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1. Introduction

The selection of materials for welded structures constitutes 
an important task at the design stage. For this reason, relat-
ed activities should be performed very carefully to ensure 
the safe and long-term operation of structures. Applicable 
standards, regulations and studies contain data in various 
forms. Regrettably, solutions most frequently adopted by 
practitioners come from previously prepared tables con-
taining material parameters. The process of selection can 
be optimised to take full advantage of material properties. 
The study indicates available solutions. An important crite-
rion for selecting structural materials is their weldability. 
Mistakes at this stage could lead to the formation of imper-
fections (e.g. cracks) [1]. For this reason, it is necessary to 
thoroughly analyse the above-named issue.

2. Materials used in welded structures

Welded structures are widely used in building engineering, 
mechanical engineering, fabrication of pressure equip-
ment, transport and many other industries. The use of 
welding processes provides welded structures with the 
following properties [2]:
• monolithicity, i.e. geometric continuity with the possibil-

ity of ensuring the full tightness of the structure,
• lightness, i.e. effective weight reduction compared to cast-

ings or forgings while maintaining functional properties 
such as strength, rigidity and resistance to various effects,

• universality, i.e. the possibility of using nearly any met-
allurgical products, castings, forgings and other forms 
of joined materials,

•  “technologicality”, i.e. the linking of a given structure to 
a specific manufacturing process affecting the properties 
of the structure,

• specificity, i.e. in terms of welded structures, the negative 
effect of stresses, strains and displacements triggered by 
welding processes. 

 
Welded structures should pose no threat to their users 
or persons having long or short-term contact with such 
structures [1]. Welded structures, including construction 
products or pressure equipment, must primarily satisfy 
safety criteria. In many countries, including those of the 
European Union, this indicator takes the form of a legal act.

3. Legal requirements for pressure equipment

There are many legal acts which are in force both in Poland 
and other EU countries. These acts are usually national 
acts and community acts applicable in all EU states. In Po-
land, the aforesaid acts are laws and regulations, whereas 
in terms of the European Union – EU regulations and direc-
tives. Launching pressure equipment on the Community 
market necessitates the assessment of compliance with the 
requirements of Directive 2014/68/EU (PED) [11], implement-
ed in the Polish legal area as a regulation of the Minister of 
Development on requirements for pressure equipment and 
pressure units (Journal of Laws from 2016, item 1036) [10, 12].

The preamble to the Pressure Equipment Directive (30) 
states that the fabrication of pressure equipment requires 
the use of safe materials. It has been assumed that struc-
tural materials intended for the construction of pressure 
equipment are included in the standards harmonised with 
the aforesaid act. The list of current harmonised standards 
is available at the website of the European Commission. 
In cases where harmonised standards are not available, 
special documents referred to as European Approvals for 
Materials are developed. These documents are issued by 
a notified body, designated specifically for this type of task. 
Despite its original assumptions, the method is rarely used 
in practice. Significantly more often, parameters of struc-
tural materials are determined by the manufacturer of 
pressure equipment, by developing a one-time material ap-
proval also known as Particular Material Appraisal (PMA).
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Requirements for structural materials must be based on 
the principles of sufficient strength, rigidity and stability. 
Materials used in the fabrication of pressure equipment 
must be suitable for specified operating conditions within 
the specified service life of equipment (unless they are 
intended to be replaced). The final principle also applies to 
welding consumables. As the above-named requirements 
for materials (specified in relevant legal acts) must be ap-
plied by manufacturers, the application of such require-
ments is obligatory for design engineers, technologists 
and personnel responsible for tests and quality control. 
The characteristics of materials used in the fabrication 
of pressure equipment are selected by a design engineer 
or a team of pressure equipment design engineers. The 
parameters of structural materials are determined on 
the basis of previously adopted functional dependences or 
analysis performed using, e.g. the finite element method 
(FEM) or fracture mechanics relationships.

3.1. Technical requirements for materials used  
 in pressure equipment 

Technical requirements for materials intended for pressure 
equipment are specified in the Pressure Equipment Direc-
tive (PED) [11]. The selection of materials for the fabrica-
tion of pressure equipment must be based on the expected 
service life of the equipment and its application. Welding 
consumables are also covered by the same requirements. 
The manufacturer of pressure equipment must confirm 
the use of material characterised by required technical 
specifications. Each material used in the production of 
pressure equipment should be provided with an inspection 
document issued by the manufacturer.

The fabrication of pressure equipment involves the use 
of various welding processes. Pressure equipment manu-
factured using welding processes includes, among other 
things, the following devices/units:
• various types of chemical devices – absorbers, adsorbers, 

cyclones, distillers, filters, mills, reactors and mixers,
• equipment used in heat power engineering – water-tube 

boilers, fire-tube boilers and heat exchangers,
• gas and liquid media transmission networks – oil and 

gas pipelines,
• tanks used in water systems – hydrophores, accumula-

tors and pipelines,
• cooling devices – pumps, heat exchangers and operating 

medium tanks,
• transport equipment – tank cars, cylinders and pressure 

containers. 

3.2. Standards harmonised with the Pressure    
 Equipment Directive

The term of “harmonised standard” refers to a standard 
published by a competent institution and harmonised with-
in the meaning of Article 2 point 1 (c) of Regulation (EU) no. 
1025/2012. In other words, it is a European standard adopt-
ed on the basis of a motion for the application of EU har-
monisation legislation and submitted by the Commission.

Therefore, the term of “European standard” refers to a stand-
ard adopted by a European standardisation organization, e.g. 
CEN (Comité Europeéen de Normalisation), CENELC (Com-
ité Européen de Normalisation Electrotechnique), ETSI (Eu-
ropean Telecommunications Standards Institute) or another 
standards organization which has been granted such a status. 

In many legal requirements of the European Union, har-
monised standards have a special status. For example, the 
preamble (28) to the Pressure Equipment Directive [11] 
states that, in order to facilitate the assessment of compli-
ance with its requirements, it is necessary to provide for 
a presumption of the analogy of pressure equipment or 
units to harmonised standards. Such a presumption should 
primarily apply to the design, fabrication and testing of 
pressure equipment or units.

The application of harmonised standards remains the 
most common practice used by manufacturers of pressure 
equipment and units, intended to be located in the Euro-
pean Union and many other countries, such as Norway, 
Serbia, and Switzerland. The foregoing is predominantly 
related to design teams’ experience, yet it tends to be very 
conservative. The above-presented approach leads to the 
selection of such parts of standards which contain conserv-
ative provisions and requirements, in spite of the fact that 
there are other possibilities, also contained in harmonised 
standards. By applying alternative requirements from the 
stage of designing pressure devices through production 
to final testing, it is possible to provide users with prod-
ucts which are entirely safe and satisfy related legal cri-
teria. This publication presents an example of a standard 
harmonised with the Pressure Equipment Directive [11], 
frequently constituting the basis for works performed by 
manufacturers of unfired pressure vessels.

3.3. Exemplary standard harmonised by the Pressure 
 Equipment Directive 

Pressure vessels constitute an important part of pressure 
equipment and are used in building engineering, chemical, 
energy, machinery, mining and many other industries. In 
addition, the vessels are also used by individual users in 
apartments and houses as components of central heating 
boilers, LPG-powered cars, and running water systems 
and connections, i.e. hydrophores. Table 1 presents parts 
of the PN-EN 13445 standard: Unfired pressure vessels. 
This series of standards is often referred to in other stand-
ards harmonised with the Pressure Equipment Directive. 
Such standards use provisions contained in the directive, 
regarding, among others, materials, construction, fabri-
cation or final tests.

Part Name Contents

1 General
General information concerning terms, 
definitions, parameters, symbols and 
units used throughout the series.

2 Materials

Requirements for materials used in  
the fabrication of pressure equipment, 
including their selection for operation  
at low temperatures.

3 Design
Information concerning the design  
of pressure vessels by formula (DBF), 
analysis (DBA) and experiment (DBE).

4 Fabrication Vessel fabrication conditions.  
Tests during fabrication. 

5 Inspection 
and testing

Inspection and testing of pressure vessels 
for conformity with the requirements  
of regulations and reference standards.

Table 1. Parts of the PN-EN 13445 standard:  
Unfired pressure vessels [5]
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3.4. Requirements specified in the PN-EN 13445 standard

The brittle cracking of materials is a common phenom-
enon taking place, among other things, during plastic 
working or after welding. The brittle cracking of welded 
structures is defined as the destruction (failure) of welded 
structures along the welded joint, without any visible addi-
tional load. The crack propagation rate can reach several 
hundred m/s [4]. The formation of cracks takes place during 
the operation of metallic products, primarily those made 
of ferritic steels. The conditions for brittle cracking are 
the following [2]:
• loss of plastic properties of the material, which becomes 

brittle as a result of its lowered temperature,
• areas in a given structure referred to as stress concen-

trators, resulting from welding imperfections or other 
defects as well as design errors,

• internal stresses present near notches, particularly ten-
sile stresses perpendicular to the area of the imperfec-
tion (gap) forming the notch,

• thickness of elements; thicker elements tend to undergo 
brittle cracking more often.
In the past, brittle cracking has been responsible for 

damage to numerous steel structures including bridges, 
flyovers, pressure vessels, airplanes, ships, etc. The coun-
ter-measures, affecting the design, fabrication and opera-
tion have significantly contributed to increased operational 
safety. Presently, the above-mentioned countermeasures 
are described and their use in practice is obligatory.

Requirements for preventing the brittle cracking of 
various steel grades at low temperatures are provided in 
normative Annex B to the PN-EN 13445-2 standard [6]. The 
Annex distinguishes between pressure equipment whose 
design temperature during normal operation exceeds 50 °C 
and equipment operating at a temperature equal to or lower 
than 50 °C. In terms of pressure equipment operating at 
a design temperature equal to or less than 50 °C, the afore-
said Annex provides three alternative methods for estab-
lishing criteria aimed at preventing brittle cracking. The 
methods also apply to test conditions, including pressure 
tests. In accordance with the requirements, materials can 
be delivered as sheets, strips, pipes, pipe fittings, forgings, 
flanges, connectors and joined elements.

The determination of requirements for materials used in the 
fabrication of pressure equipment entails the use of parame-
ters related to the temperature of metal and impact tests, i.e. 
impact energy and thickness. For standard-related purposes, 
several definitions used in calculations are specified, i.e.:
• Minimum metal temperature TM is the minimum tem-

perature of metal for any of the states presented below:
 – operation under normal conditions and nominal 
parameters,

 – start-up and shut-down procedures,
 – disruption of standard processes, e.g. the discharge 
of fluid with a boiling point below 0 °C under atmos-
pheric pressure,

 – pressure and leakproof tests.
• Temperature correction TS is connected with the deter-

mination of reference temperature TR (see below), depend-
ent on tensile membrane stress at specified temperature 
TM, determined in accordance with Annex C to the PN-EN 
13445-3:2014 standard. The value of correction is con-
tained in Table B.2-12 of the PN-EN 13445-2 standard [6].

• Design reference temperature TR jest is used to identify 
toughness-related requirements; it is the sum of TM and TS.

• Impact test temperature TKV is a temperature at which 
the required value of impact energy should be obtained.

• Impact energy is energy absorbed KV by a material spec-
imen with the V-notch V, in accordance with the PN-EN 
ISO 148-1:2010 standard.

• Reference thickness eB is the thickness of a component 
of an element which should be used to relate reference 
temperature TR of that part to required impact test tem-
perature TKV. In relation to unwelded parts, reference 
thickness eB is equal to the nominal wall thickness. In 
terms of welded elements, the reference thickness is 
specified in Annex B to the PN-EN 13445-2 standard [6].
The selection of material for pressure equipment aimed 

to prevent brittle cracking can be based on three independ-
ent methods, i.e. operating experience, a hybrid method re-
lated to fracture mechanics and operating experience and 
the analysis of fracture mechanics. Based on available in-
put data, each of the above-named methods enables the as-
sessment of the brittle crack resistance of materials used in 
the fabrication of pressure equipment. It is necessary to use 
only one (any) of them. Despite the freedom to choose the 
method, selected solutions tend to be rather conservative.

It is necessary to take into account all combinations of 
minimum metal temperature TM and temperature correc-
tions TS (which are applied). In addition, the lowest possible 
design reference temperature TR must be used to determine 
the temperature of impact energy.

Procedures based on operating experience or operating 
experience and fracture mechanics included in sections 
3.4.1 and 3.4.3 are used to identify the required value of 
impact energy for materials used in pressure equipment 
and aimed at preventing brittle cracking. The procedure 
based solely on fracture mechanics is included in Section 
4 of this study, discussing FITNET procedures [6].

3.4.1 Method based on operating experience 

The method based on operating experience assumes that the 
reference design temperature is equal to the impact test tem-
perature at which the value of impact energy amounts to 27 J: 

The above-named condition, specified in standards har-
monised with the Pressure Equipment Directive (PED), e.g. 
PN-EN 13445-2 [6] and PN-EN 13480-2 [7], also applies to 
the properties of materials after the fabrication process. 
The procedure allows the selection of materials directly 
from the standard harmonised with the PED, assuming 
that the expected strength will be achieved after the man-
ufacturing processes. Table B.2-2 of the PN-EN 13445-2 
standard [6] contains data enabling the identification of 
design reference temperature TR for sheets and strips in 
relation to steel grades and their reference thickness eB 
after welding (AW) or after welding and post-weld heat 
treatment (PWHT). Some data contained in the standard 
are provided in Table 2.

3.4.2. Method based on operating  
  experience – example

The EN 13445-2:2015 standard enables the estimation of 
required fracture test temperature directly on the basis 
of harmonised standards containing data concerning ma-
terials intended for pressure equipment. Assuming that  

Pod uwagę muszę być wzięte wszystkie kombinacje 
minimalnych temperatur metalu TM oraz poprawek tem-
peraturowych TS, które maja zastosowanie. Dodatkowo 
najmniejsza, możliwa obliczeniowa temperatura odniesie-
nia TR musi być użyta do wyznaczenia temperatury próby 
pracy łamania.

Procedury oparte na doświadczeniu eksploatacyjnym 
lub doświadczeniu eksploatacyjnym i mechanice pękania 
ujęte są w sekcjach 3.4.1 i 3.4.3; są stosowane do określe-
nia wymaganej wielkości pracy łamania dla zastosowanego 
materiału na urządzenie ciśnieniowe, warunkującej unik-
nięcie jego pękania kruchego. Procedura oparta wyłącznie 
na mechanice pękania została ujęta w sekcji 4. niniejszej 
pracy, poświęconej procedurom FITNET [6].

3.4.1. Metoda oparta na doświadczeniu eksploatacyjnym
Metoda oparta na doświadczeniu eksploatacyjnym za-

kłada, że obliczeniowa temperatura odniesienia jest równa 
temperaturze próby udarności, w której wartość pracy ła-
mania wynosi 27 J:

 TKV = TR = T27J  (1)

Powyższy warunek został określony w normach zharmo-
nizowanych z PED, np. [6] oraz [7] i dotyczy również wła-
ściwości materiałów po procesie wytwarzania. Procedura 
ta dopuszcza wybór materiału bezpośrednio z normy zhar-
monizowanej z dyrektywą PED, przyjmując, że oczekiwaną 
wytrzymałość osiągnie się po procesach wytwarzania. Ta-
bela B.2-2 normy [6] zawiera dane, które pozwalają określić 
obliczeniową temperaturę odniesienia TR dla blach i taśm 
w zależności od gatunku stali i jej grubości odniesienia eB 
po spawaniu (AW) lub spawaniu i obróbce cieplnej (PWHT). 
Część danych zawartych w normie podano w tabeli 2.

3.4.2. Metoda oparta na doświadczeniu eksploatacyjnym 
– przykład

Norma EN 13445-2:2015 zezwala na oszacowanie wyma-
ganej temperatury próby łamania bazując bezpośrednio na 
normach zharmonizowanych, zawierających dane o mate-
riałach przeznaczonych na urządzenia ciśnieniowe. Przyj-
mując, że TKV = TR = T27J, należy odczytać właściwą wartość 

temperatury odniesienia TR. Poniżej przedstawiono przy-
kładową część tabeli B.2-2 [6].

Uwzględniając dane z tabeli B.2-2, można określić wyma-
ganą temperaturę próby łamania dla stali stopowej niklo-
wej 13MnNi6-3 (1.6217) jako równą TKV = -60 °C. Wartość 
pracy łamania, zgodnie z warunkami podanymi wcześniej, 
musi być równa lub większa niż 27 J. Postulaty te dotyczą 
materiałów o grubości odniesienia do 35 mm po spawaniu 
lub do 70 mm po spawaniu i obróbce cieplnej. Wskazano je 
w tabeli 3 na tle w kolorze szarym.

3.4.3. Metoda oparta na mechanice pękania oraz 
doświadczeniu eksploatacyjnym

Metoda ta obejmuje elastyczniejsze podejście niż metoda 
podana w punkcie 3.4.1. Stosuje się ją do stali węglowych, 
węglowo-manganowych, drobnoziarnistych, stopowych, 
zawierających nikiel do 1,5 % z określoną, minimalną 
granicą plastyczności ≤ 500 MPa, jak również do stali fe-
rytyczno-austenitycznych z określoną, minimalną granicą 
plastyczności ≤ 550 MPa. Metodę tę można zastosować do 
wymienionych materiałów w szerszym zakresie grubości 
i temperatury niż metodę poprzednią, ponieważ tempera-
tura odniesienia TR nie musi być równa temperaturze pró-
by udarności T27J. Dodatkowo dla stali fertycznych o granicy 
plastyczności wynoszącej maksymalnie 355 MPa po ob-
róbce cieplnej doświadczenie eksploatacyjne uwzględnia 
większe grubości materiału.

3.4.4. Metoda oparta na mechanice pękania oraz 
doświadczeniu eksploatacyjnym – przykład

Stal 13MnNi6-3 (1.6217), zgodnie z normą EN 10028-4, ma 
minimalną granicę plastyczności, równą 355 MPa. Zatem 
do określenia temperatury pracy łamania dla materiału z tej 
stali, wg metody opartej na mechanice pękania i doświad-
czenia eksploatacyjnego, dla blachy o nominalnej grubości 
30 mm wykorzystano diagramy zawarte na rys. B.2-3 po 
spawaniu i obróbce cieplnej oraz rys. B.2-4 po spawaniu 
[6]. Na rys. 1. przedstawiono sposób określenia tempera-
tury próby łamania dla materiału 13MnNi6-3 o grubości 
30 mm. Z przebiegu wynika, że temperatura odniesienia 
TR, która dla materiału wynosi -60 °C, wymaga temperatury 
próby łamania TKV równiej -20 °C. Zatem dla materiału pod-
danego obróbcie cieplnej (PWHT) po spawaniu jest o 40 °C 

Tabela 2. Parametry służące do określenia temperatury próby łamania dla wybranych stali [6]

Blachy i taśmy

Nr normy Gatunek Nr
materiału

Maksymalna grubość 
odniesienia eB

Obliczeniowa 
temperatura 

odniesienia TR 
[°C]

Grupa 
materiałowa

AW PWHT

EN 10028-4: 2017

P355NH 1.0565 35 70 -20 1.2

P355NL1 1.0566 35 70 -40 1.2

P355NL2 1.1106 35 70 -50 1.2

Tabela 3. Parametry służące do określenia temperatury próby łamania dla stali niklowych [6]

Blachy i taśmy

Nr normy Gatunek Nr 
materiału

Maksymalna grubość 
odniesienia eB

Obliczeniowa 
temperatura 

odniesienia TR 
[°C]

Grupa 
materiałowa

AW PWHT

EN 10028-4: 2017

11MnNi5-3 1.6212 35 80 -60 9.1

13MnNi6-3 1.6217 35 70 -60 9.1

15NiMn6 1.6228 35 70 -80 9.1
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TKV = TR = T27J, it is necessary to read out the appropriate 
value of reference temperature TR. Presented below is an 
exemplary part of Table B.2-2 [6].

Taking into account the data from Table B.2-2, the re-
quired fracture test temperature for nickel alloy steel 
13MnNi6-3 (1.6217) could be determined as equal to  
TKV = -60 °C. In accordance with the conditions provided 
before, the value of impact energy should be equal to or 
greater than 27 J. These requirements apply to materials 
having a reference thickness of up to 35 mm after welding 
or up to 70 mm after welding and post-weld heat treatment. 
The above-named values are indicated in Table 3 (in grey).

3.4.3. Method based on fracture mechanics and  
  operating experience

This method adopts a more flexible approach than that re-
ferred to in paragraph 3.4.1. The method is used for carbon, 
carbon-manganese, fine-grained, alloy steels and steels 

containing nickel up to 1.5 % having a specified minimum 
yield point of ≤500 MPa as well as for ferritic-austenitic 
steels having a specified minimum yield point of ≤550 MPa. 
The method can be applied to the above-named materials 
within a wider range of thicknesses and temperatures than 
the previous one as reference temperature TR does not have 
to be equal to the impact test temperature T27J. In addition, 
in cases of ferric steels having a maximum yield point of 
355 MPa after heat treatment, operating experience takes 
into account greater material thicknesses.

3.4.4. Method based on fracture mechanics and 
  operating experience – example

In accordance with the EN 10028-4 standard, the mini-
mum yield point of steel 13MnNi6-3 (1.6217) amounts to 
355 MPa. Therefore, the temperature impact energy for 
the steel having a thickness of 30 mm was determined (in 
accordance with the method based on fracture mechanics 

Sheets and strips 

Standard no. Grade Material no.

Maximum reference 
thickness eB

Design 
reference 

temperature TR 
[°C]

Material group
AW PWHT

EN 10028-4: 2017

P355NH 1.0565 35 70 -20 1.2

P355NL1 1.0566 35 70 -40 1.2

P355NL2 1.1106 35 70 -50 1.2

Table 2. Parameters used to determine the temperature of impact energy for selected steel grades [6]

Sheets and strips

Standard no. Grade Material no.
Maximum reference thickness eB Design reference 

temperature TR 
[°C]

Material group
AW PWHT

EN 10028-4: 2017

11MnNi5-3 1.6212 35 80 -60 9.1

13MnNi6-3 1.6217 35 70 -60 9.1

15NiMn6 1.6228 35 70 -80 9.1 

Table 3. Parameters used to determine the temperature of impact energy for nickel steels [6]

Fig. 1. Diagram enabling the determination of impact test 
temperature for materials having a yield point of up to 355 MPa 
after welding and heat treatment (own elaboration based on [6]

Fig. 2. Diagram enabling the determination of impact test 
temperature for materials having a yield point of up to 355 MPa 
after welding (own elaboration based on [6]

Reference thickness: eb

Reference thickness: eb
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and operating experience) using the diagrams present-
ed in Fig. B.2-3 (in relation to the steel after welding and 
heat treatment) and Fig. B2-4 (in relation to the steel after 
welding) [6]. Figure 1 presents the method for determining 
the fracture test temperature for steel 13MnNi6-3 having 
a thickness of 30 mm. The diagram reveals that reference 
temperature TR amounting to -60 °C requires fracture test 
temperature TKV amounting to -20 °C. Therefore, in relation 
to the steel subjected to post-weld heat treatment (PWHT), 
the temperature is 40 °C higher than that determined using 
the method based solely on the harmonised standard (i.e. 
based on operating experience). Figure 2 presents data for 
determining the fracture test temperature without post-
weld heat treatment (AW). In relation to the material having 
reference thickness eB amounting to 30 mm, the fracture 
test temperature amounts to -47 °C, i.e. is 13 °C higher than 
that used in the first method. In the above-presented ex-
ample, the values refer to longitudinal or circumferential 
joints of the pressure vessel shell. In terms of other types 
of joints present in pressure vessels, it is necessary to take 
into account reference thicknesses provided in Table B.4.1 
of the PN-EN 13445-2 standard [6].

4. FITNET procedures

The systematisation of knowledge concerned with assess-
ing the strength of structural elements containing defects 
was initiated at the request of the European Commission in 
2006. The cooperation of scientific and research units from 
the European Union (based on the SINTAP procedures [9]), 
starting from 2003 and 2004, led to the development of 
a document called FITNET Report [8] or (in full) “European 
Fitness-for-service Network”. This document, common-
ly known as “FITNET Procedures”, recommended by the 
European Union, includes guidelines for assessing the 
strength, service life and operational safety of structural 
elements containing defects. Apart from many theoretical 
foundations, the document contains information useful in 
solving practical problems [3]. 

In the most general description, the FITNET proce-
dure [8] can be divided into four main modules, related 
to fracture mechanics, fatigue, creep and corrosion. The 
document contains a significant amount of condensed the-
oretical information, sometimes requiring the extension 
of knowledge by referring to professional publications 
(which is illustrated with numerous practical examples in 
the appendix of “Case Studies”) [8]. The most frequently 
applied elements of FITNET procedures include submod-
ules enabling the following activities [8]:
• determination of mechanical parameters  in the static 

tensile test, based on previously known values of the 
yield point,

• estimation of crack resistance Kmat using data obtained 
in impact strength tests, standard tests used to assess the 
critical value of stress intensity factor KIC (simple statis-
tical analysis for specimens having the same thickness 
and tested under the same ambient conditions) or using 
the MML analysis for experimental data obtained at the 
same or different ambient temperature, using specimens 
having different geometric dimensions,

• assessment of replacement defects (replacement defect) 
for a set of defects in a structural element,

• determination of loads of the first type (primary loads), 
commonly referred to as “primary stresses” and loads 

of the second type, referred to (in the procedures) as 
“secondary stresses”,

• estimation of ultimate loads and theoretical values   of 
stress intensity factor KI, 

• analysis of sensitivity, based on failure assessment dia-
grams (FAD) crack driving force (CDF),

• assessment of fatigue strength and fatigue crack growth 
on the basis of Paris’ law or Forman-Mett’s law,

• assessment of creep strength along with the assessment 
of crack length growth under creep conditions,

• assessment of corrosion resistance.
The FITNET procedures [8] can be used when designing 

new elements (components), during the fabrication of 
these elements (as support in ensuring appropriate qual-
ity), during the operation of structural elements and, in 
the event of failure, to assess and calculate the failure of 
a structural element. The general diagram of the FITNET 
procedures is presented below in Fig. 3 [8].

Fig. 3. General schematic diagram of FITNET procedures (own 
elaboration based on [8])
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5. Summary

The brief presentation of several options enabling the as-
sessment of various structural elements in terms of brittle 
cracking indicates numerous solutions usable at the design 
stage as well as during fabrication and operation. It is es-
sential to properly assess brittle crack resistance in each of 
the above-presented possibilities as well as to estimate the 
temperature in relation to which impact energy amounts 
to 27 J. The aforesaid value results from many years of op-
erating experience concerning pressure equipment. This is 
necessary both in terms of the application of harmonised 
standards and SINTAP/FITNET procedures. Because of the 
limited volume of the article, appropriate formulas and 
auxiliary tables for the SINTAP/FITNET procedures have 
not been provided in this study. The inclusion of fracture 
mechanics when assessing the brittle cracking of pressure 
equipment or construction products is necessary, particu-
larly where one does not want to use conservative material 
data at the design stage and, at the same time, wishes to 
ensure the safety of use in the event of detection or assump-
tion of the presence of a hypothetical crack (which could be 
proven using analysis in accordance with the FAD diagrams). 

This article outlines the basis for the selection of mate-
rials with respect to brittle cracking and provides exam-
ples related to pressure equipment. The second part will 
contain an example (using the fundamentals of fracture 
mechanics) concerning the analysis of a pipeline with im-
perfections. The second part of the article will also dis-
cuss issues related to construction products made of steel.
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