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Introduction
Since 2012, a new European crane standard has been 
in use under the name EN 13001 - Cranes General 
Design - and consists of 3 parts. This EN 13001 
standard covers a number of topics and includes  
the verification of the structural strength and fatigue 
for cranes.

This standard is directly linked to the EU Machinery 
Directive and is intended as an alternative to the 
existing national crane and industry standards such 
as DIN 15018 and FEM 1.001. Since EN 13001 has a 
legal status, crane manufacturers supplying to the 
EU and end users in the EU can apply this standard 
for all new cranes.

The approach of the standard to structural 
calculations of the steel frame of a crane and 
to fatigue, in particular, is quite different from 
the existing crane standards. It is worthwhile to 
compare these standards and to evaluate the 
relative impact on a crane design, e.g.: does the 
application of EN 13001 lead to different design 
choices when compared to FEM 1.001 and DIN 15018? 
This PEMA white paper provides a first evaluation 
of this question. Due to the technical character of 
the in-depth comparison between the standard 
types, this PEMA publication is mainly intended for 
crane designers and end users working with crane 
specifications and calculations.

The Port Equipment and Manufacturers Association 
(PEMA) cannot advocate or suggest which solution 
or combination of solutions is the right choice for any 
particular facility. This document does not constitute 
professional advice, nor is it an exhaustive summary 
of the information available on the subject matter 
to which it refers. Every effort is made to ensure the 
accuracy of the information, but neither the authors, 
PEMA nor any member company is responsible 
for any loss, damage, costs, or expenses incurred, 

whether or not in negligence, arising from reliance on 
or interpretation of the data. The comments set out in 
this publication are not necessarily the views of PEMA 
or any member company. 

Additional Information Papers, Surveys, and 
Recommendations from PEMA are available at: 
pema.org/publications

Disclaimer
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Background
For decades, crane design in Europe was regulated 
by national crane standards, such as DIN 15018 [5], 
NEN 2019 [6] on the one hand and FEM 1.001 [1] as the 
industry standard on the other hand. In 1989, the first 
version of the Machinery Directive was published, 
now known as the Machinery Directive 2006/42/EC. 
This directive describes essential health and safety 
requirements for all new machinery delivered to 
the European market. In the same year, the Comité 
Européen de Normalisation launched Technical 
Committee 147 with the mission to create safety 
standards for the design and manufacturing of heavy 
equipment, amongst which were cranes [9]. Within 
TC 147, working group WG12 was assigned with the 
development of the EN 13001 series of standards 
to ensure compliance with the Machinery Directive 
and to establish an interface between the user 
(purchaser) and the designer of the crane. 

Within the scope of this paper, the following parts of 
EN 13001 are considered1:

• EN 13001-1:2015. Cranes - General design - Part 1: 
General principles and requirements ([2])

• EN 13001-2:2021. Crane safety – General design  
- Part 2: Load actions ([3])

• EN 13001-3-1+A2: 2018. Cranes – General design 
- Part 3-1: Limit States and proof competence of 
steel structures ([4])

The EN 13001 is a type C standard as stated in the  
EN ISO 121002. When comparing EN 13001 to the 
existing national and industry standards, it becomes 
clear that this ‘new’ standard incorporates a 
different approach to calculating strength and 
fatigue of cranes. 

Since the general approach to fatigue calculation 
is quite similar in all the existing standards, the 
differences with EN 13001 are illustrated by 
comparison with one of these existing standards, 
namely FEM 1.001. In this white paper, a total of 5 
differences between the EN 13001 and the FEM 1.001 
will be discussed, namely:

1.  Appliance groups vs. stress history parameter 
(see Section I)

2.  Alternating stress vs. stress amplitude  
(see Section II)

3.  Limit state vs. allowable stress method  
(see Section III)

4. Notch case definition (see Section IV)

5.  Introduction of the fatigue-specific resistance 
factor γmf (see Section V)

In the following sections, these 5 differences will be 
evaluated in detail, thus giving an insight into the 
methodology of the EN 13001 standard.

1) In some sections of this white paper, parts of the text from these standards are used or cited directly in the text.

2) European safety standards are divided into basic safety standards (type A standards), safety group standards (type B1 and B2 standards) and machine-
specific standards (type C standards). Type C standards describe significant hazards, specific risks and measures for reducing these risks at special 
machines or machine types. If a C standard exists for the machine type in question, it takes priority over a B or A type standard.
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1.0  Appliance groups vs. stress  
history parameter

Although different on the detailed level of 
calculation, the general approach to fatigue 
calculation on cranes was quite similar for all the 
earlier standards as outlined below.

1.  Specification of the amount of hoist cycles 
(answering the question: how often?), resulting  
in a Class of Utilization.

2.  Specification of the load spectrum (answering  
the question: how heavy?), resulting in a 
Spectrum Class.

3.  The combination of the answers to 1 and 2 leads 
to a classification of the crane in an Appliance 
or Component Group. This results in the use of 

a general safety factor (‘group factor’) for the 
strength calculations and a set of maximum 
allowable stresses for fatigue3.

4.  For each Appliance or Component Group, the 
maximum allowable design stresses for fatigue 
are specified, depending on how well the design 
detail of the welded connections handles a 
fatigue load. Three types of unwelded design 
detail and five classes of welded design detail 
determine the allowable design stress for fatigue 
per construction detail.

These four steps in the design process are illustrated 
in Figure 1.

Fig 1: Fatigue calculation according to FEM 1.001
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Utilization  
(B0-B10)

Spectrum Class 
(P1-P4)

Selection of 
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K0
K1
K2

Limit Design  
Stress

K3
K4

3) The combination of the Class of Utilization and the Spectrum Class in fact forms a very basic way of describing fatigue damage in the steel structure:  
a low Class of Utilization and a high Spectrum Class can lead to the identical Appliance Group as a higher Class of Utilization and a lower Spectrum Class.
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Instead of the classification in Appliance or 
Component Groups in FEM, EN 13001-3-1 introduces 
the stress history parameter sm. The stress history 
parameter describes the fatigue damage in the 
material as a one-parameter presentation of stress 
history during the design life of the crane:

With:

And:

Where:

The relative number of occurrences of 
stress ranges

The total number of occurrences of stress 
ranges during the design life of the crane

The reference number of cycles: 
Nref = 2,0 · 106 load cycles

The stress spectrum factor, depending on m

The stress range i

The maximum stress range

The number of occurrences of stress range i

The slope constant of the log Δσ - log N 
curve of the component under consideration

The stress history parameter sm has specific values 
for different points in a structural component. These 
values are related to crane duty and specifically 
depend on:

1. The number of working cycles

2. The net load spectrum

3. The crane configuration

4.  The effect of the crane motions on stress 
variations (i.e. crane travelling, trolley travelling 
and hoisting)

The stress history is characterised by the same 
value of sm may be assumed to be equivalent in 
respect to the damage in similar materials, details or 
components. Figure 2 shows a comparison between 
the S-classes in EN 13001 and the Component Groups 
in FEM 1.001 via the stress history parameter s.

 

ν = 

Equation 1

Sm = v · km
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Nref

km

Δσi

Δσ ̂
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Equation 2
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Equation 3
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Fig 2: Comparison between the S-Classes in EN 13001 and the Component Groups in FEM 1.001
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Thus, the stress history parameter sm has a similar 
function as crane groups in the former crane 
standards such as the FEM 1.001 or the DIN 15018. 
FEM 1.001 has a total of 8 crane groups where the 
allowable stresses each have a ratio to the next 
crane group of 1.3. DIN 15018 has a total of 6 crane 
groups where the allowable stresses each have a 
ratio to the next crane group of 1.41. 

When calculating fatigue according to EN 13001 
with the simplified S-class method, the different 
S-classes have a ratio of 1.26. However, when 
the calculation is done by calculating damage 
accumulation, the stress history parameter in  
EN 13001-3-1 has a step-less characteristic instead  
of distinct appliance groups with stepwise decreasing 
allowable stresses.
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2.0 Alternating stress vs. stress amplitude
In order to calculate fatigue, FEM 1.001 and the other 
conventional standards describe the alternating 
stress in the material with the ratio κ. This ratio is 
determined by calculating the extreme values of the 
stresses to which the component is subjected under 
Case I (fatigue) loadings:

Where:

The minimum occurring stress

The maximum occurring stress

The limit design stress as presented in Figure 1 is 
based on a 90% probability of survival with a safety 
coefficient of 4/3. Figure 3 (top: FEM 1.001 Table 
T.A.3.6.1.) presents these values. Consequently, 
the allowable stress for a particular member is 
determined using the calculated value for κ for each 
crane member. This is illustrated for A52; tension; 
Group E6 in the bottom part of Figure 3 (FEM 1.001 
Figure A.3.6.1).

EN 13001 deals with calculated stress in a different 
manner. Instead of using a stress alternating 
coefficient such as κ as described in Equation 4,  
EN 13001 states that the maximum allowable stress 
range ΔσSd should not exceed the limit design  
stress ΔσRd:

With:

Where:

Maximum range of the design stress

The extreme values of the design 
stresses, resulting from the calculation

Limit design stress

This means that EN 13001 only uses the stress range 
or amplitude, regardless of whether the stress consists 
of compression or tensile stress. As a result, the 
separate check on strength becomes of even greater 
importance when calculating with the EN 13001 
standard, since the fatigue calculation no longer 
compares the absolute maximum stress with the 
allowable stress - only the stress range is considered.

Equation 4

=κ
σmin

σmax

σmin

σmax

Equation 5

ΔσSd ≤ ΔσRd

Equation 6

ΔσSd=max(σ)-min(σ)

ΔσSd

max(σ)-min(σ)

ΔσRd
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Fig 3: FEM 1.001 Table T.A.3.6.1. (top) and Figure A.3.6.1 (bottom)
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3.0 Limit state vs. allowable stress method
Another difference between EN 13001 and 
conventional standards is that calculations are 
performed according to the Limit State Method. For a 
general description of this method, reference is made 
to ISO 2394 ([7]). In the limit state method, individual 
loads are calculated and where necessary amplified 
by the applicable dynamic factors, safety factors, and 
safety coefficients. This has the benefit that each load 
is accurately amplified by its individual factors. 

The conventional crane standards such as FEM 1.001 
use the Allowable Stress Method, which is a special 
case of the limit state method. In the allowable 
stress method, all partial safety factors are given 
the same value, which combined with the resistance 
coefficient, forms an overall safety factor. This 
is illustrated in FEM 1.001 in Section 2.3.1. where 
all crane loads in the proof of competence4 are 
multiplied by an amplifying coefficient (group factor) 
γc, depending on the appliance or component group:

From Equation 7 it is clear that when a higher group 

factor γc is used, this is also applied to the self- 

weight of the crane “SG”, which is unrealistic because 
the self-weight of the crane does not change when 
a crane is subjected to a higher load. In some cases, 
this method can lead to structures that are too heavy 
or even to less safe situations, where for example, 
were counterweights increased by the same factor 
(see [10]).

It should be noted that the allowable stress method 
is not prohibited by EN 13001, but is considered a 
special case of the Limit State Method: According to 
the EN 13001-1, Section 4.2.7.1, the Allowable Stress 
Method can be used for the proof of competence. 
The corresponding safety factors for this approach 
are given in EN 13001-2, Table 13.

Equation 7

γc ( SG + ψ ⋅ SL  + SH )

4) In this example, the check on strength in loading Case I is shown, where the appliance is working without wind.
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4.0  Introduction of the fatigue specific  
resistance factor γmf

Another difference associated with the limit state 
method is the introduction of the specific resistance 
coefficient γmf . After the fatigue stress is calculated 
with all the applicable factors, the resulting stress 
is divided by the specific resistance coefficient γmf. 
The fatigue strength-specific resistance factor (see 
Figure 4) is used to account for the uncertainty 
of fatigue strength values and the possible 
consequences of fatigue damage. This factor is 
specified individually for each detail and is applied 
after the calculation of the fatigue stresses. As seen 
in Figure 4, the values of γmf can be quite significant 
for a crane design, being in the range of:

This means that for construction parts that 
theoretically comply with the fatigue calculation, 
but where the detail is not easily accessible for 
inspection, an additional safety factor of between 
1,10 to 1,25 is applicable, depending on the hazard 
risk for persons and if disassembly is required to gain 
access to the construction detail. As mentioned in 
Section 2, FEM 1.001 uses a safety factor of 4/3 on 
the allowable stress levels.

Equation 8

γmf = 1,0  –  1,25

Fig 4: EN 13001-3-1, Table 9: Fatigue strength specific resistance factor γmf

Accessibility for inspection

Detail accessible without disassembly

Detail accessible by disassembly

Non-accessible detail

Fail -safe 
detail

1,0

1,05

1,05

1,10

1,15 1,25

1,20

1,15

N/Aa

Non fail -safe detail

without hazards 
for persons

with hazards  
for persons

Fail-safe structural details are those, where fatigue cracks do not lead to the global failure of 
the crane or dropping load.

Cranes working in protected areas with no access to persons and considered to be without 
hazards to persons.

Disassembly means that components must be taken apart or dismounted.

A detail is considered to be accessible without disassembly also in cases, where a crack is 
initiated inside of a closed structure but accessible for detection from outside.

a Non-accessible details shall not be considered to be fail-safe.

b If a risk coefficient γn ≥ 1,2 is applied, this column may be applied to any non fail-safe detail.



12Evaluation of the EN 13001 Standard for Calculating Structures of Container Handling Cranes  |  PEMA Paper 2023  

K3 Detail

5.0 Notch case defi nition
FEM 1.001 defi nes a total of 7 notch cases (3 for 
unwelded details: W0, W1, and W2 and 4 for welded 
details: K0, K1, K2, K3, and K4). EN 13001 on the other 
hand specifi es a total of 24 notch cases (NC’s). The 
classifi cation of each of these notch cases is found in 
EN 13001-3-1, Annex D, and Annex H. 

Figure 6, illustrates the 24 NC’s as specifi ed in 
EN 13001 in the top fi gure and the 7 NC’s from the 
FEM standard in the bottom fi gure as a function of 
the stress history parameter (which is related to the 
Component Group). Figure 6 shows that EN 13001 
allows for a much more accurate classifi cation of the 
welding detail than FEM 1.001. The limit design stress 
of a construction detail (notch case) is characterised 

by the value of Δσc, the characteristic fatigue 

strength. Δσc represents the fatigue strength at 2 
x106 load cycles under constant stress range loading 
and with a probability of survival equal to Ps = 97,7% 
(mean value minus two standard deviations obtained 
by normal distribution and single-sided test), as 
illustrated in Figure 5. In this fi gure, m represents the 
slope constant of the fatigue strength curves5. 

The values for the characteristic fatigue strength Δσc
(or Δτc in case of shear stress) and the applicable 
slope constant m are given in [4], Annex D and H. 
The welding quality of the detail is to be selected in 
accordance with EN ISO 5817:2014 [8]. The stresses 
are calculated in accordance with the nominal stress 
concept. A nominal stress is the stress in the base 
material adjacent to a potential crack location. 

This is calculated in accordance with simple elastic 
strength of materials theory, excluding local stress 
concentration effects. Consequently, according to [4] 
Section 6.5.2, the limit design stress is calculated as:

Where:

Limit design stress range

The characteristic fatigue strength

The slope constant of the log Δσ - log N 
curve (see Figure 5)

The fatigue strength specifi c resistance 
factor (see Section V)

The stress history factor (Section I)

The comparison of the allowable stresses in 
welded details raises the question as to which of 
the standards allows for a higher design stress in a 
construction detail6.

Equation 9

ΔσRd  =
√sm

Δσc
γmf  ⋅ m

ΔσRd

Δσc

γmf

sm

m

5) m = 3 or 5, depending on the construction detail.

6) There seems to be a tendency in the market where a general statement is made that when recalculating a crane according to the EN 13001, a higher 
theoretical life time is calculated than with conventional standards. This is not automatically the case: the crane details are calculated more accurately 
which in some cases can lead to increased longevity, but not in all cases.
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As seen in Figure 7, this question does not have a 
straightforward answer. Figure 7 shows the ‘basic’ 
allowable stresses for welded details in Component 
Group E8 according to the FEM 1.001. Please note 
that a safety factor of 4/3 is applied to these stress 
levels. Also illustrated are the allowable stress levels 
for S-class S7 according to EN 13001 (ref. Table 
1) with γmf = 1,25 (ref. EN 13001-3-1, Table E1). The 
orange surface shows the cases where in theory a 
higher design stress is allowed by EN 13001. However, 
the actual level of both curves depends on the 
following parameters:

1.  For FEM 1.001: the level of the curve is based 
on the value of κ (see Section 2.0) and the 
Component Group.

2.  For EN 13001: the level of the curve is based 
on the values of γmf (see Section 4.0) and 
s (see Section 1.0).

This means that the orange surface can be smaller 
or bigger, depending on the fi nal level of both curves.

Fig 5: EN 13001-3-1, Figure 8: log Δσ - log N curve

Fig 6: Allowable stress for all NC’s as a function of the stress history parameter EN and FEM
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Fig 7: Allowable stress in FEM 1.001 (E8) and EN 13001 (S7)
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6.0 Disadvantages of EN 13001
Although the introduction of EN 13001 seems to 
result in advantages on many sides, such as a more 
accurate calculation of strength and fatigue, some 
potential disadvantages are identified when a 
comparison is made with the traditional standards. 
It seems that EN 131001 was not specifically written 
for container cranes. This, as an example, is seen in 
the use of the dynamic factor ϕ1 on the crane mass in 
EN 13001-2, Section 4.2.2.1 (intended use for slender 
crane constructions only) as well as for the listed 
wall thicknesses for welded details of hollow sections 
(EN 13001-3-1, Table H.1). 

1.  When using EN 13001, the correct classification  
of the notch cases for welded structures is 
essential. In the case where a welded structure  
is manufactured with a lower welding quality 
than specified or assumed, the design reserve  
in conventional standards may, in some cases,  
be higher than in EN 13001. 

2.  The same is applicable for the loads: 
Conventional standards may incorporate a 
higher design reserve against unintended loads 
or unintended use of the crane, which as we know 
sometimes occurs in practice. 

3.  EN 13001 does not include any classification for 
mechanisms, such as gearboxes. This means, it 
only applies to the steel structure of the crane7.

7) And consequently, a complete container crane including its mechanisms cannot be specified by the EN 13001 standard alone.
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Summary
The following can be summarised in the comparison 
between the FEM 1.001 as a typical conventional 
standard, and the “new” EN 13001 standard.

Over the last decades, crane design in Europe was 
regulated by national crane standards, such as the 
DIN 15018, NEN 2019 on one hand and the FEM 1.001 
as the industry standard on the other hand.

Since 2012, a new European crane standard namely 
EN 13001 is in use. This standard covers a number of 
topics including the check on the structural strength 
and fatigue of cranes. This standard is directly linked 
to the EU Machinery Directive. 

EN 13001 has a legal status, and crane 
manufacturers supplying to the EU and end users in 
the EU may apply this standard for all new cranes. 

Since the approach to the calculation of the  
steel frame of a crane and to fatigue in particular, 
is quite different from the existing crane standards, 
a comparison with the conventional standards is 
worthwhile. The comparison identifies the impact 
on crane design, addressing the question, does the 
application of EN 13001 standard result in different 
design choices when compared to FEM 1.001 and  
DIN 15018? 

Despite a general perception in the industry that 
when recalculating a crane according to EN 13001, 
a higher theoretical lifetime is calculated than with 
conventional standards, this is not automatically 
the case. The crane details are calculated more 
accurately than with conventional standards, which 
in some cases can lead to increased longevity.
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