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• CAE Simulation & Solutions

– Simulation Services

• Founded 2003

– > 1000 projects

– 16+ people

– FEM / CFD / Software

Motivation = CAE business
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• Ongoing discussion with project partners and supervisors

in R&D projects

– Safety factors

– Loading situation

– Material properties

• Allowables

• Importance of making the right decisions at the beginning

of the project

• Avoid Failures

Infinite life fatigue Finite life fatigue

Fatigue limit Fatigue strength

Endurance limit Endurance strength

Dauerfestigkeit Betriebsfestigkeit

Motivation
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• Safe material

– Use high strength materials (steel)

• Safe production cost

– Welding time

– Tooling time …

• Predict Life time

– Renewal / service time

Motivation
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• DV952 

• EC3

1,16
0,4

Example railway bogie
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DV952 EC3

Safety factor 1,5 Mat. allowables Safety factor to choose

N = 2*10^6 N = 1*10^7

Example railway bogie
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• EC3

– Includes safety concept / Partial safety factors

• Material

• Usage

– Static + Fatigue

EC3 
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• DIN15018 – Kranbaunorm

– Infinite life fatigue

(Finite life fatigue)

(Beanspruchung B6)

DIN15018 - Kranbaunorm
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• EN13001 - cranes

EN13001 - cranes
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• DVS1612

– Combine with EN12663

DVS1612
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• FKM Guideline
– Static assessment

– Fatigue assessment

– static safety factor

– Material safety factor Fatigue assessment

FKM 6th edition
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• FKM Guideline Options

– Material Group

– Plastic notch factor Kp

– Operating Time

– Safety values

FKM 6th edition
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• FKM Guideline

FKM 6th edition
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• FKM - Popular because of „Completeness“

– Base material + Weldings

– Static + Fatigue loading

• Infinite life fatigue

• Finite life Fatigue

– Nominal / Structural / 

• Nenn / Struktur / Kerbspannung

– Steel + Aluminum

• Large material library (based on formulas)

FKM 6th edition

Demanding but 

serves Options

allows

lightweight

design



NAFEMS

• Comparison

– Fillet weld

– R = -1

 

Zulässige Spannungen lt. Norm, Kehlnaht, Wechselbeanspr. 

            

   Quer, angeschweisst       

  LW wurzelseitig 

Nicht  

wurzels. 

Quer  

durchg. Längs Schub Sicherheit 
Überlebenswahr- 
scheinlichkeit 

            

DIN15018 2 Mio 38 64 64 106 51 4/3 90% 

DIN15018  5 Mio 27 45 45 75 36 4/3 90% 

DVS952  (2 Mio) 40 50 40 65 51 inkl Sich.=1.5 50% 

DVS952  (2 Mio) 40 50 40 65 51 Ohne.Sicherh 90% 

DVS952 (5 Mio) 29 37 29 48 42 inkl Sich.=1.5 50% 

Hobbacher 2 Mio 22,5 50 40 45 40 k.A. 95% 

Hobbacher 5 Mio 17 37 29 33 33 k.A. 95% 

FKM 2 Mio 22 47 37 42 34 inkl Sich.=1.5 95% 

FKM 5 Mio 16 34 28 31 29 inkl Sich.=1.5 95% 

EC3 2 Mio 18 40 40 50 40 Ohne Sicherh. 95% 

EC3 5 Mio 13 29,5 29,5 37 29,5 Ohne Sicherh 95% 

EC3 10 Mio 11,5 25,5 25,5 32 25,5 Ohne Sicherh 95% 

(EC3_10^7)/(
DV_2*10^6)  0,3 0,5 0,6 0,5 0,5   

Comparison
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• Choosing right assessment class

• „Heiteres Kerbfall raten“

Weldings
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www.cae-sim-sol.com

HV weld, transition in thickness

P1 – P6

P1, P5, P4, P6

P3

P1 – P6
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www.cae-sim-sol.com

double fillet weld

P1 – P6

P1, P5, P4, P6

P3

P1 – P6

(P1 – P6)
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www.cae-sim-sol.com

HV + double fillet weld +

double fillet weld

P1 – P6

P1, P5, P4, P6

P3

P1 – P6

(P1 – P6)

double fillet weld defintion → worst case
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www.cae-sim-sol.com

Fatigue evaluation – Lebensdauer – 360 Degrees – LIMIT

scale to 5.0 (max)

→ welds overloaded

according to FKM 6th 

under current

load assumptions
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www.cae-sim-sol.com

Fatigue evaluation – Lebensdauer – 180 Degrees – LIMIT

scale to 5.0 (max)

→ welds overloaded

according to FKM 6th 

under current

load assumptions
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www.cae-sim-sol.com

Fatigue evaluation – Lebensdauer – 180 Grad – LIMIT

HV--Naht--20/20

HV--Naht--40/20-06

HV--Naht--50/20-01

HV-Uebergang--Naht--40/25
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www.cae-sim-sol.com

Fatigue evaluation – 180 Grad – LIMIT

Query function
Node + Max.Auslastung

weld set name

between these Loadcases

which Point and FAT-number

Element Id: 181383; Elset(s): HV--Naht--40/20-06_01, HV--Naht--50/20-01_01, _A_20.0__D_-10.0__ESN, 

_T_20.0__ESN_A_20.0__D_-10.0Results for FAT_MAX.AUSLASTUNG:

--

Node 259344: 3.6115 -> Set: HV--Naht--50/20-01_01_

LCs:(LOAD_LC_UEBERLAGERUNG_LEBENSDAUER_0GRAD)<>(LOAD_LC_UEBERLAGERUNG_LEBENSDAUER_180GRAD)

P1__1(FAT90/FAT80/FAT80)__2(FAT90/FAT71/FAT80)__5(FAT90/FAT80/FAT80)

Node 272523: 0.2 -> Set: not_analyzed

Node 269223: 3.9334 -> Set: HV--Naht--40/20-06_01_

Node 259328: 4.7475 -> Set: HV--Naht--50/20-01_01_

LCs:(LOAD_LC_UEBERLAGERUNG_LEBENSDAUER_0GRAD)<->(LOAD_LC_UEBERLAGERUNG_LEBENSDAUER_180GRAD)

P1__1(FAT90/FAT80/FAT80)__2(FAT90/FAT71/FAT80)__5(FAT90/FAT80/FAT80)

Elm 181383
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Summary

• clearify the assessment needs - at the beginning

– Static assessment

– Fatigue assessment

• Loading situation

– According to specific industrial sector

– Often not defined in SME

• Material usage

– Changing material S235 → S355 → S550

– e.g. EC3 and DVS1612 no higher allowables than S355
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• Combination of different regulations often useful

– Choose carefully

– Hint for SME:

– discuss with

regulatory authority

in advance

– Nachweisführung gemäß VDV 152 Ausgabe 2016-10-01

Summary
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• Thank you for your attention

Summary

R8

R8

effective R1

http://cae-sim-sol.com


