

7.2.2 Size effect

(1)  The size effect due to thickness or other dimensional effects should be taken into account as given in
Table 8.1 to Table 8.10. The fatigue strength then is given by:

AGC,red = ksAGC

_0 Press OK

A 2..Eurocode3 Fatigue (EN1993-1-9, 2005)
b E Input
4[] Checks (3)
1..Nominal Check
[I] 2. Fatigue Check
I 3..Fatigue Stress Overshoots

The Standard has been created.

35

(7.1)
. b Eurocode3 Fatigue (EMN1993-1-9, 2005) — X
D 2| Title |Eurocode3 Fatigue (EN1993-1-9, 2005) |
el
Alias ‘Standard2 |
~
Description | |V|
QOption Selection
FAT Class peined |[&]  [u] ] [BMET[E] [E] [va]

Reduced Range Defined . )Blmtes I:‘ I:‘
Size Effect Defined ./ ][]

Consequence of Failure

E
=h
=
m
o

Assessment Method Damage Tolerant  ~

ﬂli

Safety Factor (Gamma_Mf)

Q

Matenals with Yield = 0 J-p

] Use Hot Spot Stress Elements 39707

Add Element Characteristic - O X
D |1 | Title |S\'ze Effect |
Alias |IncludeSizeEffect |
Description |Chapher 7.2.2, The size effect should be taken into account as given in Table 8.1 to 8.10 | v |

Elemental Selections

YesNoEnum Yes “ || AppyToselected || ToAm |
Selection Value
Al No ]
(=]
[]
]
[
(2]
(2]
[]
[]
] =

n ok || cancel

https://sdcverifier.com
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Fatigue Damage Plot §DC M

RIFIER

Fatigue Check Criteria Plot - X

Execute EB|Criteria Plot in 2..Fatigue

Check context menu e 1 | Te] |

Default Title |Overall Summed Damage (FG1, All Entities, v1, Total) |

Description | | v |

Parameter: Summed Damage

Options Selection

Check 2. Fatigue Check - [

Fatigue Group 1.Detailed load cycles pattern | + All Entities D |:|
Dl reCtlon: Overall Show Result for 1..Detailed load cycles pattern v I:‘ Iz‘

— )
b

Point of interest: Total; Direction
Type: AbsMax Paint of Interest

Wiew

*'| Type |AbsMax -

e

|/_| OK || Cancel |

Press OK o ; Bl Preview
# Edit #  Preview with Current View

=l Rename

Press and then Preview

4 Y 2. Eurocode3 Fatigue (EN1993-1-9, 2005) Copy
I E Input Remove
4 [V] Checks (3) Copy To Stendard...
1..Mominal Check A M
- love
2. Fatigue Check s
m 3.Fatigue Stress Overshoots
[+ Post_Pmcmim % Table {(expand/extreme)
[ Optimizations (0) g Components Extreme Table (over selections)
[l Reports (0) B Flow Table (over |
CRC=T | —
ﬁ Contour Plot
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Comparison of Criteria Plots

F.E.M. 1.001 Utilization Factor

SDC W

VERIFIER

Eurocode 3 Utilization Factor at 2 million cycles
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Create Reports in Report Designer

38
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To learn how to obtain reports, please check a separate Tutorial that depicts the functionality of
SDC Verifier Report Designer. It may be uploaded via this link:

https://sdcverifier.com/tutorials/report-designer/
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