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Comments by the editor:

Taking into account the meaning and usage of auxiliary verbs in the German language, in this translation the fol-
lowing agreements are effective:

shall indicates a mandatory requirement,

shall basically is used in the case of mandatory requirements to which specific exceptions (and only
those!) are permitted. It is a requirement of the KTA that these exceptions - other than
those in the case of shall normally - are specified in the text of the safety standard,

shall normally indicates a requirement to which exceptions are allowed. However, the exceptions used,
shall be substantiated during the licensing procedure,

should indicates a recommendation or an example of good practice,
may indicates an acceptable or permissible method within the scope of this safety standard.



Fundamentals

(1) The safety standards of the Nuclear Safety Standards
Commission (KTA) have the objective to specify safety-related
requirements, compliance of which provides the necessary
precautions in accordance with the state of the art in science
and technology against damage arising from the construction
and operation of the facility (Sec. 7 para. 2 subpara. 3 Atomic
Energy Act - AtG) in order to achieve the fundamental safety
functions specified in the Atomic Energy Act and the Radiolog-
ical Protection Ordinance (StrISchV) and further detailed in the
Safety Criteria for Nuclear Power Plants, in the Incident
Guidelines and in the Safety Requirements for Nuclear Power
Plants.

(2) Criterion 1.1, "Principles of Safety Precautions", of the
Safety Criteria requires, among other things, a comprehensive
quality assurance for fabrication, erection and operation, and
Criterion 2.1, "Quality Assurance", requires, among other
things, the application, preparation and observation of design
rules, material specifications, construction rules, testing and
inspection as well as operating instructions and the documen-
tation of quality assurance.

Further requirements relating to design and condition to be
met by the safety systems are specified in Criterion 4.2, "Re-
sidual Heat Removal in Specified Normal Operation"; Criterion
4.3, "Residual Heat Removal after Loss of Coolant"; Criterion
5.3, "Equipment for the Control and Shutdown of the Nuclear
Reactor"; and Criterion 8.5, "Heat Removal from the Contain-
ment".

Safety Standards KTA 3211.1 to KTA 3211.4 are intended to
specificy detailed measures which shall be taken to meet
these requirements within the scope of their application. For
this purpose, a large number of standards from conventional
engineering, in particular DIN standards, are also used; these
are specified in each particular case.

(3) The scope of application as defined in this Safety Stand-
ard comprises the pressure and activity-retaining systems and
components outside the pressure-retaining boundary (Safety
Standards of the KTA 3201 series) which are specifically sig-
nificant in terms of reactor safety in accordance with the RSK
Guidelines (Section 4.2).

(4) KTA 3211.2 specifies the detailed requirements to be
met by

a) the classification into test groups, load case classes and
level loadings,

b) the design and analysis of components,

c) the calculation procedures and design principles for obtain-
ing and maintaining the required quality of the compo-
nents,

d) the documents for the certificates and demonstrations to
be submitted.

1 Scope

This Safety Standard applies to the manufacture of pressure-
retaining walls of pressure and activity-retaining systems and
components of light water reactors which are not part of the
reactor coolant pressure boundary, are operated up to design
temperatures of 673 K (400 °C) and which are specifically
significant to reactor safety. This is the case, if one of the
following criteria is fulfilled:

a) The plant component is needed to cope with incidents
regarding shutdown, maintenance of long-term subcriticali-
ty and direct residual heat removal.

Requirements to be met by components in systems which
only indirectly serve residual heat removal, i.e. the non-
activity-retaining closed cooling water systems and service
cooling water systems, shall be specified in a plant-specific
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manner, taking into consideration multiple design (e.g. re-
dundancy, diversity).

b) If the plant component fails, great amounts of energy are
released and the consequences of failure are not limited
by structural measures, physical separation or other safety
measures to an extent which is reasonable in terms of nu-
clear safety.

c) The failure of the plant component may lead, either directly
or in a chain of consequential events to be assumed, to an
incident as defined in § 49 of the Radiological Protection
Ordinance.

(2) The following components fall under the scope of this
Safety Standard:

a) pressure vessels,

b) pipes and pipe components,

c) pumps, and

d) valves

including the integral areas of component support structures.

(3) This Safety Standard does not apply to:

a) pipes and valves equal to or smaller than DN 50, but may
apply to the performance of stress and fatigue analyses for
piping and valves with < DN 50,

Note:

Simplified procedures are given in cl. 8.5.1 (5).
Requirements for instrument lines are laid down in KTA 3507.

b) internals of the components (which are not part of the
pressure-retaining wall) and accessories,

c) systems and plant components performing auxiliary func-
tions for the systems dealt with by this safety standard,

d) subsystems whose system pressure is determined exclu-
sively by the static head in the suction area,

e) parts used for the transmission of forces and power in
pumps and valves as well as tests to demonstrate func-
tional capability.

2 General requirements and Definitions
21 Definitions

(1) Functional capability

Functional capability means the capability of the component
beyond the stability and integrity requirements to fulfil the
specified task at the respective event.

Regarding functional capability distinction is made whether it
is to be ensured during or after the event or during and after
the event in which case distinction is also made between ac-
tive and passive functional capability as well as between ac-
tive and passive components.

a) Active functional capability ensures that the specified me-
chanical movements (relative movements between parts)
can be made (consideration of the possibility of closing
clearances, generating or altering frictional forces).

b) Passive functional capability means that distortions and
displacement limits are not exceeded.

c) Active components are components for which mechanical
movements are specified to satisfy safety requirements,
e.g. pumps, valves. All other components are passive
components, e.g. vessels, piping systems.

(2) Integrity
Integrity is the condition of a component or barrier, at which

the safety requirements with regard to strength, resistance to
fracture and leak tightness are met.
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(3) Stability

Stability means the safety against inadmissible changes in
position and location of installation (e.g. overturning, fall, in-
admissible displacement).

2.2

(1) For the components a classification regarding test
groups and materials shall be made in dependence of the
design data and dimensions, taking the specified materials
and stress limits into account. When classifying components,
different test groups may be selected for components within a
system, among certain circumstances also for parts of a com-
ponent.

General requirements

(2) The allowable classification regarding test groups and
materials is to be made in accordance with Table 2-1.

(3) The stress intensity value in test group A1 is Sm. In test
groups A2 and A3 the stress intensity value is S.

(4) For the load cases of the total plant or system the load-
ings on the component shall be indicated in accordance with
Section 3 and be classified into operational load cases A, B,
P, C, D in dependence of the safety-criteria to be satisfied. For
the purpose of dimensioning the effective cross-sections, a
pertinent load case shall be determined from these loadings
which shall be assigned to design loading (Level 0). These
data shall be specified for each component to form the basis
for design and calculation (see Section 4).

Classification Criteria Allocation of Materials
- Ferritic Materials Austenitic Materials
rgﬁt Desian Size limitation Materials in Materials under the | Materials in | Materials 1.4550,
group stressgin- accordance with scope of AD 2000- | accordance 1.4580, 1.4541,
tensit KTA 32111 Merkblatt W 0 with 1.4571 under the
y KTA 3211.1| scope of AD 2000-
Merkblatt W O
A1 Sm — W (1) W I for:
A2 S — Wi -PG1-
Rpo.2rT small items
< 370 N/mm?| - integral Materials wh Permitted |fOr:
for vessels: Wl supports aterials where 5 for all a) PG 1-small items,
s <16 mm (2) Materials |Rpo.2RT = 370 N'mm*| gimensions b) integral supports
for pipes, for s_pecjal for PG 1-small items
pumps, valves: application
<DN 150 1) upon specific
agreement
A3 S _
in addition:
Pmng
< 50 N/mm?
(1) These test groups are based on the same basic safety (see RSK Guidelines) in accordance with the varying hazard potential (stress, di-
mensions), observing the materials used.
(2) Components within a system and subunits within a component may be allocated to different test groups.
1 In the case of pumps: nominal diameter of the largest pressure nozzle
In the case of valves: nominal diameter of the inlet nozzle.

Table 2-1:

(5) With respect to the safety criteria to be satisfied by the
component the stability, structural integrity and functional
capability shall be verified as explained hereinafter.

a) Stability of the component

Stability is mainly proved by a verification of strength of the
support, in which case the connection of the support to the
component and the anchorage (support, component) shall
be taken into account.

Structural integrity of the component

When verifying the structural integrity the generally accepted
verification procedures shall be used and it shall be proved
for the part or component that they are capable of withstand-
ing the loadings occurring during their service life.

When verifying the structural integrity, the stability of the
component and, where required (e.g. in case of flanged
joints) the leak tightness shall also be taken into account.

Functional capability of the component

When verifying the functional capability it shall be proved
for the part or component that the required distortion limits
for the pressure-retaining walls are satisfied with regard to
the loadings occurring during the service life.

Test Groups: Classification criteria and allocation of materials

Note:

This safety standard only considers the requirements for pres-
sure retaining walls for safequarding the functional capability of
the component.

(6) Components shall be designed in accordance with the
rules of Section 5 "Design" according to which component-
specific design rules shall be considered in addition to the
general rules. The use of other designs is subject to specific
verifications.

(7) The loadings applied on the component shall be evaluat-
ed in dependence of the level loadings and be limited in ac-
cordance with Sections 6 to 8.

(8) The service limits given in Section 7 apply to loadings
that were determined on the basis of linear elastic material
laws, unless other stipulations are made in the following Sec-
tions.

(9) Alllevel loadings specified in Sections 6 and 7 were fixed
from the viewpoint of strength calculation and quality assur-
ance such that a comparable safety is obtained for test groups
A1, A2 and AS.



(10) The extent of the required verifications of strength is laid
down in dependence of the test groups. The verifications of
strength for test group A1 shall be performed by way of dimen-
sioning according to Section 6 and as general analysis of the
mechanical behaviour according to Section 7 or as compo-
nent-specific analysis of the mechanical behaviour according
to Section 8. Alternately, the use of equivalent design formu-
lae is permitted (see clause 7.1.1 (6)). For test groups A2 and
A3 dimensioning in accordance with Section 6, or if required
with Section 8, and depending on the individual case, a simpli-
fied analysis according to Section 7 or 8 shall be performed.

(11) The components of test groups A2 and A3 shall be de-
signed and calculated under the same considerations in which
case the calculation shall include a verification that the laws of
equilibrium of external fores are adhered to and a fatigue
evaluation (in test group A3 only for piping systems).

(12) Within the verification of strength the stability of the struc-
ture shall also be proved, if required.

(13) The verifications of strength, stability and functional ca-
pability required according to this safety standard shall be
made by way of calculation or experiments.

(14) Component-specific rules for dimensioning are contained
in Annex A and, depending on the respective case, Section 8.

3 Load case classes as well as design, service and test
loadings and limits of components

3.1 General

(1) Loadings on the systems resulting from the operation of
systems and the events occurring in the total plant shall be
listed according to their physical occurrence and chronological
order to form load cases which then shall be classified into the
load case classes described in 3.2 with respect to their im-
portance for the whole plant and adherence of protective
goals. Corresponding to the load case classes the loadings
resulting from the load cases will be assigned to the level
loadings described in section 3.3 for the individual compo-
nents of a system.

(2) Connected to these level loadings are criteria for decid-
ing whether to further operate the components or on the
measures to be taken in the event of the respective load case
occurring (see Section 3.3).

(3) Where loadings of considerable extent arise due to other
load cases (e.g. transport, assembly and repair cases) they
shall be verified by means of a strength calculation. The al-
lowable service limits shall be determined for each individual
case.

3.2
3.21

(1) Load case means a condition or change in condition of a
system which lead to loadings on the various components.
The design, dimensioning, and analysis of the mechanical
behaviour of the components and parts shall be based on
exact or conservative values.

Load case classes

General

(2) The load cases are assigned to one of the load case
classes described hereinafter with respect to their importance
for the whole plant and adherence to the protective goals.

3.2.2

Design load cases are considered to be load cases which
cover the normal operational load cases (NB) according to
clause 3.2.3 as far as they cause maximum primary stresses
in the components or parts.

Design load cases (AF)
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3.2.3
3.2.31

Normal operational load cases are operating conditions or
changes in operating conditions intended for the plant with the
systems being in a functionally fit condition. They especially
comprise start-up of the system, full-load operation, part-load
operation, and shutdown of the system, examinations of func-
tional capability including the transients occurring during these
load variations.

Specified operation
Normal operational load cases (NB)

3.2.3.2

Anomalous operational load cases refer to deviations from the
normal operating load cases which are caused by functional
disturbance or control error of the component or adjacent
components. There are no objections to continue the opera-
tion after such load cases.

Anomalous operational load cases (AB)

3.2.3.3 Testload cases (PF)

These load cases comprise the first pressure test (component
and system pressure test) as well as periodic pressure and
leakage tests.

3.24
3.2.41

Incidents are deviations from specified operation in the event
of which the operation of the plant cannot be continued for
safety reasons and for which the plant is designed.

Incidents
General

3.24.2

Emergencies are incidents having very little probability of
occurrence.

Emergencies (NF)

3.2.4.3 Accidents (SF)

Accidents are incidents having an extremely little probability of
occurrence, or are postulated load cases.

3.3
3.31

Distinction shall be made between the various loading levels
of the components with regard to a continuation of operation
and the measures to be taken where the fulfilment of the safe-
ty criteria (stability and structural integrity) will be ensured at
each loading level if the loading limits specified in Sections 6
to 8 have been adhered to.

Loadings levels

General

3.3.2
3.3.21

(1) Loadings covered by design load cases (AF) shall be
assigned to Level 0. Level 0 loadings therefore are due to the
effect of design pressure and additional design mechanical
loads so that the maximum primary stresses resulting from the
load cases under Level A according to clause 3.3.3.2, includ-
ing the pertinent stability cases in the components and their
parts are covered. The load case data comprise the design
pressure (see clause 3.3.2.2), the design temperature (see
clause 3.3.2.3) and additional design loads (see clause
3.3.2.4).

Note:

(1) The loading limits of Level 0 are fixed such that the loadings
generate equilibrium with the external mechanical loads in such a
manner that neither deformation nor fast fracture occurs if the re-
quired safety factors are considered.

Design loading (level 0)

General
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(2) In component specifications and design data sheets the term
"maximum allowable working pressure” is used in lieu of "design
pressure" and "allowable operating temperature” in lieu of "design
temperature”.

3.3.2.2 Design pressure

(1) The design pressure to be specified for a component or
part shall be not less than the maximum difference in pressure
between the pressure-loaded surfaces according to Level A
(see clause 3.3.3.2).

(2) For parts where the pressure on the inside is independ-
ent from the pressure on the outside, the largest value of the
values indicated hereinafter shall be taken as the design pres-
sure:

a) maximum difference between internal and atmospheric
pressure,

b) maximum difference between external and atmospheric
pressure to take the stability behaviour into account,

c¢) maximum difference between internal and external pres-
sure to take the stability behaviour into account.

(8) For parts where the pressure on the inside depends on
the pressure on the outside, the design pressure shall be the
maximum pressure difference.

(4) Hydrostatic pressures shall be taken into account if they
exceed 5 % of the design pressure.

(5) It is assumed that safety valves and other safety devices
are designed and set such that the pressure, in the case of
anomalous operation, does not exceed the design pressure
until release of the full discharge area and during discharge
operation by more than 10 %. In this case, however, the Level
B service limits (see clause 3.3.3.3) shall be satisfied.

(6) Where a part is selected on account of a certain nominal
pressure rating PN, the nominal pressure shall be at least
equal to the design pressure. Further conditions if required,
shall be taken from this safety standard or the respective
standard of the part.

3.3.2.3 Design temperature

The design temperature is used to determine the design
strength values and shall not be less than the highest temper-
ature according to Level A (see clause 3.3.3.2) to be expected
in the wall at the point under consideration.

3.3.24 Additional design mechanical loads

Additional design mechanical loads shall be selected to be at
least so high that, when combined with the design pressure,
they cover the simultaneously acting unfavourable primary
stresses of Level A service limits.
Note:
In individual cases the loadings under Levels B, C and D may
govern the design. These loadings shall be verified taking the re-
spective allowable primary loading into account.

3.3.3
3.3.31

Service levels
General

The loadings for the various service limits shall be determined
and limited within the analysis of the mechanical behaviour in
which case the respective actual loadings and temperatures
may be used.

3.3.3.2 Level A

(1) The loadings resulting from normal operational load
cases (NB) are assigned to Level A.

(2) It shall be verified in accordance with clause 7.7.3 that the
stress intensities and equivalent stress ranges are permitted.
Note:
The loading limits of Level A are fixed such that if the required

safety factors are considered, neither deformation nor fast fracture
and no progressive deformation nor fatigue occur.

3.3.3.3 Level B

(1) If the loadings are not classified under Level A, the load-
ings from anomalous operational load cases (AB) shall be
assigned to Level B.

(2) For load cases assigned to Level B it shall be verified in
accordance with clause 7.7.3 that the stress intensities and
equivalent stress ranges are permitted.

(3) Primary stresses need only be verified if the Level O
design loadings or Level A loadings are exceeded.
Note:
The loading limits of Level B are fixed such that if the required
safety factors are considered, neither deformation nor fast fracture
and no progressive deformation nor fatigue occur.

3.3.34 LevelC

(1) If the loadings are not classified under Level B, the load-
ings from emergencies (NF) shall be assigned to Level C.

(2) Only primary stresses shall be considered within the
stress analysis for the load cases assigned to Level C service
limits. If the total number of stress cycles of all specified
events of Level C for the respective components exceeds 25,
the stress cycles exceeding the number of 25 shall be taken
into account in the fatigue analysis for the respective compo-
nent.

Note:

These sets of Level C service limits permit large deformations in

areas of structural discontinuity and exclude fast fracture. Where

such a case occurs, inspection of the respective component may

become necessary.

(3) 120 % of the allowable external pressure according to
Level O are permitted as external pressure without additional
proof of stability. Where the respective verifications are made
for Level A, this requirement shall apply accordingly.

3.3.3.5 LevelD

(1) If the loadings are not classified under Level B or C, the
loadings from accidents (SF) shall be assigned to Level D.

(2) Only primary stresses shall be considered within the
stress analysis for the load cases assigned to Level D service
limits.
Note:
The limits of this loading level exclude fast fracture. Here, it is ac-
cepted that gross general deformations may occur which may ne-
cessitate repair or replacement of the respective component.

3.3.3.6 Level P

(1) Test Level P applies to loadings from test load cases
(pressure and leakage tests of components)

(2) Only primary stresses shall be considered within the
stress analysis for the load cases assigned to Level P service
limits. If the number of pressure tests does not exceed 10 they
shall not be considered in the fatigue analysis. If the number
of pressure tests exceeds 10, all pressure tests shall be con-
sidered in the fatigue analysis.

(3) The first pressure test of a component not installed in the
system shall be conducted with a test pressure p’ of 1.3 times
the design pressure for rolled and forged steels, with 1.5 times



the design pressure for cast steel and with 2 times the design
pressure for nodular-graphite cast iron.

4 Effects on the components due to mechanical and
thermal loadings and fluid effects
41 General

(1) All relevant effects on the components due to mechanical
and thermal loadings as well as fluid effects shall be taken into
account in the design and calculation.

(2) Mechanical and thermal loadings are the effects on the
component resulting from the load cases as defined in Sec-
tion 3. These effects lead to loadings in the component for
which the component has to be designed.

@)

Fluid effects on the component may

lead to local or large-area wall thinning (corrosion and
erosion),

reduce the fatigue strength,
in connection with stresses, also lead to cracking.

4.2

(1) Mechanical and thermal loadings comprise forces and
moments, imposed deformations and temperature differentials
as far as they cause loadings in the components.

(2) Mechanical and thermal loadings are the following:

a) loadings caused by the fluid, e.g. by its pressure, tempera-
ture, pressure transients, temperature transients, fluid
forces, vibrations,

b) loadings caused by the component itself, e.g. dead weight,
cold-spring, deviations from specified shape, internals,

Mechanical and thermal loadings

c) loadings imposed by adjacent components, caused e.g. by
pipe forces applied due to restraint to thermal expansion,
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d) ambient loadings imposed e.g. by anchor displacement,
vibrations due to earthquake.

4.3  Documentation of component loadings

All data relevant to design and construction shall be taken
from the component-specific documents which, besides the
data required for verification of strength, also contain data on
the type and installation of the component.

4.4  Superposition of loadings and assignment to loading

levels

The superposition of loadings on one component and the
assignment of superpositioned loadings to loading levels shall
be made for each specific plant and be laid down for each
specific component.

Note:

Table 4-1 gives an example of the combination of component
loadings and their classification into loading levels.

4.5

(1) Special measures shall be taken to withstand fluid effects
by selecting suitable materials, dimensioning, design or
stress-reducing fabrication measures (e.g. stress relieving,
cladding or deposition welding, avoidance of narrow gaps).

Fluid effects

(2) Where uncertainty exists regarding the fluid effect on the
structural integrity of the component, this shall be considered
by limiting the allowable cumulative usage factor D (see cl.
7.8.3), by operation-simulating experiments or by suitable
measures to be taken within operational monitoring and in-
service inspections.

Note:

KTA safety standard 3211.4 lays down requirements for opera-

tional monitoring and in-service inspections.

Loadings 1)
Static loadings Transient loadings Vibration and dynamic
loadings
Service Design |Design |Pres- |Tempe- |Dead |Mecha- |Re- Transient loads |Anoma- [Testloa- |Design |Effects |Other
loading pres- [tempe- [sure rature 2) |weight [nical straint |(pressure, tem- |lous loa- |dings (sta-|basis |[from [effects
levels sure rature 2) and loads, to ther- [perature, me- [dings tic and dy- [earth- |the from the
other [reaction |mal ex- [chanical loads), |(static namic) quake |inside [outside
loads |forces [pan- |dynamic loading|and
sion dynamic)
Level O X X X
Level A X X X X X X
Level B X X X X X X
Level P X X X X
X X X X
Level C
X X X X X
X X X X X
Level D X X X X X
X X X X X
1) In each load case the type of loadings imposed shall be checked.
2) To determine the design stress intensity value at the temperature governing the respective loadings.

Table 4-1:

Example for the superposition of component loadings and assignment to service loading levels
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5 Design
5.1 General requirements

511 Principles

(1) The design of the components shall
a) meet the functional requirements,

) not lead to an increase of loadings/stresses,
c) meet the specific requirements of the materials,

) meet fabrication and inspection and testing requirements,
e) be amenable to maintenance.
(2) The aforementioned general requirements are correlated
and shall be harmonized with respect to the compo-
nent-specific requirements. In this respect, the requirements

and examples contained in Sections 5.2 and 5.3 will concre-
tize the basic requirements of Section 5.1.

5.1.2  Design meeting functional requirements and not

leading to an increase of loadings/stresses

Components shall be designed and constructed such as to
meet the specific functional requirements. The following prin-
ciples are based hereupon:

a) favourable conditions for component service loadings
taking the loadings imposed by the system into account
(e.g. actuating, closing, fluid forces, thermal stratification),

b) favourable distribution of stresses, especially in areas of
structural discontinuity (nozzles, wall thickness transitions,
points of support),

c) avoidance of abrupt changes at wall thickness transitions,
especially in the case of components subject to transient
temperature loadings (see clause 5.2.6),

d) avoidance of welds in areas of high local stresses,
e) pipe laying at a specified slope.

5.1.3  Design meeting the specific requirements for materials

(1) The following criteria shall be satisfied regarding the se-
lection of materials and the product form:

a) strength,

ductility,

corrosion resistance,

amenability to repair,

construction (minimization of fabrication defects),

f) capability of being inspected and tested.

(2) The materials specified by KTA 3211.1 shall be used.

For special loadings, such as erosion, corrosion or increased
wear, "materials for special use" may be permitted.

(3) The materials shall be used in a product form suitable for
the loadings occurring (e.g. plates, forgings, castings, seam-
less tubes)

(4) The use of dissimilar materials in one component shall
be limited to the extent required.

5.1.4
5.1.4.1

Design meeting fabrication requirements

Design meeting manufacture and workmanship
requirements

The following principles apply to design meeting manufacture
and workmanship requirements:

a) Product forms and wall thicknesses shall be selected to
ensure favourable conditions for processing and non-de-
structive testing.

b) The number of welds shall be minimized accordingly.
Welds shall be located such as to consider accessibility
during welding (taking heat treatment into account) and
minimization of weld residual stresses.

c) Fixing clamps (temporary attachments) shall be welded on
ferritic walls by double-layer welds. The final run shall not
come into contact with the base metal of the component.

d) The structure shall be so designed that repairs, if any, can
be done as simply as possible.

5.1.4.2 Design meeting testing and inspection requirements

(1) The shaping of the parts as well as the configuration and
location of the welds shall permit the performance of
non-destructive tests with sufficient defect interpretation on
product forms, welds and installed components in accordance
with KTA 3211.1, KTA 3211.3 and KTA 3211.4. The require-
ments for test and inspection depending on the type of the
procedure used shall be taken from KTA 3211.3, Section 11.1
for each individual case.

(2) The following principles apply to design meeting test and
inspection requirements

a) Attachment welds on pressure-retaining walls shall basi-
cally be full-penetration welds so that non-destructive test-
ing of the welded joint is possible. Clause 5.2.2.2 (4) de-
fines the permissibility of fillet welds.

b) The structure shall basically be designed such that all
accessible welded joints on pressure parts can be ma-
chined flush, and attachment welds on pressure retaining
walls having a notch-free contour. The surface finish of
welded joints is specified in KTA 3211.3, Table 5-4.

c) Single-side welds are permitted if they can be subjected to
the non-destructive testing procedures prescribed by KTA
3211.3. The design shall ensure that the conditions of KTA
3211.3 are met.

d) Forgings shall be so designed and constructed that the
non-destructive testing (e.g. radiography, surface crack de-
tection) is basically possible also on the inner surface. On-
ly in areas of low nominal operating stress (equal to or less
than 50 N/mm?2) restrictions are permitted. Design
measures shall be taken to ensure that surface crack-
detection is possible on the outside and where accessible
on the inside of the part.

5.1.5  Design amenable to maintenance

(1) When designing pressure-retaining walls of components
care shall be taken to ensure that they are easily accessible
and in-service inspections can be adequately performed.

(2) The following principles shall be observed:

a) Adequate accessibility for maintenance (especially exami-
nation, visual inspection, repair or replacement) shall be
ensured. The geometries in the areas to be non-destruc-
tively tested shall be simple.

b) Adequate accessibility for repairs, if any, shall be ensured
taking the radiation protection requirements into account.

c) Activity-retaining components shall be so designed that
deposits are avoided as far as possible and decontamina-
tion can be performed.

d) Welds in the controlled area shall be located and designed
in accordance with the Radiation Protection Ordinance so
that setting-up and inspection times for periodic inspec-
tions are as short as possible.

e) For components subject to periodic inspection which are
not accessible for non-destructive testing, the nominal op-
erating stress shall be limited to a value 50 N/mm? or less.



5.2  General requirements for components and their welds
5.21

Besides the requirements laid down hereinafter additional
geometric conditions shall be taken into account when apply-
ing special calculation procedures, if any.

General

5.2.2
5.2.21

Butt weld shall be full-penetration welds. Cruciform joints, weld
crossings and built-up weld deposits shall normally be avoid-
ed. If the thickness of two parts to be joined by butt welding
differs, the thicker part shall be trimmed to a taper extending
at least three times the offset between the abutting surfaces;
the length of the taper, however, shall not exceed 150 mm.
Figure 5.2-1 shows single-sided weld configurations.

Welds
Butt welds

Detail X
prior to turning

Detail Y
prior to drilling

Select suitable machining allowance
- — — final contour

3a 3b
S TTTL__ L machined |

Upon welding and
subsequent machining

Prior to welding

Figure 5.2-1: Examples of single-side butt welds
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5.2.2.2 Attachment welds

(1) Attachment welds on pressure-retaining walls shall basi-
cally be welded with a length not less than 50 mm. Exceptions
to this rule (e.g. pads for piping) are permitted if corresponding
verification is made.

(2) Corner joints and welding-over of butt joints are not per-
mitted. To avoid such welding-over, unwelded areas shall be
left at the junction of brackets and support lugs, excluding
parts with a wall thickness s less than 16 mm.

(3) Double-bevel butt welds and single-bevel butt welds with
backing run according to Figure 5.2-2 are permitted without
restriction. Single-bevel butt joints without backing run are
permitted in the case of restricted accessibility if the welds are
of the full-penetration type and can be subjected to non-de-
structive testing.

—1 In general the following applies to
1 the weld profile and design of transitions
N Welded also for fillet welds of any type:
‘ X ‘ R}, attachment 5 <8
» ]/ A Rs 2 0.551
| N f =058
Pressure-retaining wall
rs = 5mm, but not to exceed Rs /2
s
2 (. Perform Rs and rg with tangential
transition to welded parts or
1 Y (s to other transition radii
@ 2 60° 2 o = 45°
I S,
§1
f—
3 , o > 45°
‘ Z ) s s\&\
w‘ / A "
|
The following applies: f
4 B < 45° ) )
is the respective shorter leg len
. fisth tive shorter leg length
! \ \: AN of the inscribed triangle
» ] Z Detail Z
i Z1
r a < 45°

Figure 5.2-2: Examples of single-bevel and double-bevel
butt welds for attachment welds

(4) Fillet welds shall be welded over the full circumference
and are permitted in the following cases:

a) In test group A2 on the assumption that austenitic or ferritic
materials with Rpo.2 rT < 300 N/mm? are used and predomi-
nantly static loading is applied.

Fluid-wetted fillet welds in test group A2 are only permitted
if, in addition to the above requirements, they are subject-
ed to flush-grinding and undergo an examination of surfac-
es and, in the case of ferritic materials, the hardness val-
ues in the heat-affected zone (HAZ) are clearly (approx.
10%) less than 350 HV 10. This shall be verified during
welding procedure qualification.
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b) In test group A3.

c) Where full-penetration welds lead to a cleary more favour-
able design than it would be the case if fillet welds were
used.

d) As seal welds (see Figure 5.2-3).
e) As attachment welds on austenitic weld claddings.

- ————

Vent hole

Seat ring for gate and check valves r; 20.1h or20.05s,

Sm : minimum wall thickness

Figure 5.2-3: Examples of welds primarily having sealing
function

5.2.23 Nozzle welds

(1) The allowable configurations of welds and welded transi-
tions are shown in Figure 5.2-4.

(2) Welded set-in nozzles shall be back welded where pos-
sible on account of dimensions. Single-side welds are permit-
ted if the root has been dressed. Where in exceptional cases
dressing of the root is not possible it shall be ensured that the
weld can be tested.

5.2.3 Transitions in diameter

(1) Figure 5.2-5 shows examples of allowable configurations
of transitions in diameter.

(2) The scan lengths L or L* and L' according to Figure 5.2-5
shall be provided on both sides of the weld depending on the
test procedure selected, in accordance with KTA 3211.3, Sec-
tion 11. Available radii at the edges or transitions shall be
considered. The scan length shall begin at the run-out of the
transition radius and end at the edge of the weld. In the case
of configuration (2) the cylindrical section for components of
test group A3 between the weld and conical shell (corner
weld) may be omitted if R>3-s, a<30° the weld is back-
welded, and the weld surfaces are flush-ground on the inside
and outside.

Transition radii

“d

~
L
d\é‘

Principally the following
applies to f at:
30°<a < 45°

Principally the following
applies to f at:
45°< o < 60°

Set-through nozzles

Radius may be omitted if
dressing is not possible due
to geometric reasons

For notations see Table 5.2-1

Figure 5.2-4: Designs of welds on nozzles

L L L L
1 i
% P -
L L
Ll Ll
Cylindrical transition
L L L L
» »
oy | L K
L L
o to be fixed in depen-
dence of the design

Tapered transition
L, L" : scan lengths for ultrasonic testing

Figure 5.2-5: Examples of allowable configurations of transi-
tions in diameter



5.2.4 Flanges and gaskets

(1) Flanges shall only be of the forged or cast type, in the
case of loose-type flanges also rolled without seam.

(2) For flanged connections on nozzles and piping systems
welding-neck flanges to DIN Standards or welding-neck flang-
es with standard sizes shall normally be used. Regarding the
assignment to pressure rating clause A 2.10.3 shall be taken
into account.

(38) For austenitic and ferritic flanged connections which
cannot be constructed as standard flanges, the design of the
flange faces and the bolt pitch circle shall be selected in cor-
respondence with the standard flanged connections. The
thickness of the flange ring and the transition to the attached
piping shall preferably be adapted. For the radius r between
flange ring and the conical or cylindrical hub the following
condition applies:

The radius shall be at least 0.25 - sg, but not be less than 6 mm
(sr = wall thickness of attached piping).

(4) In the case of non-standard flanges the number of bolts
shall be so great that uniform pressure of the bolts and thus
positive sealing is obtained. At least 4 bolts meeting the re-
quirements of clause 5.2.5 shall be provided. The number of
bolts shall normally be dividable by four. The ratio of bolt hole
centre distance to bolt hole diameter shall be equal to or less
than 5.

(5) When selecting the gasket, its capability to withstand the
pressure, temperature, radiation, fluid and external loadings
as well as the compatibility of materials shall be taken into
account. The design of the faces shall consider the specific
features of the gaskets.

5.2.5 Bolts and nuts

(1) Bolts and nuts complying with DIN standards shall be
used as far as the design permits. Necked-down or re-
duced-shank bolts are to be preferred. The effective thread
length shall be adapted to the combination of materials (e.g.
bolts - body). Reduced-shank bolts to DIN 2510-1 to DIN
2510-4 or necked-down bolts shall be used at design tempera-
tures above 300 °C or design pressures above 4 MPa.

(2) Ferritic bolts shall be provided with an adequate surface
protection.

(3) Bolts and nuts for connection with austenitic parts shall
be made, if possible, of the same or similar material as the
parts to be joined. Where materials with different coefficients
of thermal expansion are used, the effect of differential ther-
mal expansion shall be taken into account.

(4) Bolts smaller than M 10 or respective diameter at root of
thread are basically not permitted. In special cases (e.g. in the
case of bolts for valves) smaller bolts may be used, however,
their dimension shall not be less than M 6 or respective di-
ameter at root of thread.

(5) The design of threaded connections shall ensure a main-
ly tensile loading of the bolts.

5.2.6 Nozzles

(1) The geometric conditions (wall thickness ratios, weld
radii, nozzle lengths) are contained in Table 5.2-1. The defini-
tion of the units contained in Table 5.2-1 can be taken from
Figures 5.2-4 and 5.2-6.

(2) For nozzles not less than DN 125 and a nozzle wall
thickness sp not less than 15 mm the main shell shall normally
be reinforced, taking a favourable distribution of stresses into
account. At a diameter ratio g, above 0.8 a stress analysis
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shall be performed additionally unless this area has been
covered by adequate dimensioning procedures. The diameter
ratio gp is defined as the ratio of the mean diameter of branch
piping to the mean diameter of the reinforced area of the run
pipe.

_ dai+Sa

5.2-1
dhi + S 624

<13:1
additional require-
ments see clause
5.2.6 (4)

>15:1

(nominal sizes) and
> 2 : 1 referred to
the calculated wall
thickness of the
connected piping

SA/SH

Wall thickness
ratios
SA/SR

at PB >4 MPa

> 0.5 - sy for set-

Rs | through nozzles and
set-on nozzles

Basic require-

ments > 0.4 - sy for set-

through nozzles
> 0.8 - sp for set-on
nozzles

Welds extending the weld edges shall be
avoided

Configuration of
welds and tran-
sitions

>5 mm, however not

s exceeding 0.25 - sy

o 30° up to 60°

Transitions shall be
smooth and edges
be rounded. The

r radii shall be fixed
(beyond the welds) | depending on the
design and on a
favourable distribu-
tion of stresses.

100 mm for DN < 80

Minimum nozzle lengths | for vessels 150 mm for DN > 80

sp  wall thickness of branch

(nozzle) SR T
sy wall thickness of body ~ T T
sr wall thickness of connected |
to the nozzle piping , ‘ é L
r radius at intersection ‘ 2 |
Rs weld radius ‘
rs transition radius at weld B \4‘/ =l
width across corners S | dA|‘ e

f
o  weld angle
| nozzle length

Table 5.2-1: Requirements for wall thickness ratios, welds and

nozzle transitions

(3) The wall thickness ratio of nozzle to shell shall basically
be selected to be equal to or less than 1.3 (see Table 5.2-1).
This wall thickness ratio may be exceeded in the following
cases:

a) the additional wall thickness of the nozzle is not used to
reinforce the nozzle opening, but is selected for design
reasons (e.g. manhole nozzle),

b) the nozzle is fabricated with reduced reinforcement area
(e.g. nozzles which are conical to improve test conditions
for the connecting pipe),
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c) the ratio of nozzle-to-main shell diameter does not exceed
1:10 and the nozzle diameter does not exceed DN 125,
d) in individual cases up to a wall thickness ratio sa/sy not

exceeding 1.5 if a general analysis of the mechanical be-
haviour as per Section 7 is made.

(4) Where the nozzle diameter is great in relation to the main
shell, the wall thickness ratio shall be reduced. In the case of a
branch with g, exceeding 0.8 the wall thickness ratio sa/sy
shall be < 1.0.

(5) Nozzles shall be made from forged bars (limitation of
diameter depending on analysis), seamless forged tubular
products or seamless pipes. Longitudinally welded nozzles are
permitted if the longitudinal weld is back-welded or the root is
dressed.

(6) For nozzles 2 DN 125 with a nozzle wall thickness sp
exceeding 15 mm the scan lengths laid down in KTA 3211.3
for ultrasonic testing of the nozzle weld shall be provided.

(7) For nozzles = DN 125 made of austenitic steels and for
nozzles = DN 125 made of ferritic steels with a nozzle wall
thickness sy <15 mm the scan lengths laid down in KTA
3211.3 for radiography of nozzle welds shall be provided.

1. Set-through nozzles

| .
~ | NN
< /1.1 ; 12] 1.3‘

2 =’

Manhole no‘zzle
/]

'
s

5 1.5 ‘
welded

Manhole nozzle
% weld-cladded

roll-cladded

—_
\ (=]

Single-side

2. Set-on nozzles

,2.1!%
g

24

NEERN

Instrument nozzlé
single-side welded,
root not yet bored

A

g
~

<4 |

Manhole nozzle

Figure 5.2-6: Examples of nozzle designs

5.2.7 Dished and flat heads

The following types of heads shall preferably be used:

a) flanged flat heads

b) torispherical heads

c) semi-ellipsoidal heads

d) hemispherical heads.

Figure 5.2-7 shows permissible types of welded flat heads
(e.g. end caps). Design types 1 and 2 are permitted for forg-
ings or parts fabricated by a combination of forging and rolling.
Type 2 may also be made of forged bars for diameters not
exceeding DN 150. Plates are permitted for flanged flat covers

only subject to pressure perpendicular to the surface. For
pressure tests blanks made from plate are permitted.

L L L L
L L -
‘ A ‘V A
T » L a
—_—
Q_
b >215-S -
Design 1 Design 2
Wall thickness | Design Condition for R Condition
s in mm in mm forL, L’
s<40 1 R =max.{5; 0.5-s}
s<40 2 [R=max{8 05} | raspis 3
s >40 1and 2 R>03"-s

Figure 5.2-7: Allowable designs of welded flat heads

5.3
5.3.1

The requirements of Sections 5.1 to 5.2 regarding the design
apply primarily to all types of components. In the following,
component-specific design requirements are additionally given
to be met by various structural elements of apparatus and
vessels, pumps, valves, and piping systems.

Component-specific requirements
General

5.3.2
5.3.21

(1) For the design of nozzles on vessels the requirements of
clause 5.2.6 apply.

Pressure vessels
Nozzles

(2) The portion of the nozzle calculated as reinforcement of
opening shall be considered to be part of the pressure-retai-
ning wall of the vessel. The portion belonging to the vessel
may be extended to the first nozzle attachment weld or, in the
case of flanged attachments, to the interface between the
flanges.

5.3.2.2

(1) Inspection openings shall be provided to meet the re-
quirements of the AD 2000-Merkblatt A 5.

(2) Nozzles for inspection openings shall meet the design
requirements of clause 5.2.6. Covers and sealings (e.g. man-
hole) shall be so designed that multiple opening for inspection
and repair purposes is possible without affecting the tightness;
weld lip seals shall be avoided.

Inspection openings

(3) Vessels filled with radioactive fluids shall be provided
with access openings with DN 600, if required by AD 2000-
Merkblatt A5.

5.3.2.3

(1) Figure 5.3-1 shows examples of typical designs of tube-
sheets with hubs for connection to cylindrical sections. These
examples apply to ferritic and austenitic materials.

Tubesheets

(2) The weld joining the cylindrical section and the tubesheet
shall be back-welded, i.e. it shall, basically, never be welded
as final weld. Exceptions to this rule are permitted in the case
of small dimensions where access from the inside is not pos-
sible. Dressing on the inside shall basically be possible during
fabrication.

(3) Where weld surfaces are ground flush both on the inside
and outside, a scan length for ultrasonic testing at the outside
at one side of the weld will suffice

(4) Other designs than those shown in Figure 5.3-1 are
permitted if is has been proved that the stresses are allowable



and the geometric conditions for performing non-destructive
testing are given.

1. Both-side welded tubesheets

- 14 1

LEJ i
Q.

—

L

—

3
Vi
E@

3. Special design

Forging
Channel integral with tubesheet

R+L*

L

;1 |

L, L' : Scan lengths for ultrasonic testing
L . Scan lengths for radiography
s inmm R o
<40 05-s <10°
> 40 03-s <100
1) Minimum values

Figure 5.3-1: Design types of tubesheets (general exam-
ples), design requirements.
5.3.2.4  Expansion joints

(1) Single-or multi-ply bellows expansion joints with longitu-
dinal or circumferential welds on the bellows may be used.
The requirements set forth hereinafter apply to single-ply bel-
lows; multi-ply bellows expansion joints shall be verified in
each individual case.

(2) Expansion joints shall be butt-welded to weld ends or
vessel sections; see design example in Figure 5.3-2; welds
joining dissimilar materials shall be avoided.

(3) To make testing of the attachment weld possible a scan
length L >3 xs (see Figure 5.3-2) shall be provided. For
reasons of stability the total length of the tangent (see Figure
5.3-2) with the wall thickness s shall not exceed the value

l=05-vs-d/2

(see clause 8.2.5.2).

(4) Expansion joints are not suited to withstand considerable
transverse and axial forces as well as bending moments.
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Therefore, the design shall ensure, e.g. by means of guides,
internals and support structures that such loadings are not
applied on expansion joints.

Note:
Clause 8.2.5.4.2.5 contains requirements for consideration of the
weld position in case of high-cycle fatigue loading.

L

S

Figure 5.3-2: Example of connection between expansion
joint and vessel

5.3.3

Pump casings may be of the forged, cast or welded design.
Some typical design types are shown in Section A 3. The
design requirements of Sections 5.1 and 5.2 apply. The follow-
ing shall be considered additionally:

a) The pump casing shall be so designed that the required
functional capability is maintained in the event of pipe forc-
es and moments and as well as loadings from external
events occurring in addition to the operational hydraulic
and thermal loadings. In each case the pump support, the
stability of the support structure and the anchorage in the
building shall be taken into account.

b) The design of the pump casing and the pertinent systems
shall permit adequate accessibility for maintenance, re-
placement of wear parts and repair purposes.

Pump casings

5.3.4

Value bodies may be of the forged, cast or welded design.
Some typical design types are shown in Section A4. The
design requirements of Sections 5.1 and 5.2 apply. The follow-
ing shall be considered additionally:

a) The valve body shall be designed to be so stiff that the
required stability is maintained in the event of pipe forces
and moments as well as loadings from external events oc-
curring in addition to the operational hydraulic loadings. In
each case the supports shall be taken into account.

b) The design of the valve body and the pertinent systems
shall permit adequate accessibility for maintenance, re-
placement of wear parts and repair purposes.

c) The design of the valve body shall especially provide
smooth tapers at cross-sectional transitions.

Valve bodies

5.3.5
5.3.5.1

(1) Pipes, bends and elbows with PN exceeding 40 shall be
seamless.

(2) The ratio R, /d, of elbows shall be not less than 1.5. A
ratio R,,/d, equal to or greater than 2 is desirable.

Piping systems

Pipes, pipe bends and elbows

(3) Bends with straight ends shall be used if this is required
to make the performance of non-destructive tests possible.
Pipe bends without straight ends are permitted:

a) in the case of austenitic and ferritic joints that are subject-
ed to radiography,

b) in the case of equal wall thickness of pipe and pipe bend
>DN300and R>1.5xD,

c) in the case of a weld ground on the inside (ultrasonic test-
ing from one weld side possible).
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(4) Allowable designs of pipe bends are shown in Figure 5.3-3.

1 L (Scan length)
(%]
2a L (Scan length)
s
Al 2y
@
Q.
2b L (Scan length)
S
Al
< I I
Ly
&
AN
Q.
2c L (Scan length)
o
S
=
(]
Al
=

In the case of internal and external tapered
transitions the sum of the angles shall be < 18°.

Figure 5.3-3:

Design of pipe bends

5.3.5.2 Welded attachments to pipe walls for anchors and

intermediate anchors

The following requirements apply to anchors and intermediate
anchors:

a) Design a) and b) of Figure 5.3-4 are permitted for piping
systems up to PN 40. Design c) of Figure 5.3-4 may also be
used for piping systems with nominal pressure = 4 MPa.

b) For piping systems = DN 250 and nominal pressure not
less than 4 MPa as well as operating temperature not less
than 100 °C forged fittings basically shall be used (design
d) of Figure 5.3-4). Upon agreement with the authorised
inspector design c) of Figure 5.3-4 may be used for the
abovementioned range of application

c) It shall be ensured that the attachment weld and the com-
ponent can be tested.

a A circumferential
‘ A weld
S |
| |
| |
b N3 d
4L> Q\% L
T » + 1
L' L'

Design 2
Rs see Figure 5.2-2
KTA 3211.3 Section 11

® ¢ Qs
R |
| |
| |

Permitted if the requirements of cl. 5.2.2.2 are met
Design a, b and ¢: Wall thickness ratio of attachment/pipe < 1.3:1
L, L": scan lengths for ultrasonic testing

=

Figure 5.3-4: Welded attachments of pipe walls for anchors
and intermediate anchors

5.3.6 Component support structures
5.3.6.1

(1) Component support structures may be designed as sup-
porting structures with integral or non-integral areas.

General

(2) The integral area of a supporting structure comprises the
parts rigidly attached to the component (e.g. welded, cast,
machined from the solid) with support function.

The non-integral area of a supporting structure comprises
parts detachably connected or not connected (e.g. bolted,
studded, simply supported) having supporting functions as
well as those parts with supporting functions of a supporting
structure rigidly attached to the component outside the area of
influence (see Section 8.6).

Note:

Non-integral areas of a supporting structure shall be classified as

structural steel components and fall under the scope of KTA

3205.1, and in the case of standard supports fabricated in series

(with approval test) fall under the scope of KTA 3205.3.

(3) For welded integral support structures the same re-
quirements as for the pressure-retaining wall apply. Attach-
ment welds on the pressure-retaining wall shall be full-pene-
tration welded unless they are fillet welds according to clause
5.2.2.2 (4).



5.3.6.2
(1) Allowable design types are shown in Figures 5.3-5 to 5.3-7.

Vessels

(2) In the case of elevated temperature components the
differing thermal expansions of components and support struc-
tures shall be taken into account.

(3) In the case of horizontal loadings (e.g. external events)
lateral supports may be required in the case of vertical vessels
to ensure stability. Depending on the design these supports
may also reduce vertical forces.

Examples:

a) Skirt supports with or without support ring (see Figure 5.3-6),
b) Forged ring in the cylindrical shell (see Figure 5.3-7),

c) Guide pins (see Figure 5.3-7),

d) Brackets (see Figure 5.3-5).

(4) At suitable locations lifting lugs or hooks shall be provid-
ed on the components.

s 1 1Re 2 s 3
£
& & Y &

5 6
Side view
n n
r )
i i
! 7 K
welded over  corners left out,

the full contour  not welded over

For the design types 1 to 4 two webs each per support skirt are
provided. The radius Rg shall be fixed according to Figure 5.2-2.
The radius R shall be selected with regard to a favourable
distribution of stresses. The design types 1, 2, 3 and 4 shall only
be selected for small components or at working pressure not
exceeding 4 MPa.

Figure 5.3-5: Examples of component support structures
with integral attachment of vertical pressure
vessels to bracket supports

~
1 3
Rs
a
(O ¥
s1) <

Hemispherical head

Rs

/e 2
Hemispherical head

»

@
The radii Rg shall be fixed according to Figure 5.2-2.
Figure 5.3-6: Examples of component support structures

with integral attachment of vertical pressure
vessels with skirt supports
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The transitional radii shall be smooth to avoid stresses.

Figure 5.3-7: Examples of component support structures of
vertical vessels with forged rings
5.3.6.3 Pumps

For welded integral component support structures the same
requirements as for pressure parts apply (full-penetration
welds, test requirements). Examples of component support
structures for pumps are given in Figure 5.3-8.

1 1

2 (Machined 2 (Welded-on)
from the solid) ;
\
+—3 —3
4 4

3 (Screwed
i feathery key)

1 Casing

2 Integral component support structure

3 Non-integral component support structure
4 Foundation plate including anchor bolts

Figure 5.3-8: Examples of component support structures for
pumps

5.3.6.4 Valves

For valve supports not less than DN 250, nominal pressures
not less than 4 MPa and operating temperatures not less than
100 °C forged fittings shall be used. In the other cases, forged
and welded attachments are permitted. Examples of welded
joints on valves for component support structures are given in
Figure 5.3-9.
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a % pi_rcumferential
joint

N \ |

| |

e L

b e

T
Wall thickness ratio of attachment/pipe < 1,3:1
Rs see Figure 5.2-2

Figure 5.3-9: Welded attachments on valves for component
support structures

6 Dimensioning
6.1 General

(1) Dimensioning shall be effected on the basis of the design
loading level (Level 0) in accordance with clause 3.3.2.
Note:

Annex B contains requirements for an analytical confirmation in
case of a numerical reassessment of a component.

(2) Dimensioning shall be effected using one of the following
procedures:

a) in accordance with Annex A,

b) verification of primary stresses, where the primary stress
shall be limited using the primary stress intensities laid
down in clause 7.7.3.4,

c) as limit analysis where, for the purpose of calculating the
lower bound collapse load, o = 1.5 - S, at design tem-
perature shall be used as yield stress value, and the speci-
fied loading shall not exceed 67 % of the lower bound col-
lapse load as percl. 7.7.4.1.

In specific cases other suitable methods may be applied if it is
proved by means of analytical and/or experimental analyses
that in due consideration of interacting damage mechanisms,
if any, the limit of stress intensities (safety factors) derivable
from Section 7.7.3.4 are obtained. In this case, input data (e.g.
wall thicknesses) measured or verified in detail may form the
basis.

The components for which pertinent design rules are available
in Annex A shall be dimensioned to these design rules.

(3) In addition, a proof of stability, if required, shall also be
performed (see clause 7.10).

6.2 Welds

(1) Full-penetration welds

As the welds have to meet the requirements of KTA 3211.1
and 3211.3, they need not be considered separately in the
dimensioning of the parts.

(2) Fillet welds

For attachment welds to cl. 5.2.2.2 (4) the reduced load-carry-
ing capacity of fillet welds shall be considered in the dimen-
sioning, e.g. in accordance with KTA 3205.1. In this case, the
allowable stresses shall be taken from the respective part of
Table 7-4 of KTA 3205.1 (serial no. 7 to 9). The design loading
levels shall be assigned accordingly (H = Levels 0 and H;
HZ = Levels B and P; HS1 = Level C and HS2/HS3 = Level D).
The stresses shall be determined to Section E3 of KTA Safety
Standard 3205.1 to consider the limitations to cl. 7.2.2 (3) of
same standard.

6.3 Claddings

(1) When determining the required wall thicknesses and
cross-sections, claddings, if any, shall be considered not to be
contributing to the strength.

(2) The design against internal pressure shall take the inter-
nal diameter of the unclad part into account.

(3) Shape weldings on the base metal which meet the re-
quirements of KTA 3211.3, are not considered claddings.

6.4 Wall thickness allowances

(1)  When determining the nominal wall thickness the fabrica-
tion tolerances shall be considered by a respective allowance
c1 which is equal to the absolute value of the minus tolerance
of the wall thickness in accordance with the acceptance speci-
fication.

(2) An allowance c2 shall take wall thickness reductions due
to chemical or mechanical wear into account. This applies
both to the wall thickness reduction and the extension of the
internal diameter. The allowance c2 may be omitted if no wear
is expected or a cladding is provided.

6.5 Wall thicknesses

(1) Irrespective of the dimensioning method used the follow-
ing conditions shall be satisfied:

The nominal wall thickness s, shall satisfy the following condi-
tion in consideration of the allowances ¢4 And c5:

Sy =8y +Cq+Cy (6.5-1)

where s; is the calculated wall thickness.

This shall be verified by a recalculation with the wall thickness
Son = Sp - C1 - Cy, see Figure 7.1-1.

When determining the wall thickness by means of the nominal
external diameter d,,

dy = dan, (6.5-2)

shall be taken and when determining the wall thickness by
means of the nominal internal diameter d;, shall be taken as
follows:

di=dp+2- 0o (6.5-3)
(2) Pipes with nominal diameter not less than DN 150 and
pressure-retaining components with comparable dimensions
shall be designed for a wall thickness not less than 10 mm
when ferritic materials are used and for a wall thickness not
less than 5 mm when austenitic materials are used. Exemp-
tions herefrom are components subject to low temperatures
(design pressure not exceeding 2.5 MPa and design tempera-
ture not exceeding 100 °C).

This requirement shall not apply with regard to the minimum
wall thickness of expansion joints and heat exchanger tubes.

6.6 Design stress intensities

(1) The design stress intensity values are separately fixed
for test groups A1, A2 and A3 (see Section 2) in Table 6.6-1.

(2) The design stress intensity value for components of test
group A1 is Sm. The design stress intensity value for compo-
nents of test groups A2 and A3 is S.

(3) The S, value and the S value are obtained on the basis
of the temperature T of the respective component and the
ambient temperature RT. For the service levels the tempera-
ture T occurring at the respective location and time shall be
taken. For the design loading level (Level 0), however, the
design temperature shall be taken.



Test group A1 A2/A3
Material Design stress intensity
Sm S
Rmrr /3 Rmrr /4
Ferritic min. RmT /27 min. Rp0.2T /1 6
Rp0.2T 1.5 RpO.ZRT /1.6
Rl 27 Rer 14
mT = Rpo o1 /1.1
Austenit min. {Rpo2RT /15 | min, Rp ' /16
Rpo.2T /1.1 p0.2RT -1)
1 R /1.5
Rpo2r /15" p0.2T
Rmrt /4 Rmrt /4
Ry,t/3.6 Rt /3.6
Austenitic cast| . Ferritic : . Ferritic :
steel 2) min. Rp0.2T /12 min. Rp0.2T /2.5
Austenitic% : Austenitic :1
Rpo.27 /2" Rpo.27/2.5"

The material design strength values indicated shall be taken as
minimum values.
Note:
The design strength values refer to the wall thickness at the final
heat treatment (quenching and tempering, normalising or solu-
tion-annealing).

Footnotes:

1) This criterion only applies to the dimensioning.

For austenitic material with a ratio Rpo,2r1/RmrT < 0.5 Rp1,0T may
be taken in lieu of Rpo 2T as far as guaranteed values are availa-
ble for Rp1.0T.

2) For weld ends made of ferritic cast steel (e.g. on valve bodies)
which are additionally subject to ultrasonic testing, the stress in-
tensities may be 25 % higher.

Table 6.6-1: Formation of design stress intensity values for
pressure parts
6.7  Allowable stresses for dimensioning

(1) The allowable stresses used for the dimensioning of
pressure-retaining walls are determined in dependence of the
test group, service level loading and stress category in Table
6.7-1.

(2) The allowable stresses used for the dimensioning of
pressure-retaining bolts are laid down in Table 6.7-2 for all
test groups in the same manner, but in dependence of the
loading level and the type of loading.

6.8 Nominal operating stress

The nominal operating stress is the general primary mem-
brane stress (P,,ng) due to internal pressure loading during
normal operation (service loading level A) and shall be deter-
mined in pressure-retaining shells of the component according
to the following equations:

a) Cylindrical shell:

d:
PmNB =p- (2 SI +05j
"=0n

(6.8-1)
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b)  Spherical shell:

d.:2

— 1 105
4-(d; +s0n)-Son

Pmng =P - (6.8-2)
Notations in equations (6.8-1) and (6.8-2):
d; = Shellinternal diameter

Son = Nominal shell wall thickness minus the allowances
according to Section 6.5
p = Operating pressure of Level A

To obtain a low stress level in transitional zones and at dis-
continuities the design requirements of Section 5 shall be
taken into account.

st ‘ Loading Test group
ress category levels A 72, A39)
0,A Sm s
A B 1.1-Sy 1.1-8
g
» Pressure
o test P 0.9 Rpoar | 0.9 Rpoor
©
-g Greater
. 2)
g € value of:
>0 Cc 1.5-8
= 1.2- S
£ and Rpg 27
s
I Smaller
o value of:
2] [} D .
2| © 24 - Sy 20-8
(2]
g and 0.7 - Ryy7
7]
Sl T 0,A| 15-S, 15-S
Els g
& g > B 1.65- S, 1.65-S
o I
8 € Pressure
24° < 1.35-R 1.35-R
Q_gr. & _|test =) p0.2T p0.2T
2.5 8o
o B Greater
'E 6o20 value of: 2)
o£ 0@ o C 18-S
E > €% 1.8-S,,and
> c
g 22 1.5 Rpoot
ES -
52 £ Smaller
© £ value of:
S S D 24-8S
§ T 3.6 Sy
O
Re! and Ryt
The material design strength values indicated are minimum values.
1) The conditions of Table 2-1 regarding the limits of nominal operat-
ing stresses shall be taken into account.
2) However, not more than 90 % of the allowable value of Level D.
3) For austenitic materials it shall be ensured that the allowable
stresses for test group A1 are not exceeded.

Table 6.7-1: Allowable stresses for the dimensioning of pres-
sure-retaining walls
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Ser Type of Allowable stress czul
no. Bolt loading ") bolt? [ Bolting-up Loading level
condition 0 A, B P C,D
Average tensile stress due to internal pressure 1
1 |only — — ngo.zT — — —
Fs=Frp *+Fr
Average tensile stress due to internal pressure, |Reduced- _ 1 R 1 R _ 1 R
) required gasket load reaction and external loads |shank bolt 4.5 PO-2T | 57 p0.2T 91 po2T
Fs=Fgrp +Fg +Fpg + Frz + Frum Full shank _ 1 | 'R B TR
bolt 7.8 P0-2T | G Rp0.2T 13 po2T
Reduced- _ _ _ AR _
3 Average tensile stress at test condition shank bolt 1.1 Po-2T
Fsp Full shank _ _ _ IR _
bolt 13 p0.2T
Reduced- | 1
Average tensile stress in the bolting-up condi- sh(-;nl:(ct?olt ﬁRpO.ZRT %) - - - -
4 |tion ™ Full shank .1
F ull shank| 1 _ _ _ _
S0 bolt 13 Rpo.2rT
Average tensile stress due to internal pressure,
external loads, residual gasket load, and differ- 1
5 | ential thermal expansion 9), if any, taking the - - - ﬁRpO.ZT g - -
bolts stress and residual gasket load at the re- )
spective pressure load condition into account
2.8,9
6 |Total stress ® (including peak stresses) - - - D< ? 0 - -

“gkns - Foku"” for metal-to-metal contact type joints).

es and moments in addition to the internal pressure.
3) The design allowance to clause A 2.9.4.3 shall be considered.

verifications (maximum bolt load).

austenitic and ferritic materials for flange and bolts.

temperature influence and additional loads) shall be limited to Rpo.2T.

1) See clause A 2.9.1 for definition of notations used. For Fpg the respective unit shall be used (FpsuyL for floating type joints and

2) This stress limit shall only be observed for flanged joints where the working pressure exceeds 2.5 MPa which are loaded by external forc-

4) The differing application of forces on the bolts depending on torque moment and friction shall be conservatively considered in strength

5) In addition, the equivalent stress shall be limited to Rpo.2rt Where bolt assembly is performed by torque wrench. The calculated torsional
strength may be determined by the polar resistance moment Wy = (n/12)-do3 (with do = reduced-shank diameter).

6) Consideration of differential thermal expansion at a design temperature > 120 °C. This temperature limit does not apply to combinations of
7) Where bending stresses occur, the sum of average tensile stress and bending stress (dependent on internal pressure, bolt pre-tensioning,
8) To be determined by strain analysis [e.g. correlation of gasket seating load, gasket compression load for operating condition and internal

pressure (rigging diagram)]; as regards the fatigue analysis also see sub-clause 7.11.2 (2).
9) The stress amplitude Sa and the cumulative usage factor D shall be limited to satisfy Section 7.8.

Table 6.7-2: Allowable stresses oy for pressure-retaining bolted joints of test groups A1, A2 and A3

7 General analysis of the mechanical behaviour

7.1 General

711 Objectives

(1) It shall be demonstrated by means of the analysis of the

mechanical behaviour that the components are capable of
withstanding all loadings in accordance with the loading levels
in Section 3.3.

(2) The extent of verification depends on the test group.
Section 2, especially paragraphs (10) and (11) contains re-
spective information.

(3) Within the analysis of the mechanical behaviour the
loadings and, if required, the forces and moments as well as
deformations due to loadings of the component to be analysed
shall be determined by satisfying the boundary conditions and
taking into account the mutual influence of adjacent compo-
nents and individual parts in accordance with Section 7.6, if

required by applying Annexes C and D of KTA 3102.2. The
determination may be effected by way of calculation or exper-
iments, or a combination of calculation and experiments.

(4) The loadings and deformations thus determined shall be
examined for acceptability in accordance with Sections 7.7 to
7.12.

(5) Here, it shall be taken into account that the exactness of
the determined forces and moments depends on the ideal
geometric shape of the component or part, the exactness of
assuming loadings, boundary conditions and material proper-
ties as well as the features and performance of the calculation
method selected.

(6) The analysis of the mechanical behaviour may alterna-
tively be made by means of design formulae if, in the case of
sufficiently exact and complete consideration of the loading
conditions and geometric shape the objectives of verification
according to Section 7 are obtained. If applicable, the design
formulae will suffice for dimensioning.



71.2 Welds

(1) As the welds have to meet the requirements of KTA
3211.1 and KTA 3211.3, their influence on the mechanical
behaviour need not be considered separately when determin-
ing the allowable stresses.

(2) Within the fatigue analyses the strength-reducing influ-
ences of welds depending on weld dressing shall be taken into
account as regards the reduction of fatigue strength.

Note:

Stress indices for fatigue strength reduction (K values) are con-
tained in Table 8.5-1.

71.3 Claddings

(1)  When determining the required wall thicknesses and sec-
tions, claddings, if any, shall not be considered to be contrib-
uting to the strength. Deposition welds made on the base metal
with equivalent materials are not considered to be claddings.

(2) For the thermal analysis the cladding may be considered.
If the cladding thickness exceeds more than 10 % of the wall
thickness, the cladding shall be taken into account when ana-
lysing the mechanical behaviour. The stress classification and
evaluation shall be made separately for the base material and
the cladding.

7.1.4  Wall thickness used for analysing the mechanical

behaviour

(1) For the analysis of the mechanical behaviour of a part
the average wall thickness to be effected (or effective average
wall thickness) shall be taken as s. by subtracting the wear
allowance c, according to Section 6.4:

C3 — ¢4

——-cC 7.1-1
> 2 ( )

where s, is defined in equation (6.5-1). c3 is equal to the plus

tolerance. c is equal to the absolute value of the minus toler-

ance in accordance with Section 6.4; see also Figure 7.1-1.

The design wall thickness s, according to equation (7.1-1)
shall be fixed such that it lies in the centre of the tolerance
field minus the wear allowance c,.

Sc=8pt+

So C2 | ©1 C3
B Son
S
- n .Gy +C3
- Sc e 2
_ Widthof
tolerance field

Figure 7.1-1: Wall thicknesses

(2) Where adequate reason is given, e.g. due to an asym-
metrical tolerance field or in the case of forgings, another wall
thickness may be taken as s¢ if it is not less than the required
wall thickness (so + c2).

(3) Where the wall thickness tolerances c1 and c3 each are
not more than 2 % of the nominal wall thickness sn they need
not be considered in the determination of sc.

71.5
7.1.5.1

(1) The limitation of deviations from specified shape and
dimensions for the purpose of fabrication and inspec-
tion/testing is laid down in KTA 3211.3, Section 9. Within the
analysis of the mechanical behaviour deviations from shape

Deviations from specified shape and dimensions

General
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and dimensions with the values indicated in Section 9 of KTA
3211.3 are negligible unless defined otherwise in the following
Sections of this Safety Standard.

(2) All values refer to the unpenetrated membrane area of
shell-type parts.

7.1.5.2
7.1.5.21

(1) Deviations of the effective wall thickness minus the al-
lowance c2 from the design wall thickness s¢ need not be
considered separately in the analysis of the mechanical be-
haviour if they are less than £ 5 % of sc.

Cylindrical parts

Deviations from wall thickness

(2) For piping systems a deviation of the effective wall thick-
ness minus the allowance c2 from the design wall thickness s¢
shall only be considered if this deviation lies outside the toler-
ance field in accordance with a component specification or
comparable documents.

(3) For thin-walled (sc < 5 mm) and multi-layer components
the wall thickness of which shall meet further requirements in
addition to the strength requirements (e.g. heat exchanger
tubes, expansion joint bellows), the values on which the anal-
ysis of the mechanical behaviour are to be based shall be
fixed for each individual case. This also applies to wall thick-
ness tolerances in areas with structural discontinuity (e.g.
penetrated area of a tee).

7.1.5.2.2

(1) Internal pressure

Ovalities and flattenings in longitudinal direction shall not show
a deviation exceeding 1 % from the internal diameter up to and
including an internal diameter dij = 1000 mm. Where the inside
diameter exceeds 1000 mm, the value (di+ 1000)/(2 - di) [%]
shall not be exceeded.

In this case, the ovality shall be determined as follows:
a) Ovality

Ovalities

di,max - di,min

u=2. -100 (% (7.1-2)
di,max + di,min [ ]
b) Flattenings
u=4~§-1oo[%] (7.1-3)

I
where q is shown in Figure 7.1-2.

Figure 7.1-2 : Flattening q

(2) External pressure

The allowable ovalities may be taken from KTA 3211.3, clause
9.3.4.2. Where these values are exceeded, a proof of stability
shall be furnished.

(3) For pipes the following ovalities are permitted:

for internal pressure: 2 %,

for external pressure: 1 %.
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7.1.53
7.1.5.3.1

The requirements of clause 7.1.5.2.1 apply.

Spherical shells

Deviations from wall thickness

7.1.5.3.2

(1) Internal pressure

Ovalities and flattenings normally shall not show a deviation
from the internal diameter which is greater than one of the
following values

(di + 1000)/2 - di) [%] and (d; + 300)/(di) [%].
The allowable values can be taken from Figure 7.1-3.

Ovallities shall be determined in accordance with clause
7.1.5.2.2(1).

(2) External pressure
The criteria of clause 7.1.5.2.2 (2) may be used.

Nl
.\

Ovalities

—_—

U %]

0 500 1000 1500 2000 2500

d; [mm]

—_—

Figure 7.1-3: Ovalities

7154

Conical shells shall be treated like cylindrical parts. Ovalities
shall be referred to circular cross-sections vertical to the axis
of symmetry.

Conical shells

7.1.55

(1) For ovalities in the bent area of the pipe bend after bend-
ing the following applies:

Pipe bends and elbows

U = dmax =dmin 40 %] (7.1-5)
do

where

dmax : Maximum outside diameter after bending or forming

dmin~ : Minimum outside diameter after bending or forming

do : pipe outside diameter prior to bending.

For internal pressure, U normally shall not exceed 5 %.

(2) For external
7.1.5.2.2 (2) apply.

pressure the requirements of clause

7.1.6

The limitation of weld misalignments for the purposes of fabri-
cation and inspection/testing is laid down in KTA 3211.3 Sec-
tion 5.7.1.2. Within the analysis of the mechanical behaviour
weld misalignments with the values indicated in KTA 3211.3
are negligible provided that the required wall thickness in the
weld area is adhered to.

The rules of Section 8.4 are not covered hereby.

Misalignment of welds

7.2

(1) Loadings are assumed to be all effects on the compo-
nent or part which cause stresses in this component or part.

Loadings

(2) The loadings result from load cases in accordance with
Section 3 and are explained in Section 4.

(38) For all static and dynamic loadings of a load case the
unit shear forces and unit moments shall be summed-up vec-
torially. In the cases where this is not possible the dynamic
portions shall be formed for each component by the SRSS
method (square root of sum of squares) and be superposed
the static portions in positive and negative direction.

7.3

(1) These are stresses or strains or a combination of stress-
es and strains and are evaluated as equivalent stress or
equivalent strain. In the case of a linear-elastic relationship
stresses and strains are proportional to each other. In the
stress and fatigue analysis according to Sections 7.7 and 7.8
respectively this proportional ratio even when in excess of the
yield strength or proof stress of the material shall basically be
the basis of analysis (fictitious stresses).

In the case of elastic-plastic analyses to clauses 7.7.4, 7.8.1,
7.8.4 or 7.12 the procedure described in the respective clause
shall be followed.

Stress/strain loadings

(2) The loadings are (primarily) static loadings, cyclic load-
ings or dynamic loadings. Pulsating loads are considered to
be a specific case of cyclic loading.

(8) The (primarily) static loadings shall be limited within the
stress analysis according to Section 7.7. The limitation of
cyclic loadings shall additionally be made within the fatigue
analysis according to Section 7.8.

74

(1) Resulting deformations can be determined by means of
the integrals calculated for strain and are changes in geometry
of the component or the idealized structure due to loadings.

Resulting deformations

(2) Resulting deformations can be described by displace-
ments and values derived therefrom (e.g. twisting). They shall
be limited if required such that the functional capability of the
component and its adjacent components is not impaired.

7.5 Determination, evaluation and limitation of mechanical

forces and moments

(1) The mechanical forces and moments mentioned in
clause 7.1.1 shall be determined by way of calculation accord-
ing to the methods laid down in Annex C of KTA 3201.2 or by
experiments or by a combination of calculation and experi-
ments.

(2) In the case of comparable physical conditions, suitability
of methods and adherence to the pertinent requirements the
results obtained from various methods can be considered to
be equivalent.

(3) Section 8 contains alternative requirements which com-
pletely or in part replace the requirements set forth in this
Section 7.5 within the applicability of Section 8.

(4) The forces and moments thus determined shall be as-
sessed and be limited such that ductile fracture and fatigue
failure as well as inadmissible deformations and instability are
avoided.

7.6
7.6.1

Mechanical system analysis
General

(1) The external loadings (e.g. forces, moments, displace-
ments, temperature distributions) shall be used to determine
the influence coefficients (e.g. unit shear forces, unit mo-
ments, and displacements) for the points under consideration
in the system to be evaluated or at the adjoining edges be-
tween component and adjacent component.



(2) External system-independent loadings which do not
change the behaviour of the system (e.g. radial temperature
distribution and internal pressure, if applied) need only be
considered when determining and evaluating the stresses.

7.6.2
7.6.2.1

The system shall be transformed into an idealised model hav-
ing the properties mentioned in clauses 7.6.2.2 to 7.6.2.5. In
addition, the requirements for the respective calculation meth-
od and its pertinent modelling in accordance with Annex C of
KTA 3201.2 shall be met.

Modelling
General

7.6.2.2

The system geometry shall comprise the components and
parts which considerably influence the structure to be evaluat-
ed. The geometry of a piping system may be shown as a
chain of bars by means of straight and curved bars which
corresponds to the pipe axis routing.

System geometry

7.6.2.3

(1) Piping components
Piping components shall normally be considered in the analy-
sis of the mechanical behaviour of the structure with the flexi-
bilities according to their geometry (average dimensions in-
cluding cladding).

Note:

In the case of symmetrical tolerances these are nominal dimensions.

Flexibilities

(2) Small components

Small components are parts of the piping system (e.g. valves,
header drums, manifolds, branches, and special parts). Where
these components only have little influence on the flexibility of
the total structure, suitable flexibility factors (limit values) (e.g.
valves: rigid; insulation: without influence on the rigidity) shall
be selected.

(3) Expansion joints
The working spring rates of expansion joints shall be taken
into account.

(4) Large components

The influence of large components (e.g. vessels) shall be
taken into account by suitable modelling in consideration of
the anchor function of the vessel.

(5) Component supports and buildings

The influence of component supports and the building shall be
considered.

7.6.24

(1) The masses in the system comprise the masses of each
component or their parts, the fluid, the insulation, and other
additional masses.

Distribution of masses

(2) A system with uniform distribution of masses may also
treated like a system with discrete masses.

(8) The distribution of masses shall satisfy the requirements
regarding the distribution of unit shear forces and unit mo-
ments and the type of vibrations.

(4) Inthe case of essential eccentricity the mass moments of
inertia for the rotational degrees of freedom shall also be tak-
en into account.

7.6.2.5

Forces and moments and displacements shall be taken into
account as edge conditions with respect to their effects for the
considered load case.

Edge conditions
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7.6.2.6  Subdivision of structures (uncoupling) into sections

to avoid interaction of loadings

(1) Static method

Structures may be subdivided into sections if at the interface
between any two sections the respective conditions are satis-
fied:

a) the ratio of second moments of area does not exceed 0.01,

b) the ratio of these elements in a flexibility matrix which
govern the considered deformations is sufficiently small.

(2) Dynamic method

In the case of dynamic loadings, structures may be subdivided
into sections if the interaction between the sections is taken
into account or the vibration behaviour is not inadmissibly
changed.

7.6.3

(1) The calculation methods to be used depend on the se-
lected mathematical approach as well as on the loading to be
evaluated (static or dynamic). When evaluating dynamic load
cases the following methods may be used:

a) equivalent statical load method,
b) response spectrum method,
c) time history method.

(2) The requirements of KTA 2201.4 shall be considered
specifically for earthquake load cases.

Calculation methods

1.7
7.71

(1) By means of a stress analysis along with a classification
of stresses and limitation of stress intensities it shall be
proved, in conjunction with the material properties, that no
inadmissible distortions and especially only limited plastic
deformations occur.

Stress analysis
General

(2) The stress analysis for bolts shall be made in accord-
ance with Section 7.11.2.

7.7.2
7.7.21

(1) Stresses shall be classified in dependence of the cause
of stress and its effect on the mechanical behaviour of the
structure into primary stresses, secondary stresses and peak
stresses and be limited in different ways with regard to their
classification.

Classification of stresses
General

(2) Where in special cases the classification into the afore-
mentioned stress categories is unclear the effect of plastic
deformation on the mechanical behaviour shall be determining
where an excess of the intended loading is assumed.
Note:
The definitions and terms used hereinafter are taken from the the-
ory of plane load-bearing structures (shells, plates, disks, etc.) and
shall be applied accordingly to other load-bearing structures and
components (bars, pipes considered to be bars, beams, bolts, fit-
tings, circular ring subject to twisting, etc.). For the stresses men-
tioned hereinafter distinction is to be made between the various
components of the stress tensor.

7.7.2.2  Primary stresses

(1) Primary stresses P are stresses which satisfy the laws of
equilibrium of external forces and moments (loads).

(2) Regarding the mechanical behaviour of a structure the
basic characteristic of this stress is that in case of (an inad-
missibly high) increment of external loads the distortions upon
full plastification of the section considerably increase without
being self-limiting.



KTA 3211.2 Page 24

(3) Regarding primary stresses distinction shall be made
between membrane stresses (Pm, Pi) and bending stresses
(Pp) with respect to their distribution across the cross-section
governing the load-bearing behaviour. Here, membrane
stresses are defined as the average value of the respective
stress component distributed over the section governing the
load-bearing behaviour, in the case of plane load-bearing
structures the average value of the stress component distrib-
uted across the thickness. Bending stresses are defined as
stresses that can be altered linearly across the considered
section and proportionally to the distance from the neutral
axis, in the case of plane load-bearing structures as the por-
tion of the stresses distributed across the thickness, that can
be altered linearly.

(4) Regarding the distribution of membrane stresses across
the wall distinction is to be made between general primary
membrane stresses (Pm) and local primary membrane stress-
es (P1). While general primary membrane stresses are distrib-
uted such that no redistribution of stresses due to plastification
occurs into adjacent regions, plastification in the case of local
primary membrane stresses at discontinuities will lead to a
redistribution of stresses. Conservatism requires that such a
stress be classified as a local primary membrane stress even
though it has some characteristics of a secondary membrane
stress.

At stressed regions (discontinuities) a primary membrane
stress may be considered a local primary membrane stress, if
the distance over which the membrane stress intensity ex-
ceeds 1.1 times the allowable general membrane stress does
not extend in the meridional direction more than 1~\/ﬂc,
where R is the minimum mid-surface radius of curvature and
S¢ is the minimum thickness in the region considered.

Two adjacent regions of local primary membrane stress inten-
sity involving axysymmetric membrane stress redistributions
that exceed 1.1 - S, shall not be closer in the meridional
direction than 2.5-@0 where R=(R{+R,)/2 and
S¢ =(Sc1 +S¢2)/2 where for the radii R; and the wall thick-
nesses s.; of the two regions 1 and 2 considered the locally
available values are to be used in accordance with the defini-
tion of local primary membrane stress.

Discrete regions of local primary membrane stress intensity
resulting from concentrated loads (e.g. acting on brackets)
shall be spaced so that there is no overlapping of the areas in
which the membrane stress intensity exceeds 1.1 of the al-
lowable general membrane stress.

For components for which the above conditions cannot be
satisfied or which do not satisfy the above conditions, the local
character of membrane stresses may also be verified by
means of a limit analysis as per clause 7.7 .4.

7.7.2.3 Secondary stresses

(1) Secondary stresses (Q) are stresses developed by con-
straints due to geometric discontinuities or by the use of mate-
rials of different elastic moduli under external loads, or by
constraints due differential thermal expansions. Only stresses
that are distributed linearly across the cross-section are con-
sidered to be secondary stresses.

(2) With respect to the mechanical behaviour of the structure
the basic characteristics of secondary stresses are that they
lead to plastic deformation when equalizing different local
distortions in the case of excess of the yield strength. Second-
ary stresses are self-limiting.

(3) Stresses in piping systems developed due to constraints
in the system or generally due to fulflment of kinematic
boundary conditions are defined as Pe. Under unfavourable
conditions regions with major distortions may develop in rela-
tively long systems, and the constraints thus occurring will

then act as external loads. In addition, it shall be demonstrat-
ed for these locations that yielding is limited locally.

7.7.24

(1) Peak stress (F) is that increment of stress which is addi-
tive to the respective primary and secondary stresses. Peak
stresses do not cause any noticeable distortion and are only
important to fatigue in conjunction with primary and secondary
stresses.

Peak stresses

(2) Peak stresses also comprise deviations from nominal
stresses at hole edges not reinforced by tubes within tubehole
fields due to pressure and temperature in which case the
nominal stresses shall be derived from equilibrium of forces
considerations.

7.7.3 Superposition and evaluation of stresses
7.7.31

(1) As shown hereinafter, for each load case the stresses
acting simultaneously in the same direction shall be added
separately or for different stress categories (e.g. primary and
secondary stresses) be added jointly.

General

(2) The classification of stresses with regard to loads on
vessels and piping in dependence of the component and loca-
tion is shown in Tables 7.7-1 to 7.7-3.

(3) From these summed-up stresses the stress intensity for
the primary stresses and the equivalent stress range each for
the sum of primary and secondary stresses or the sum of
primary stresses, secondary stresses and peak stresses shall
be derived.

(4) Inclauses 7.7.3.2 and 7.7.3.3 the determination of stress
intensities and equivalent stress ranges shall be based on the
stress theory of von Mises or alternately on the theory of Tresca.

7.7.3.2

(1) Having chosen a three-dimensional set of coordinates

the algebraic sums of all normal and shear stresses acting

simultaneously and in consideration of the respective axis

direction shall be calculated for

a) the general primary membrane stresses or

b) the local primary membrane stresses or

c) the sum of primary bending stresses and either the general
or local primary membrane stresses.

Stress intensities

(2) From the superpositioned stress components the stress
intensity according to von Mises shall be derived as follows

2 2 2 2 2 2
Gv,v.Mises:\/Gx +oy +07 —(csx~cy +0y- 05 +Gy~62)+3~(‘txy + 1% +Tyz)
(7.7-1)

(3) When deriving the stress intensity in accordance with the
theory of Tresca, the principal stresses shall be determined for
each of the three cases (1) a) to c¢) taking the respective pri-
mary shear stresses into account unless the primary shear
stresses disappear or are negligibly small so that the effective
normal stresses are the principal stresses. In each case the
stress intensity then equals the difference between the maxi-
mum and minimum principal stress.

(7.7-2)

GV, Tresca = Omax ~ Omin

(4) For the three cases (1) a) to ¢) thus the stress intensity is
obtained from P, Pyand P, + P, or P, + Py,.

7.7.3.3

(1) To avoid failure due to

a) progressive distortion (ratcheting)

b) fatigue

the stress ranges pertinent to the stress categories shall be
determined and be limited in accordance with clause 7.7.3.4.

Equivalent stress ranges



(2) Incase (1) a) the required stress tensors shall be formed
taking the simultaneously acting stresses from primary and
secondary stress categories, and in case (1) b) taking the
simultaneously acting stresses from all stress categories.

(3) From the number of service loadings to be considered
two service loadings shall be selected by using one fixed co-
ordinate system so that the stress intensity derived from the
difference of the pertinent stress tensors becomes a maximum
in accordance with the stress theory selected. This maximum
value is the equivalent stress range.

(4) Where, upon application of Tresca’s maximum shear
stress theory, the loading conditions to be considered show no
change in the direction of principal stresses it will suffice to
form the maximum value of the differences of any two princi-
pal stress differences of equal pairs of principal stress direc-
tions. This maximum value then is the equivalent stress range

(according to the stress theory of Tresca).
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7.7.3.4 Limitation of stress intensities and equivalent stress
ranges

(1) The extent of verification for components of test group
A1 shall be taken from Table 7.7-4 insofar as for each stress
category the limits of stress intensities and equivalent stress
ranges are given in this Table.

(2) For components of test groups A2 and A3 Table 6.7-1
applies accordingly. For bolts of test groups A1, A2 and A3
Table 6.7-2 applies.

(8) The limits fixed in Tables 6.7-1 and 7.7-4 only apply to
full rectangular sections, as they are based e.g. on the con-
sidered distribution of stresses in shell structures. For other
sections the shape factors shall be fixed in dependence of the
respective load behaviour.

(4) Where a three-axial tensile stress state is produced, the
sum of primary principal stresses shall be limited, except for
Loading Level D, to

O1+02+0354 - S,

Vessel Part Location Origin of Stress Type of stress Clatsi(s;:ca-
Cylindrical or Shell plate remote | Internal pressure General membrane Pm
spherical shell from discontinuities Gradient through plate thickness Q

Axial thermal gradient | Membrane Q
Bending Q
Junction with head | Internal pressure Membrane 3) P
or flange Bending Qmn
Any shell or head | Any section across | External load or mo- | General membrane averaged across full section. Pm
entire vessel ment, or internal (Stress component perpendicular to cross sec-
pressure 2) tion)
External load or Bending across full section. (Stress component Pm
moment 2) perpendicular to cross section)
Near nozzle or oth- | External load or mo- |Local membrane 3) P
er opening ment, or internal Bending Q
pressure 2)
Peak (fillet or corner) F
Any location Temperature differ- Membrane Q
ence between shell ;
Bendin
and head g Q
Dished head or | Crown Internal pressure Membrane Pm
conical head ;
Bending Py
Knuckle or junction | Internal pressure Membrane P4
to shell Bending Q
Flat head Centre region Internal pressure Membrane Pm
Bending Py
Junction to shell Internal pressure Membrane P
Bending QY
Perforated head | Typical ligamentin |Pressure Membrane Pm
a uniform pattern (averaged through cross section)
Bending Py
(averaged through width of ligament, but gradient
through plate)
Peak F
Isolated or atypical |Pressure Membrane (as above) Q
ligament Bending (as above) F
Peak F

Table 7.7-1: Classification of stress intensity in vessels for some typical cases
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Vessel Part Location Origin of Stress Type of stress Classifica-
tion
Nozzle Cross section per- | Internal pressure or | General membrane, averaged across full cross Pm®
pendicular to nozzle | external load or mo- |section (Stress component perpendicular to sec-
axis ment 2) tion)
External load or Bending across nozzle section Pm®
moment 2)
nozzle wall Internal pressure General membrane P ®)
Local membrane P, 5)
Bending Q5
Peak F
Differential expansion | Membrane Q
Bending Q
Peak F
Cladding Any Differential expansion | Membrane F
Bending F
Any Any Radial temperature Equivalent linear stress 7) Q
distribution 5) Non-linear stress distribution F
Any Any Any Stress concentration by notch effect F

1) If the bending moment at the edge is required to maintain the bending stress in the middle of the head or plate within acceptable limits, the
edge bending is classified as P,,.

2) To include all pipe end forces resulting from dead weight, vibrations and restraint to thermal expansion as well as inertial forces.

3) Outside the area containing the discontinuity the membrane stress in meridional and circumferential direction of the shell shall not exceed
1,1 - Sm and the length of this area in meridional direction shall not exceed 1.0 - {Rs; .

4) Consideration shall be given to the possibility of wrinkling and excessive deformation in thin-walled vessels (large diameter-to-thickness
ratio).

5) The P classification for stresses resulting from external forces and moments shall be used for that nozzle area within the limits for rein-
forcement of openings, as given in Annex A, irrespective of the fact whether the opening is reinforced or not. Outside the limits for rein-
forcement of openings the Pm classification applies to the membrane stress averaged through the cross section (and not through the wall
thickness) resulting from internal pressure and sustained mechanical loads.

6) Consider possibility of failure due to thermal stress ratcheting.

7) The equivalent linear stress is defined as the linear stress distribution which has the same net bending moment as the actual stress distribution.

Table 7.7-1: Classification of stress intensity in vessels for some typical cases (continued)
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Piping component Location Origin of stress Type of stress Classification
Straight pipe or | Location remote Internal pressure Average membrane stress P
tube, reducers, | from discontinuities |'gstained mechanical loads | Bending across section (stress compo- Pp
intersections and incl. dead weight and inertial | nent perpendicular to cross section)
branch connec- forces
tions, except in - — -
crotch regigns Location with dis- Internal pressure Membrane (through wall thickness) P
continuities (wall Bending (through wall thickness) Q
thickness transi- : : :
tions. connection of Sustained mechanical loads | Membrane (through wall thickness) P
different piping :‘rc])cr:l:'edsead weight and inertial | Bending (through wall thickness) Q
components) -
Restraint to thermal expan- | Membrane Pe
sion Bending Pe
Axial thermal gradient Membrane Q
Bending Q
Any Any Peak F
Branch connec- |In crotch region Internal pressure, sustained | Membrane P
tions and tees mechanical loads incl. dead Bending Q
weight and inertial forces as
well as restraint to thermal
expansion
Axial thermal gradient Membrane Q
Bending Q
Any Peak F
Bolts and flanges | Remote from dis- Internal pressure, gasket Average membrane P
continuities compression, bolt loads
Wall thickness Internal pressure, gasket Membrane P
transitions compression, bolt loads Bending Q
Axial or radial thermal gra- | Membrane Q
dient Bending Q
Restraint to thermal expan- | Membrane Pe
sion Bending Pe
Any Peak F
Any Any Radial thermal gradient 1) Bending through wall F
Peak F
1) Consider possibility of failure due to thermal stress ratcheting.

Table 7.7-2: Classification of stress intensity in piping for some typical cases

Type of component . - . .
support structures Location Origin of stress Type of stress Classification
Any shell Any section through | Force or moment to be | General membrane, averaged across full section Pm
the entire component | withstood (stress component perpendicular to cross section)
support structure Force or moment to be | Bending across full section Py
withstood (stress component perpendicular to cross section)
Near discontinuity ) | Force or moment to be | Membrane Pm
or opening withstood Bending Q2
Any Restraint 3) Membrane Pe
Bending Pe
Any plate or disk | Any Force or moment to be | Membrane Pm
withstood Bending Py
Near discontinuity 1) | Force or moment to be | Membrane Pm
or opening withstood Bending Q2
Any Restraint 3) Membrane Pe
Bending Pe

1) Discontinuities mean essential changes in geometry such as wall thickness changes and transitions between different types of shells. Local
stress concentrations, e.g. on edges and boreholes are no discontinuities.

2) Calculation not required.

3) These are stresses resulting from restraints of free end displacements or different displacements of component support structures or an-
chors, including stress intensifications occurring at structural discontinuities, but excluding restraint due to thermal expansion of piping sys-
tems. The forces and moments from re-strained thermal expansions of piping systems are considered to be "forces or moments to be with-
stood" by the component support structure.

Table 7.7-3: Classification of stress intensity of integral areas of component support structures for some typical cases
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st ) Loading levels
ress catego
gory Level0D | LevelA | LevelB | LevelP? Level C3) Level D
Higher value of: | Smaller value of:
Pm Sm — 1.1-Sy 0.9 Ryo 21| Rpo2r? 0.7 - Ry
and 1.2 - Sp, and 2.4 - Sy,
Higher value of: [ Smaller value of:
Primary stresses P, 15-S, — 165 S [1.35 - Rpg o1/ 1.5+ Ryg o1 ¥ Rmt and
and 1.8 - Spp 3.6 Sm
Pm+ Pp Higher value of: [ Smaller value of:
or 15-Sp — 165 Sp [1.35 Ry 27| 1.5 Rygo1 ¥ Rmt
Pi* Py and18.S,  |and3.6-Sy
Pe — 3-8,% |3.5,20 — — —
Primary plus sec- Pp +Pp+ P +Q
ondary stresses or o 3.5,9 [3.5,96) o o o
Pl +Pp+Pe+Q
Primary plus sec- |Pm*Pp+Pe+Q+F 5.5.8 |2.5.78)
ondary stresses or — a a — — —
plus peak stresses [P/ +P,+P,+Q+F D<10 D<10

The material strength values shown shall be taken as minimum values.

When using the component specific analysis of the mechanical behaviour in accordance with Section 8 the values indicated in this Section

shall apply.

The determination of design stress intensity values Sp, is given in Table 6.6-1.

1) See Annex B as regards the analytical confirmation in case of a numerical reassessment of a component.

2) If the allowable number of cycles of 10 is exceeded, all cycles of this loading level shall be incorporated in the fatigue analysis according to
Levels A and B.

3) If the allowable number of cycles of 25 is exceeded, the cycles of this loading level exceeding 25 shall be incorporated in the fatigue analy-
sis according to Levels A and B.

4) However, not more than 90 % of the allowable value in Level D.

5 If the 3 - Sy limit (for cast steel 4 - Spy) is exceeded an elastic plastic analysis shall be made taking the number of cycles into account (see
clause 7.8.1). Where the respective conditions are given, this analysis may be a simplified elastic plastic analysis according to clause 7.8.4.

6) Verification is not required for those cases where the loadings from load cases "emergency" and "damage" have been assigned to this level
for reasons of functional capability or other reasons.

A fatigue evaluation is not required for those cases where the loading from load cases "emergency" and "damage" have been assigned to
this level for reasons of functional capability or other reasons and these load cases belong to the group with 25 load cycles of Level C for

which no fatigue analysis is required.

8) The stress amplitude Sg and the cumulative usage factor D shall be limited to satisfy Section 7.8.

Table 7.7-4: Limitation of stress intensities and equivalent stress ranges: Allowable values depending on stress category and
loading levels for ferritic and austenitic steels including cast steel of test group A1

7.7.4

Note:
See Annex B as regards the analytical confirmation in case of a
numerical reassessment of a component.

7.7.41

Limit analysis

General

(1) The requirements given hereinafter apply to plate and
shell type components of test groups A1, A2 and A3. They
shall not apply to

a) threaded fasteners,

b) structures (e.g. fillet welds) where failure due to local dam-
age may occur,

c) if the possibility of instability of the structure exists.

(2) The limit values for the general primary membrane
stress, the local primary membrane stress as well as the pri-
mary membrane plus bending stress (elastic analysis) need
not be satisfied at any point if it can be proved by means of
limit analysis that the specified loadings multiplied with the
safety factors given in 7.7.4.2 are below the respective lower
bound collapse load.

(3) The lower bound collapse load is that load which is cal-
culated with a fictitious yield stress oF as the lower bound
(lower bound theorem of limit analysis) by assuming an ideally
elastic-plastic behaviour of the material in which case any
system of stresses in the structure must satisfy equilibrium.

Multi-axial stress conditions shall be calculated by means of
the von Mises theory.

7.7.4.2

(1) Loading Level 0

For this loading level the following yield stress value shall be
used for calculating the lower bound collapse load:

test group A1 components :op=15-Sm
test group A2 and A3 components :cg=15-8

Allowable loadings

The use of the S, value may lead, in the case of non-linear
elastic materials, to small permanent strains during the first
load cycles. If these strains are not acceptable the value of the
stress intensity factor shall be reduced by using the strain
limiting factors as per Table 7.7-5.

The specified load shall not exceed 67 % of the lower bound
collapse load.

(2) Loading Level B

For this loading level the following yield stress value shall be
used for calculating the lower bound collapse load:

test group A1 components :oF=1.65-Sm

test group A2 and A3 components : oF =1.65-S

The use of 1.1 times the S, value may lead, in the case of
non-linear elastic materials, to small permanent strains during



the first load cycles. If these strains are not acceptable the
value of the design stress intensity shall be reduced by using
the strain limiting factors as per Table 7.7-5.

The specified load shall not exceed 67 % of the lower bound
collapse load.

(3) Loading Level C

For this loading level the following yield stress value shall be
used for calculating the lower bound collapse load:

test group A1 components :op=1.8-Sm
test group A2 and A3 components : cF=1.8-S

The specified load shall not exceed 67 % of the lower bound
collapse load.

(4) Loading Level D

For this loading level the following yield stress value shall be
used for calculating the lower bound collapse load:

test group A1 components: o = min {2.3 - Sm; 0.7 - RmT}
test group A2 and A3 components: o =2.0-S

The specified load shall not exceed 90 % of the lower bound
collapse load.

(5) TestLevel P

For this loading level the following yield stress value shall be
used for calculating the lower bound collapse load:

6 =15 Sm
or=15-S

The specified load shall not exceed 80 % of the lower bound
collapse load.

test group A1 components

Bauteile der Prifgruppe A2 und A3

(6) Where the conditions hereafter are satisfied, the lower
bound collapse load obtained from one single calculation with
perfect elastic-plastic material behaviour may be converted to
the various loading levels proportional to the differing yield
stresses:

a) the calculation is based on a geometrically linear calcula-
tion model (e.g. no non-linear bearing conditions),

b) the loading is proportional (e.g. if the structure is loaded by
pressure and external loads both load portions increase at
the same ratio),

c) where more than one material is used, the lowest yield
stress applies to the entire component analysed.

Permanent strain % Factors
0.20 1.00 *)
0.10 0.90
0.09 0.89
0.08 0.88
0.07 0.86
0.06 0.83
0.05 0.80
0.04 0.77
0.03 0.73
0.02 0.69
0.01 0.63

*) For non-linear elastic materials the Sm value may exceed 67 % of
the proof stress Rpo.2t and attain 90 % of this value at tempera-
tures above 50 °C which leads to a permanent strain of approx.
0.1%. If this strain is not acceptable the Sm value may be reduced

by using the factors of this table.

Table 7.7-5: Factors for limiting strains for non-linear elastic
materials
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7.8  Fatigue analysis
7.81  General
7.8.11  Objectives and methods to be used

(1) A fatigue analysis shall be made in dependence of the
test group and of the type of component to avoid fatigue failure
due to cyclic loading.

(2) The basis for fatigue evaluation are the design fatigue
curves (Figures 7.8-1 to 7.8-4) based on tests carried out at
ambient air.

Note:

Cf. Section 4, esp. clause 4.5.
(3) The fatigue curves shown in Figure 7.8-2 for tempera-
tures equal to or less than 80 °C as well as for temperatures ex-
ceeding 80 °C shall apply to the austenitic steels X6CrNiNb18-

10 (1.4550) and X6CrNiTi18-10 (1.4541). The fatigue curve
shown in Figure 7.8-3 shall apply to all other austenitic steels.

(4) The equations of the fatigue curves for the steels 1.4550
and 1.4541 shown in Figure 7.8-2 are:

a) as function S, =f(n;)
1

a\b
S,=10"2.E. [e—} +c (7.8.1-1)
n;
b) as function N = f (Sy)
a
Ay = © - (7.8.1-2)
ote)
—-C
1072 .E
where

S,: half stress intensity range in N/mm?
n; : allowable number of load cycles
E : modulus of elasticity

The modulus of elasticity E = 1.79-10% N/mm?2 was used as re-
ference value for the pictured fictitious elastic stress ranges.

The constants a, b and c have the following values:
a) a =4.400atT<80°C and 4.500atT>80°C
b) b =2.450atT<80°C and2.365atT>80°C
c) ¢ =0.071atT<80°C and 0.0478 at T> 80 °C.

7.8.1.2
7.8.1.2.1

Test groups A1 and A2

Conditions required for performing a fatigue anal-
ysis

(1) Fatigue analysis shall be made if at least one of the
following conditions applies:

a) The minimum tensile strength R,,grt of the material ex-
ceeds 550 N/mm?2.

b) The sum of the cycles due to the loadings mentioned in
ba) to bd) hereinafter exceeds 1000 cycles.

ba) expected number of cycles over full range of pressure
cycles including start-up and shutdown.

bb) expected number of pressure cycles where the range
of pressure variation exceeds 0.2 - p (p = design pres-
sure).

bc) effective number of weighted cycles of changes in
metal temperature between any two adjacent points
(see sub-clause (2)). Depending on the load case,
those two adjacent points shall be selected from all
adjacent points for which the highest temperature dif-
ference is obtained for the considered point of time.
The number of cycles with this temperature difference
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depends on the specific component. The number of
weighted temperature cycles is obtained by multiply-
ing, for each load case, the component-specific num-
ber ob cycles with the factor given in Table 7.8-1 relat-
ing to the pertinent highest temperature difference and
then summing up the resulting number of cycles of all

load cases.
Metal temperature differential Factor
[K]

AT <30 0

30 <AT <60 1

60 < AT <80 2

80 < AT <140 4

140 < AT <190 8
190 < AT < 250 12
250 < AT 20

Table 7.8-1: Factor for fatigue analysis to consider

temperature differences in the material

bd

~

For vessels with welds joining materials of different
thermal expansion coefficients (a1, 02) the number of
temperature cycles shall be taken into account where
the product of AT - (a1 - a2) exceeds 0.00034. Here AT
is the range of operating temperature cycles at the
point under consideration.

(2) For adjacent points the following applies:
a) For surface temperature differences:

aa) For surface temperature differences on shells forming
surfaces of revolution in the meridional direction, adja-
cent points are defined as points that are less than the
distance 2~,/R~sc , where R is the radius measured
normal to the surface from the axis of rotation to the
midwall and s; is the thickness of the part at the point
under consideration. If the product R - s; varies, nor-
mally the average value of the points shall be used.

For surface temperature differences on surfaces of
revolution in the circumferential direction and on flat
parts (e.g. flanges and flat heads), adjacent points are
defined as any two points on the same surface.

b) For surface temperature differences on surfaces of revolu-
tion in the circumferential direction, adjacent points are de-
fined as any two points on the same surface.

ab

~

7.8.1.2.2 Fatigue analysis methods to be used

(1) The following fatigue analysis methods are permitted:

a) Simplified fatigue evaluation in accordance with clause 7.8.2
This evaluation is based on a limitation of pressure cycle
ranges, temperature differences and load stress cyclic
ranges with regard to magnitude and number of cycles. If
these limits are adhered to, safety against fatigue failure is
obtained. This evaluation method is based on a line-
ar-elastic stress strain relationship.

b) Elastic fatigue analysis in accordance with clause 7.8.3
This analysis method shall be used especially if the safety
against fatigue failure according to clause 7.8.2 cannot be
demonstrated. The elastic fatigue analysis is only permit-
ted if the equivalent stress range resulting from primary
and secondary stresses does not exceed a value of 3 - S
for steels and 4 - S, for cast steel.

c) Simplified elastic-plastic fatigue analysis in accordance
with clause 7.8.4

This analysis method may be used for load cycles where
the equivalent stress range resulting from all primary and

secondary stresses exceeds the limit value of 3 - S, for
steel and 4 - S,,, for cast steel, however, these limit values
are adhered to by the equivalent stress range resulting
from primary and secondary stresses due to mechanical
loads. The influences of plastification are considered by
using the factor K, according to clause 7.8.4. In lieu of this
Ke value other values may be used in individual cases,
which have been proved by experiments or calculation or
have been taken from literature. Their applicability shall be
verified.

Note:

The literature referenced in [1] contains a proposal for the de-
termination of K values.

In addition, it shall be demonstrated that no ratcheting
(progressive distortion) occurs.

d) General elastic-plastic fatigue analysis

While the abovementioned methods are based on line-
ar-elastic material behaviour, a fatigue analysis based on
the elasto-plastic behaviour of the material may be made
in lieu of the abovementioned methods in which case it
shall be demonstrated that no progressive distortion
(ratcheting) occurs.

(2) For piping the component-specific fatigue analysis of
Section 8.5 may be used in lieu of the analysis methods of
clauses 7.8.3 and 7.8.4.

(3) For valves the component-specific fatigue analysis of
clause 8.4.6 may be used.

(4) For the fatigue analysis of bolts Section 7.11.2 applies.

7.8.1.3

For components of test group A3, except for piping, a fatigue
analysis shall be waived. Piping of test group A3 shall be
treated like piping of code class A2 with regard to fatigue
analysis.

Test group A3

7.8.2 Simplified evaluation of safety against fatigue failure

The peak stresses need not be considered separately in the
fatigue evaluation if for the service loadings of level A of the
part the following conditions of sub-clauses a) to f) are satis-
fied.

Note:

Where load cases of level B are to be analysed regarding their fa-
tigue behaviour, the same conditions as for level A apply.

a) Atmospheric to service pressure cycles

The specified number of times (including start-up and
shutdown) that the pressure will be cycled from atmos-
pheric pressure to service pressure and back to atmos-
pheric pressure does not exceed the number of cycles on
the applicable fatigue curves (see Figures 7.8-1 and
7.8-3) corresponding to an Sy value of three times (for
steels) and four times (for cast steels) to the Sm value for
the material at service temperature.

b) Normal service pressure fluctuations

The specified range of pressure fluctuations during level A
Service does not exceed 1/3 times the design pressure,
multiplied with the (Sa/Sm) ratio, where S; is the value ob-
tained from the applicable design fatigue curve for the total
specified number of significant pressure fluctuations and
Sm is the design stress intensity for the material at service
temperature. If the total specified number of significant
pressure fluctuations exceeds the maximum number of
load cycles obtained from the applicable fatigue curve, the
S, value may be used for maximum number of load cycles
in the applicable fatigue curve. Significant pressure fluctua-
tions are those for which the total excursion exceeds the



f)

quantity of 1/3 times the design pressure, multiplied by the
S/Sm ratio. Here, S is defined as follows:

ba) If the specified number of load cycles is 108 or less,
the value of S, at 108 load cycles of the applicable fa-
tigue curve applies to S,

bb) If the specified number of load cycles exceeds 108, the
value of S, at the maximum number of load cycles in
the applicable fatigue curve applies to S.

Temperature difference - start-up and shutdown

The temperature difference, K (Kelvin) between any two
adjacent points of the component during level A service
does not exceed the value of Sa/(2 - E - o), where Sj is the
value obtained from the applicable design fatigue curve for
the specified number of start-up-shutdown cycles, a is the
value of the instantaneous coefficient of thermal expansion
at the mean value of the temperatures at the two points,
and E is the modulus of elasticity at the mean value of the
temperatures at the two points.

Note:

Adjacent points are explained in clause 7.8.1.2.1 (2).

Temperature difference for services other than start-up
and shutdown

The temperature difference, K (Kelvin), between any two
adjacent points is smaller than the value of Sa/2 - E - q,
where S; is the value obtained from the applicable design
fatigue curve for the total number of significant tempera-
ture fluctuations. A temperature difference fluctuation shall
be considered to be significant if its total algebraic range
exceeds the quantity S/(2 - E - a). Here, S is defined as
follows:

da) If the specified number of load cycles is 10° or less,
the value of S, at 106 load cycles of the applicable fa-
tigue curve applies to S,

db) If the specified number of load cycles exceeds 108, the
value of S, at the maximum number of load cycles in
the applicable fatigue curve applies to S.

Temperature differences for dissimilar materials

For components fabricated from materials of differing
moduli of elasticity or coefficients of thermal expansion, the
total algebraic range of temperature fluctuation experi-
enced by the component during normal service does not
exceed the magnitude S /[2 - (E4 - a4 - Eo - o)l

Here S; is the value obtained from the applicable design
fatigue curve for the total specified number of significant
temperature fluctuations, E1 and E2 are the moduli of elas-
ticity, and a1 and a2 are the values of the instantaneous
coefficients of thermal expansion at the mean temperature
value for the two materials. A temperature fluctuation shall
be considered to be significant if its total algebraic range
exceeds the quantity S/[2 - (E1- a1 - E2 - 02)]. Here, S is
defined as follows:

ea) If the specified number of load cycles is 10° or less,
the value of S, at 106 load cycles of the applicable fa-
tigue curve applies to S,

eb) If the specified number of load cycles exceeds 108, the
value of S, at the maximum number of load cycles in
the applicable fatigue curve applies to S.

If the two materials used have different design fatigue

curves the smaller value of S shall be used when applying

this sub-clause.

Mechanical loads

The specified full range of mechanical loads, excluding
internal pressure, but including pipe reactions, does not
result in load stresses whose range exceeds the value of
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S, obtained from the applicable design fatigue curve for
the total specified number of significant load fluctuations. If
the total specified number of significant load fluctuations
exceeds the maximum number of load cycles obtained
from the applicable fatigue curve, the S, value may be
used for maximum number of load cycles in the applicable
fatigue curve. A load fluctuation shall be considered to be
significant if the total excursion of load stress exceeds the
value S of the applicable fatigue curve. Here, S is defined
as follows:

fa) If the specified number of load cycles is 10° or less,
the value of S, at 108 load cycles of the applicable fa-
tigue curve applies to S,

fb) If the specified number of load cycles exceeds 108, the
value of S, at the maximum number of load cycles in
the applicable fatigue curve applies to S.

7.8.3

(1) Prerequisite to the application of the elastic fatigue ana-
lysis is that the 3 - Sm criteria for steels and the 4 - Sy, criteria
for cast steel are satisfied in accordance with clause 7.7.3.4.

Elastic fatigue analysis

(2) As the stress cycles ov=2:6a=2 Et1-¢a in level A
and B service assume different magnitudes they shall be sub-
divided in an enveloping manner into several steps 2 - aj and
their cumulative damage effect shall be evaluated as follows:

For each type of cycle oaj = Sa the allowable number of cycles
n; shall be determined by means of Figure 7.8-1, Figure 7.8-2
or Figure 7.8-3 and be compared with the specified number of
cycles nj or number of cycles nj verified by calculation.

The sum of these ratios ny/n; is the cumulative usage factor D
for which the following applies within the design:
p=2t,02, fkoqp
Ny N Nk

(7.8-1)

Where a reduction of fatigue strength due to fluid effects can-

not be excluded, then the following measures shall be taken at

a threshold for cumulative damage of D = 0.4 to ensure con-

sideration of fluid influence on the fatigue behaviour:

a) the components considered shall be included in a monitor-
ing program to KTA 3211.4, or

b) experiments simulating operating conditions shall be per-
formed, or

c) verifications by calculation shall be made in due considera-
tion of fluid-effected reduction factors and realistic bounda-
ry conditions.

Note:

See explanations regarding section 7.8 in Annex D with regard to
attention thresholds for austenitic steels in the case that fatigue
evaluations are not made on the basis of the fatigue curves in Fig-
ures 7.8-2 and 7.8-3.

7.8.4  Simplified elastic plastic fatigue analysis

Within the simplified elastic-plastic analysis the 3 - Sy limit for
steels and 4 - Sy, limit for cast steel with a stress cycle range
resulting from primary and secondary stresses may be ex-
ceeded if the requirements in a) to €) hereinafter are met.

a) The equivalent stress range resulting from primary and
secondary membrane and bending stresses without ther-
mal bending stresses across the wall shall be not greater
than 3 - Sm for steel and 4 - S, for cast steel. The limita-
tion of thermal stress ratcheting shall be demonstrated
(compare e.g. clause 7.12.3 and 8.5.2.4.4.1 b).

b) The value of half the equivalent stress range Sa to be
compared with the design fatigue curve acc. to Figure 7.8-1,
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Figure 7.8-2 or Figure 7.8-3 shall be multiplied with the
factor K, where K is to be determined for steel as follows:

Ke=1.0 forS, <3 - Sy
(7.8-2)
1-n) S
K=1.0+(—- 11| for3-S <S <m-3-
e n-(m-1) (S-Sm ] moon
Sm
(7.8-3)
Ke =1/n forSp=2m -3 - S,
(7.8-4)

Sn: Range of primary plus secondary stress intensity

In the foregoing equations the 3 - Sy value shall be substi-
tuted by 4 - Sy, for cast steel.

The material parameters m and n shall be taken from
Table 7.8-2.

The temperature for the material used shall not exceed the
value of Tmax in Table 7.8-2.

Type of material m [ n | Thax (°C)
Low alloy carbon steel 2.0]0.2 370
Martensitic stainless steel 20(0.2 370
Carbon steel 3.0(0.2 370
Austenitic stainless steel 1.710.3 425
Nickel based alloy 17103 425

Table 7.8-2: Material parameter

For local thermal stresses the elastic equations may be
used in the fatigue analysis. The Poisson’s ratio v shall be
determined as follows:

R
v=05-0.2 [ﬂJ but not less than 0.3 (7.8-5)
a
where
T=025-T +0.75-T (7.8-6)
with

T maximum temperature at the considered load cycle
T minimum temperature at the considered load cycle

c) Deviating from b) Ke values may be determined by calcula-
tion or experiments or be taken from literature. Their usa-
bility shall be demonstrated.

d) The limitation of the cumulative usage factor due to fatigue
shall be in acc. with clause 7.8.3.

7.9  Strain analysis

A strain analysis shall only be made if specified strain limits
are to be adhered to for functional reasons.

7.10 Structural analysis

Where under the effect of loading a sudden deformation with-
out considerable increase in load may be expected, a struc-
tural analysis shall be performed.

711
7111

Stress, strain and fatigue analyses for flanged joints
General

(1) The loading conditions of flanged joints shall be deter-
mined for the governing load cases. The verification by calcu-

lation of the strength and deformation conditions may be made
by approximation in accordance with the simplified procedure
of clause A 2.10.5. The exact verification shall be made ac-
cording to this section in consideration of the elastic behaviour
of the structure. Dimensioning and strain analysis may be
made in accordance with Sections A 2.9 and A 2.10.

(2) The following shall be included, where required, in the
structure:

a) identical flange pairs, non-identical flange pairs or the
flange with flat or dished cover

b) bolts
c) the gasket and
d) the connected shell.

(3) The following load cases shall be examined:
a) the bolting-up condition(s)

b) the conditions of specified operation

c) upset conditions (incidents), if any.

(4) The loadings on the flanged joint in the load cases of
specified operation and incidents, if any, shall be calculated in
connection with the respective bolting-up condition e.g. taking
consistent bolt elongation into account (definition see under
clause A 2.10.6.1).

(5) For the flanges, the covers, if any, belonging to the
flanged joint and the connected shell a stress analysis and
limitation as per Section 7.7 and a fatigue analysis as per
Section 7.8 shall be performed. The stresses shall be limited
in accordance with Table 6.7-2. For bolts a stress and fatigue
analysis as per clause 7.11.2 is required.

(6) The assessment of the gasket loading condition shall be
made based on verified data of the gasket manufacturer, e.g.
from gasket-data-sheets (see Section A 2.11). The residual
gasket load shall be controlled according to the respective
requirements in due consideration of the seating conditions.

7.11.2 Stress and fatigue analysis for bolts

(1) When evaluating stress limits for bolts the following
stresses are referred to: average tensile stresses, bending
stresses, torsional stresses, and peak stresses.

(2) A specific fatigue analysis shall be made if the bolts are
not covered by the simplified evaluation of safety against fa-
tigue failure of the component in acc. with clause 7.8.2. In this
fatigue analysis the material properties and geometric bounda-
ry conditions of threaded members shall be considered e.g.
when determining the load cycles resulting from pressure
fluctuations and temperature differences.

(3) The allowable stress limits for bolts are contained in
Table 6.7-2.

(4) The fatigue behaviour shall be evaluated on the basis of
the range of maximum stress intensity in due consideration of
the elasticity of threaded members, in which case the range of
normal stress intensity shall be multiplied with a fatigue strength
reduction factor of not exceeding 4. The usage factor shall be
accumulated and be limited in acc. with equation (7.8.-1).

Fatigue strength reduction factors smaller than 4 shall be
verified.

(5) For bolts with a specified tensile strength R,grt not ex-
ceeding 690 N/mm?2 the design fatigue curves acc. to Figures
7.8-1, 7.8-2 or 7.8-3 apply, and for high-strength bolts with
specified tensile strength R,rt above 690 N/mm?2 the design
fatigue curve for temperatures up to and including 370 °C of
Figure 7.8-4 applies. These bolts shall be designed as
necked-down bolt in accordance with clause A 2.9.3 (2).
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Figure 7.8-1: Design fatigue curves for ferritic steels

106

———— Ry < 550 N/mm?
—— Ry =790 to 900 N/mm2
E =207-105N/mm?2

Values for tensile strengths between
550 N/mm?2 and 790 N/mm?
may be subject to straight interpolation.

Where the calculated stress intensity
range is based on strains with an elastic
modulus E1 # E the calculated stress
intensity range shall be multiplied

with the ratio E/ET .

Note:

The exact values to be used for

the relationship between S and fij
are given in Table 7.8-3.
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Figure 7.8-4: Design fatigue curve for high strength steel bolting for temperatures < 370 °C

106

E = 2.07 -105N/mm?

Where the calculated stress intensity
range is based on strains with an elastic
modulus ET # E the calculated stress
intensity range shall be multiplied

with the ratio E/ET .

Note:
The exact values to be used for

the relationship between S and fij
are given in Table 7.8-3.

maximum nominal stress < 2.7-Spy,

maximum nominal stress = 3.0- Sy,
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Allowable half stress intensity range S, 12)

Figure at allowable number of load cycles h

1.101]|2.10"|5.101[1-102|2.102|5-102[1.103|2.103| 5.103 | 1.10% | 1.2:10%" | 2.10%|5.10%|1.105|2.105 | 5.105 | 1.106 2-106|5.106|1-1o7|2.1o7|5-1o7|1.108|1-1o9|1.1o10|1.1o11

7.8-1: curve ten-
sile strength 2900 2210 (1590 [ 1210| 931 | 689 | 538 | 427 | 338 | 303 296 248 | 200 | 179 | 165 | 152 | 138
790 - 900 N/mm?

7.8-1: curve ten-

sile strength 4000 2830|1900 | 1410|1070 | 724 | 572 | 441 | 331 | 262 — 214 | 159 | 138 | 114 | 93.1 | 86.2
< 550 N/mm?

T<80°C|4341 (3302|2312 (1773|1368 981 | 770 | 612 | 461 | 378 — 316 | 257 | 225 | 201 | 178 | 165 | 156 | 147 | 142 | 138 | 135 | 133 | 129 | 128 | 127
82 T>80°C|4618 | 3467|2381 1798|1363 | 953 | 732 | 568 | 413 | 330 — 268 | 209 | 178 | 154 | 132 [ 120 {112 | 103 | 99 | 95 | 92 | 91 | 87 | 86 | 86
7.8-3 5508 | 3947 [ 2522 (1816|1322 | 894 | 684 | 542 | 413 | 338 — 275 | 216 | 180 | 154 [ 130 [ 116 | 104 | 94 | 91 | — | — | 89 | 88 | 87 | 86
7.8-4:

curve maximum

nominal stress 3) 793015240 (31002210 (1550 | 986 | 689 | 490 | 310 | 234 — 186 | 152 | 131 | 117 | 103 | 93.1
<2.7-Sp
7.8-4:
curve maximum
7930|5240 (3100|2070 (1415| 842 | 560 | 380 [ 230 | 155 — 105 | 73 58 49 42 | 36.5

nominal stress 3)
=30-S,

1) The values of S, shown here are based on the respective elastic moduli of Figures 7.8-1 to 7.8-4.

2) Straight interpolation between tabular values is permitted based upon a double logarithmic representation: (straight lines between the data points on the log log plot). Where for a given value of Sy = S the

pertinent number of load cycles n is to be determined, this shall be done by means of the adjacent data points Sj < S < S§jand nj>n>n;jas follows:
A a ~ ~ o i/Io Si
n/n; = (nj /ni) ¥s gSj

Example:  Given: Steel with tensile strength < 550 N/mm?, S, = 370 N/mm?2

from which follows: S; = 441 N/mm?, §; = 331 Nimm?, ;= 2 - 103,/ = 5 - 103

A 10624 0g H41
A /2000 = (5000 / 2000)'°9370 9331

n = 3500

3) Nominal stress = tensile stress + bending stress
* This data point is included to provide accurate representation of the curve.

Table 7.8-3: Table of values for the design fatigue curves of Figures 7.8-1 to 7.8-4
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7.12 Avoidance of thermal stress ratcheting for components
of test group A1

7121 General

(1)  Where the equivalent stress intensity range derived from
primary stresses P and secondary stresses Q exceeds the
value of 3 - S, for steels and 4 - S, for cast steels (see clause
7.8.1), it shall be proved my means of the following stipula-
tions that the distortions developing as a result of stress ratch-
et remain within acceptable limits.

(2) When evaluating the limitation of progressive distortions
under cyclic loading the same load cases and combination of
these load cases as verified by means of fatigue analysis shall
be considered.

(8) The evaluation of limitation of thermal stress ratcheting
may be a simplified evaluation (clause 7.12.2) using approxi-
mation formulae; more exact evaluations require verification of
strains by elasto-plastic analysis (clause 7.12.3) or by means
of measurements (clause 7.12.4).

7.12.2 Simplified evaluation by approximation formulae
7.12.21

(1) The simplified evaluation may be used for:

a) axisymmetric structures under axisymmetric loading condi-
tions, which are located sufficiently away from local struc-
tural discontinuities, or

b) general structures where thermal peak stresses are negligi-
ble (i.e. linear thermal stress distribution through the wall).

Range of application

(2) The evaluations are based on the results of elastic anal-
ysis and a stress classification in accordance with clause
7.7.3; here the following stress parameters referred to the
elevated temperature proof stress Ry, o1 are used:

X=(P+ I:)b/K)max/RpO.ZT (7.12-1)
Y = (Qr)max/Rpo.21 (7.12-2)
where T=025-T +0.75- T (7.12-3)

(referred to the respective load cycle considered) with

(P, + Pp/K)max maximum value of primary stress intensity
where the portion of bending stress Py, has
been adjusted with the factor K,

(Qr)max maximum secondary stress intensity,
T maximum temperature,

T minimum temperature,

K factor, e.g. K = 1.5 for rectangular

cross-sections.
(3) Where the conditions of clause 7.12.2.1 (1) a) are satis-
fied, the stress relationships are simplified as follows:
X: maximum general membrane stress due to internal
pressure, divided by R, o7, and

Y: maximum allowable range of thermal stress, divid-
ed by Rpo .2t

(4) The use of the yield strength instead of the proportional
elastic limit allows a small amount of growth during each cycle
until strain hardening raises the proportional elastic limit to the
yield strength.

(5) This evaluation procedure can be applied as long as the
load cycle number to be assessed does not exceed the value

n=f(2-S, =Rpo2t) (7.12-4)

7.12.2.2 Evaluation by limitation of stresses

(1) If the evaluation requirements are met thermal stress
ratcheting can definitely be excluded.

(2) When calculating the allowable secondary stress intensi-
ty the secondary stress parameter Y may be multiplied with
the higher value of Ryg ot or 1.5 - Spy,.

(3) At given primary stress parameter X the following sec-
ondary stress parameter Y is permitted for the stress intensity
range:

Case 1: Linear variation of temperature or linear variation of
secondary stress through the wall:
for 0.0<X<0.5, Y =1/X (7.12-5)
for 0.5<X<1.0, Y =4 (1-X) (7.12-6)
Case 2: Parabolic constantly increasing or constantly decreas-
ing variation of temperature through the wall:

for 0.615<X<1.0,Y=5.2 (1-X) (7.12-7)

for X< 0.615, Y (X=0.5) = 2.70
Y (X=0.4) = 3.55
Y (X=0.3) = 4.65

Case 3: Any component geometry and any loading:
for X <1.0, Y=3.25 (1-X) + 1.33 (1-X)3 + 1.38 (1-X)5
(7.12-8)
Guide values: Y (X=1.0) = 0.00

Y (X=0.0) = 5.96

7.12.2.3 Evaluation by limitation of strains

(1) This evaluation shall only be used for conditions as per
clause 7.12.2.1 (1) a).

(2) When determining the strains, the following conditions
identified by the index i are considered:

Index 1 the lower bound at extreme value formation of the
range of thermal stresses or secondary stresses (low
temperature) and with

Index 2 the upper bound at extreme value formation of the
range of thermal stresses or secondary stresses
(high temperature).

(3) Where the stress parameters

X1, Yy are determined by using the elevated temperature
proof stress Rpo.2t, at temperature T, averaged
across the wall for condition 1

Xo, Yo are determined by using the elevated temperature

proof stress Rpoor, at temperature T, averaged
across the wall for condition 2,

distinction shall be made between the following cases when
determining the auxiliary values of Z; (i=1.2):

a) for Y;-(1-X)>1, Z=XY, (7.12-9)
b) for Y;-(1-X))<1and X; +Y; >1,
Zi=Y;+ 1-2.J0-X)-Y, (7.12-10)

c) for X;+Y;<1, Z =X (7.12-11)

(4) From this the plastic strain increment Ae for each cycle
can be derived in dependence of the auxiliary value Z; and in
consideration of the ratio of the proof stress values

p =Rpo.21, /Rpo.21

Zy<p: As=0 (7.12-12)
p<Z1 <1:
Roo.2m, - (Z1/p 1
e - R0z (&1/p=1) (7.12-13)
Er,
if (Zy p-1)<0



Rpo.215 - (Z4/p-1)+ Rpo.214 (Zyp-1)

e = (7.12-14)
Er,
if (Zo-p-1)>0
Z1 >1:
R (Z4-1
pe 2 Ro02m (21 (7.12-15)
Er,
if (Z-1)<0
R (z-1) R (25 -1
Ag = P0.2T4 ( 1 )+ p0.2To (2 ) (7.12-16)
Ery Er,
if (Zp-1)>0

(5) The sum of plastic strain increments Ae¢ to the end of
service life shall not exceed the value 2 %.

7.12.3 General evaluation by elastic-plastic analysis

(1) For the determination of plastic strains at cyclic loading
an elasto-plastic analysis may be made. The material model
used in this analysis shall be suited to realistically determine
the cyclic strains.

(2) Where in the case of strain hardening materials the de-
crease of the strain increment from cycle to cycle is to be
taken for the determination of the total strain, the load histo-
gram shall comprise several cycles. From the strain history
determined from the respective load histogram the maximum
accumulated strain may be calculated by conservative extrap-
olation.

(3) At the end of service life, the locally accumulated princi-
pal plastic tensile strain shall not exceed, at any point of any
cross section, the following maximum value: 5.0% in the base
metal, 2.5% in welded joints.

7.12.4 Specific evaluation by measurement

(1) The cyclic accumulated strain may also be determined
by means of measurements.

(2) Regarding an extrapolation for accumulated total plastic
strain as well as the limits of allowable strain clause 7.12.3
applies.

8 Component-specific analysis of the mechanical
behaviour

8.1 General

(1) The following component-specific analyses and verifica-
tions of strength are recognised and usually applied calcula-
tion methods. Where several methods are given, they are
permitted within their application limits.

Note:

These procedures are usually based on different principles and
contain varying conservative approaches so that non-identical re-
sults may be obtained.

(2) The component-specific analyses of the mechanical
behaviour are intended to evaluate loadings and replace, fully
or in part, the verification by the general analysis of the me-
chanical behaviour in acc. with Section 7 on the condition that
the respective design and loading limit requirements as well
as the pertinent specified stress limits are met.

(3) Where effective loading cannot fully be determined by
one of the following component-specific analyses, the stresses
resulting from partial loadings may be evaluated separately
and be determined accordingly by superposition.

(4) As welds have to meet the requirements of KTA 3211.1
and KTA 3211.3 the effects of the welds on the allowable
stresses in Section 8 need not be considered separately.
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(5) Where fatigue analyses are performed, the fatigue
strength-reducing influences of welds in dependence of weld
dressing shall be taken into account.

Note:

Stress indices are contained in Table 8.5-1.

(6) Where a component-specific analysis is performed, the
wall thickness s, as per clause 7.1.4 shall be used. In such
case, a cladding shall be considered in conformance with
clause 7.1.3.

8.2 Vessels

8.2.1 Radial nozzles subject to internal pressure and
external nozzle loadings due to connected piping

8.21.1  General

(1) Nozzles in pressure-retaining cylindrical or spherical
shells including the attachment-to-shell juncture shall be able
to withstand all loadings applied simultaneously, such as in-
ternal pressure and external nozzle loadings.

(2) Depending on the respective service limits, test group
and stress category the allowable stress intensities shall be
determined in accordance with Tables 6.7-1 and 7.7-4.

(3) The requirements regarding the design according to
Section 5.2 shall be met.

(4) The methods indicated in clause 8.2.1.4 do not consider
the effects of mutual influence by adjacent openings which,
however, are to be taken into account if the distance
between adjacent openings is less than 2-,/dy, -SH -

8.2.1.2 Nozzles not exceeding DN 50

If nozzles < DN 50 are dimensioned to withstand internal
pressure by means of the equations of Annex A 2.8, analyses
of the mechanical behaviour are not required.

8.2.1.3 Nozzles exceeding DN 50 mainly subject to internal

pressure

(1) If nozzles that are mainly subject to internal pressure,
such as manhole, blanked-off and other nozzles not connect-
ed to piping, are dimensioned in accordance with Annex A 2.8,
analyses of the mechanical behaviour are not required.

(2) This shall also apply to nozzles with connected piping if
the additional primary stresses resulting from external loads
do not exceed 5 % of the allowable primary stress values
given in Table 6.7-1.

8.2.1.4 Nozzles exceeding DN 50 subject to internal pres-

sure and external nozzle loadings

(1) The opening reinforcement shall first be dimensioned for
internal pressure in acc. with Annex A 2.8 to include reserves
for external nozzle loadings.

The nozzle wall thickness shall be at least 1.5 times the nomi-
nal wall thickness of a connected piping (see also Table 5.2-1).
To verify the acceptability of external nozzle loads a supple-
mentary stress evaluation shall be made to cover stresses due
to internal pressure and external nozzle loadings.

(2) To determine the stresses due to internal pressure the
two methods described hereinafter are permitted:

a) Method 1: Itis based on a parameter study assuming ideal-
ly elastic material behaviour. With this method the stress
compo-nents of membrane as well as membrane plus bend-
ing stresses can be determined using stress indices. These
stress indices refer to planes normal to the vessel wall which
govern the combination of stresses resulting from mechani-
cal loads and internal pressure. This method shall preferably
be used for components of test group A1.
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b) Method 2: This method exclusively leads to maximum
total stress intensities due to internal pressure at certain
given locations.

(3) External loads may be considered separately using the
methods described in clause 8.2.2.4.

(4) The combination of stresses due to internal pressure and
external loads and their limitation shall be in accordance with
clause 8.2.3.

(5) The calculation methods 1 and 2 do not cover stresses in
the nozzle wall outside the nozzle-to-shell transition. For noz-
zles with a wall thickness ratio sp/sg < 1.5 according to Figure
8.2-1 or 8.2-2 the stress in the nozzle wall shall therefore be
evaluated separately.

8

g

INE——LL

Figure 8.2-2: Nozzle in spherical shell

Figure 8

.2-3: Direction of stress components

8.2.2 Method of analysis for radial nozzles
8.2.2.1 Design values and units relating to clause 8.2.2
Notation Design value Unit
dam mean diameter of nozzle mm
dum mean diameter of unpenetrated shell mm
d; internal diameter or spherical radius of mm
head
p internal pressure MPa
P.us |allowable pressure at shell-to-nozzle MPa
transition for a given geometry by utili-
sation of design stress
Pouu |allowable pressure for unpenetrated MPa
shell by utilisation of allowable stress
SaA nozzle wall thickness mm
S¢ wall thickness in unreinforced region in mm
acc. with clause 7.1.4
SH thickness of shell mm
SR nominal wall thickness of connected pipe mm
Q secondary membrane or bending stress [ N/mm?2
P_ local membrane stress N/mm2
Sm design stress intensity for components N/mm?2
of test group A1
o Stress index for P, or P + Q depending —
on location and direction of stress in
acc. with Figures 8.2-6 to 8.2-13
Bk stress index for radial nozzles in spheri- —
cal shell
B, stress index for radial nozzles in cylin- —
drical shell
0] angle between branch and run degree
Ga stress component in axial direction (in N/mm?2
the plane of the section under consid-
eration and parallel to the boundary of
the section)
o stress component in radial direction N/mm?2
(normal to the boundary of the section)
Gy stress component in circumferential N/mm?2
direction (normal to the plane of the
section)
Y stress intensity ( combined stress) N/mm?2




8.2.2.2 Method 1: Stress index method for primary and
secondary stress due to internal pressure
Note:

This method is suited to determine stresses for superposition with
stresses resulting from external loadings. It does not result in peak
stresses and therefore no total stess intensity is obtained.

To determine primary or primary plus secondary stresses in
the shell e.g. for cylindrical and spherical shells, the following
stress index method may be used:
a) Radial nozzles in cylindrical shells
The following dimensional ratios shall be adhered to:
Diameter-to-wall thickness ratio 30 < dy,/sy < 200
0.75<sp/lsp<1.3
dam/dym < 0.6
To cover stresses in the transitional area of shell-to-nozzle

juncture the strebssses at the locations A and C shall be
determined and limited in accordance with Figure 8.2-1.

The stresses due to internal pressure are determined as
follows:

Wall thickness ratio
Diameter ratio

d
ooq.JHm g

8.2-1
e (8.2-1)

The stress indices a shall be taken from the figures laid
down in Table 8.2-1 depending on the referred nozzle di-

ameter dam /y/dym -sy and the wall thickness ratio sa/sy.
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8.2.2.3 Method 2: Stress index method for total peak

stress due to internal pressure

The following dimensional ranges shall be adhered to:
dam <08

VGHm - S

b) Gum _ 400
SH

a)

c) 9am <05
de

Stress indices are defined as the respective numerical ratio of
the normal stress component under consideration or the
stress intensity (maximum total stress intensity incl. peak
stress F) to the mean circumferential stress (membrane hoop
stress) in the unpenetrated shell. The stress intensity values
and ranges determined by using stress indices shall be limited
in accordance with Section 7.

Nozzles in spherical shells and formed heads
Stress Inside Outside
Gy 2.0 2.0
o, -0.2 2.0
o, -4 - s /d; 0
S 2.2 2.0
Nozzles in cylindrical shells
Longitudinal plane Lateral plane
Stress Inside Outside Inside Outside
oy 3.1 1.2 1.0 21
Gy -0.2 1.0 -0.2 2.6
G, -2 -84 0 -2 - s/d; 0
3.3 1.2 1.2 26

Location Stress category Figure

A P 8.2-4
C P 8.2-5
A Inside PL+Q 8.2-6
C Inside PL+Q 8.2-7
A Outside PL+Q 8.2-8
C Outside PL+Q 8.2-9

Table 8.2-1: Assignment of stress indices o for

cylindrical shells

b) Radial nozzles in spherical shells
The following dimensional ratios shall be adhered to:
Diameter-to-wall thickness ratio 50 < dy/sy < 400
0.77 <sp/lsp<1.3

The stresses due to internal pressure are determined as
follows:

Wall thickness ratio

. Gbim p (8.2-2)
4. SH

The stress indices a shall be taken from the figures laid
down in Table 8.2-2 depending on the referred nozzle di-

G =a

ameter dan, //dym - Sy and the wall thickness ratio sa/sy.

Stress category Figure
P 8.2-10
PL+Q 8.2-11

Table 8.2-2: Assignment of stress indices o for
spherical shells

Table 8.2-3: Stress indices for nozzles

If the design conditions of clause 5.2.6 have been satisfied,
the stress indices of Table 8.2-3 may be used. These stress
indices deal only with the maximum stresses at certain nozzle
locations due to internal pressure. Often it is necessary to
consider the effects of stresses due to external loadings or
thermal stresses. In such cases, the total stress for each di-
rection of stress shall be determined by superposition.

For nozzles whose axes make an angle with the shell within
the limits of 5.2.6 the stress indices for tangential stress on the
inside shall be multiplied with the following values:

1+ 2. sinZp for hillside branches in cylinders or spheres
(non-radial connection),

1+ tan*3¢ for lateral branches in cylinders (lateral con-
nections).

8.2.2.4 Determination of stresses due to external loadings

by connected pipe

Suitable methods for determining stresses may be taken from
a) WRC Bulletin 297 [2]

and, if required, from

b) WRC Bulletin 107 [3] and

c) PD 5500:2000 [4], Annex G
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8.2.3  Superposition of stresses due to internal pressure

and external nozzle loads
(1) Design values and units relating to clause 8.2.3

Notation Design value Unit
p allowable working pressure MPa
pP-us |allowable pressure in transitional area MPa

of shell-to-nozzle juncture for a given

geometry and by utilisation of design

stress
Fax axial force in nozzle N
Fax zul *) N
F.- Fy |transverse forces in nozzle N
My bending moment on nozzle Nmm
Mbzu |¥) Nmm
M circumferential moment on nozzle Nmm
M, longitudinal moment on nozzle Nmm
M; torsional moment on nozzle Nmm
Mezu | Nmm

*) The index zul means allowable value if this loading alone is effec-
tive thus taking full use of the design stress.

(2) In the methods 1 and 2 the stress components resulting
from internal pressure shall be superposed on the stress com-
ponents resulting from external loads, and then the stress
intensity value or equivalent stress intensity range shall be

0.75 ‘
Location (A
Type of stress : local membrane (P|)
Direction : axial
0.50 SA/ SH =0.75_]
1.00

1/

_——

0.25

dam [ dm - SH ——

formed. The equivalent stress intensities or equivalent stress
ranges thus formed which result from internal pressure and
external loads due to connected piping shall be evidenced
separately, with regard to the service limits, taking the allowa-
ble limit values of Tables 6.7-1 or 7.7-4 into account.

(3) Where individual loadings act on the nozzle which are
smaller than the computed allowable limit loadings, these
individual loadings can be simplified and be superpositioned in
a conservative manner. The limit loading of nozzles and shell
under internal pressure is adhered to if the following condition
is satisfied:

a) nozzles in cylindrical shells:

p+FaX+Mb§1

Mb zul

(8.2-3)

Paus  Faxzul

b) nozzles in spherical shells:

p+FaX+Mb§1

Mb zul

(8.2-4)

Paus  Faxzul

where My, = \IM12 + MC2

For a) and b) the additional condition applies:

(8.2-5)

Flv Fc < Fax zul
Location A

Type of stress : local membrane ( P )
Direction : tangential

‘ 4 SA/SH= 0.75
1.00

5 _

2 e

1.20
1.30

\

\

dam /9 dHm -sH ——

Figure 8.2-4: Stress index o for nozzle in cylindrical shell subject to internal pressure

2
1
e 1.30
3
s\ 120
0 SA/ Sy = 0.75
Location :C 1.00
Type of stress : local membrane (P|)
Direction  axial
1.0 |
0 1 2 3 4

dam [ dhm S ——

0.5
\
\ 130
‘ 0 ~— 1.20
3 SA/ SH = 0.75
1.00
-0.5
Location :C
Type of stress : local membrane ( P )
Direction : tangential
1.0 |
0 1 2 3 4

dam /7 dHm -sH ——

Figure 8.2-5: Stress index o for nozzle in cylindrical shell subject to internal pressure
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8 |
Location . A internal fibre
Type of stress : local membrane plus bending ( P + Q)
Direction : tangential
Location . A internal fibre
Type of stress : local membrane plus bending (P + Q)
Direction - axial sp/ Sy =075
1.00
1 s 4
sp/ sH=0.75
1.00
© N Zh
0 — 1.30
1.20 2
1.30
-1 0
0 1 2 3 4 0 1 2 3 4
dam/y dm * S —— dam/y dHm + S ——
Figure 8.2-6: Stress index o for nozzle in cylindrical shell subject to internal pressure
1
—
—
1 0 \
—
1.30
%% s\ 1.20
0 130 3 -
1.20 1.00
3 100 SA/SH=0.75
SA[ SH = 0.75
-1 / -2
Location : C internal fibre Location : C internal fibre
Type of stress : local membrane plus bending (P + Q) Type of stress : local membrane plus bending (P + Q)
Direction : axial Direction : tangential
_2 ‘ _3 ‘
0 1 2 3 4 0 1 2 3 4
dam/y dm -85y —— dam /v dHm - sy ——

Figure 8.2-7: Stress index o for nozzle in cylindrical shell subject to internal pressure
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1

0.5

. A external fibre ‘

Location
Type of stress : local membrane plus bending (P + Q)
Direction : axial
— | 1.30
/_\ 1.20
7 1.00
SA/ SH = 0.75
1 2 3

dam /7 dHm -sH ——

6
Location : A external fibre
Type of stress : local membrane plus bending (P + Q)
Direction : tangential
4
SA[ SH= 0.75
1.00
1.20
1.30
2
//
—
0
0 1 2 3 4

Figure 8.2-8: Stress index o for nozzle in cylindrical shell subject to internal pressure

0.75

0.25

Location

| |
. C external fibre

Type of stress : local membrane plus bending ( P + Q)

Direction

: tangential

%g

.

1.30

1.20
sp/sH=075

dam/y dHm -sH ——

dam/y dHm -sSH —

15
Location : C external fibre
Type of stress : local membrane plus bending ( P, + Q)
Direction : axial
1
1.00 >/
/ 1.20
05+ == / 130
SA/SH= 0.75 /
/
0
0 1 2 3 4

Figure 8.2-9: Stress index o for nozzle in cylindrical shell subject to internal pressure

dam/Y 9Hm -SH ——



5 Local membrane stress (P )
A sp/sy=077
de/SH:400
: 200 %
100
2 / %0
3 /__/_455/
1
0
03 04 06 08 1 2 3
dam [ dhm -5 ——=
5
Local membrane stress (P )
sp/sy=1.00
4
de/SH=400
, 200
//
2 —
3 //;ﬁ// 100
50
1
0
03 04 06 08 1 2 3
dam [ dhm s ———=
5
Local membrane stress (P )
sp/sy=1.30
4
de/SH=400
3 200
——
=y 100
50
1
0
03 04 06 08 1 2 3

dAm /7 dHm -sH ——

Figure 8.2-10: Stress index o for nozzle in spherical shell
subject to internal pressure for P
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8
Local membrane plus bending stress (P + Q)
7+ splsy=0.77
6 de/SH =400
5 200
4
3 B 100
1
0
03 04 06 08 1 2 3 4
dam /[ dHm - SH —=
8
Local membrane plus bending stress (P + Q)
1 —— sp/sy=1.00
6
5 de/SH =400
4 200
3 Gl
) L— —
| T 100
1 50
0
03 04 06 08 1 2 3 4
dam [ dHim - SH ——=
8
Local membrane plus bending stress (P +Q)
7 — splsy=130
6
5 de/SH =400
4 200
3 —
2 | L 100
1 50
0
03 04 06 08 1 2 3 4

dAm /[ dHm -SH ——

Figure 8.2-11: Stress index a for nozzle in spherical shell

subject to internal pressure for P + Q
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8.2.4

The fatigue analysis shall be performed in accordance with Sec-

Fatigue analysis

tion 7.8.
8.2.5 Single-ply bellows expansion joints for pressure ves-
sels
8.2.5.1 Design values and units relating to clause 8.2.5
Notation Design value Unit
d, h, I, [dimensions in acc. with Figures 8.2-12 mm
rs and 8.2-13
f4 cyclic strength factor for welded joint in —
acc. with clause 8.2.5.4.2.5
fo factor for partial plastic deformation in —
acc. with clause 8.2.
fowy factor f, with C values for axial dis- —
fo, ) | Placement or deflection in acc. with
equation (8.2-17)
n shape factors —
n; number of cycles in individual cyclic —
stress range ,i”
p pressure of the respective loading cate- MPa
gory
Pkrs instability pressure MPa
Ap range of pressure cycles N/mm?2
w axial deformation of a bellows convolu- mm
tion
z number of bellows convolutions —
Cw axial working spring rate N/mm
Cw axial working spring rate for multi-ply N/mm
bellows
Ca angular working spring rate Nm/grd
C, angular working spring rate for multi-ply | Nm/grd
bellows
C, lateral working spring rate N/mm
(oY flexural rigidity due to lateral defor- Nm/mm
mation
D usage factor —
E modulus of elasticity N/mm?2
Et modulus of elasticity at the highest tem- | N/mm?2
perature of the considered load case
L overall length of bellows mm
M external torsional moment Nmm
N member of cycles to failure —
Nyl allowable number of cycles —
N; zul allowable number of cycles in individual —
cyclic range ,i“
Ricw) design factor for axial working spring —
rate acc. to Tables 2 to 13 of AD 2000-
Merkblatt B 13
Rp) design factor for pressure loading acc. to —
Tables 2 to 25 of AD 2000-Merkblatt B 13
Rpo.2 0.2 % proof stress N/mm?2
Ro1.0 1.0 % proof stress N/mm?2
Rp1.0r [ 1.0 % proof stress at temperature N/mm?2
Rpo21 [0.2 % proof stress of the connected —
piping at design temperature
S. safety factor for cyclic loading —
Sm design stress intensity factor in acc. N/mm?2

with Table 6.6-1

Notation Design value Unit
o angular deformation of a bellows convo- | degree
lution
A lateral extension in one direction of an m
expansion joint with one bellows or with
two bellows and intermediate pipe sec-
tion, measured from neutral (straight)
position, as per AD 2000-Merkblatt
B 13, Figure 6
Gum mean circumferential stress N/mm?2
Oy(p) maximum stress intensity due to inter- N/mm?2
nal or external pressure
SV(p) equivalent stress range due to pressure | N/mm?2
loading
OV(w) stress intensity due to axial movement N/mm?2
Ov(a,2) |Stress intensity due to angular rotation N/mm?2
or lateral deflection on the prerequisite
that only one bellows is installed
Acyges |total equivalent stress range acc. to N/mm?2
clause 8.2.5.4.2.3
T stress intensity due to torsion N/mm?2
At equivalent stress range due to torsion N/mm?2
8.2.5.2 General

(1) On the assumption that the expansion joints are de-
signed in accordance with clause 5.3.2.4 the procedures de-
scribed hereinafter for the dimensioning and component-
specific stress and fatigue analysis are permitted.

The procedures refer to the convoluted portion of the bellows.
For the cylindrical portion of the bellows with equal wall thick-
ness a specific verification may be waived if the cylindrical
portion does not exceed a length 1 = 0.5 - ,/s-dy /2 (also com-
pare Figure 5.3-2).

For the area beyond that portion the respective rules of this

Safety Standard regarding the connecting component shall
apply for stress classification and limitation.

(2) The following procedures apply to single-ply expansion
joint bellows with parallel-sidewall or lyra-shaped convolutions
(Figures 8.2-12 and 8.2-13) within the following limits:

3 < d/h < 100
0.1 < rh < 05
0.018 < s/h < 0.1
(3) The procedures consider bellows loaded by pressure,

forced movement (axial or lateral movements, angular rota-
tion) and additional external loads.

(4) Regarding the essential influences of cyclic loading, test
group A1 shall preferably be used for expansion joints. The
following requirements apply to test group A1.

(5) Suitable materials shall be selected to withstand corro-
sion; wall thickness allowances are not appropriate.

8.2.5.3
8.2.5.3.1

(1) Dimensioning shall be effected on the basis of the load-
ings and stress limits of the service condition (level 0) accord-
ing to clause 3.3.2 and in consideration of the loadings and
stress limits of the other service limits according to Section 3.3
insofar as they govern dimensioning.

(2) In this case the primary stresses of all service limits shall
be taken into account and be limited with respect to the allow-
able values of Table 6.7-1.

Dimensioning

General



| |
.

Figure 8.2-12: Parallel-sidewall convolution of bellows expan-
sion joint

Figure 8.2-13: Slightly lyra-shaped convolution of bellows
expansion joint (angle < 8°)

8.2.5.3.2  Calculation of the bellows against internal and

external pressure

A minimum wall thickness shall be fixed for dimensioning for

the purpose of fabrication and design, and its usability shall be

checked by means of the following conditions:

a) Mean circumferential stress due to pressure loading
(d+h)-1-p

= - 8.2-6
Oum 4-(114-r+h).s =" ( )

b) Maximum stress intensity due to pressure loading
Oy(p) = 10 - R(p) -p<n-S, (8.2-7)

For ferritic materials the shape factor is
n=155-2.8-10%.8S,,.

For austenitic materials the shape factor is
n=155-2,8-10%.S,,

if Rpp.2 governs the determination of the S, value and
n=1.55

if Rp1,0 governs the determination of the Sp,value in acc. with
Table 6.6-1.
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8.2.5.3.3 Consideration of additional external loads

Additional external loads (e.g. weight loads) shall not be consi-
dered if the requirements of clause 5.3.2.4 (4) have been met.

Otherwise, the resulting loadings and deformations shall be
considered in the calculation.

It shall be ensured that bellows deformations do not impair the
function of the expansion joint, component and support struc-
tures.

8.2.5.4
8.2.5.4.1

On the assumption that dimensioning was effected in acc. with
clause 8.2.5.3 the analysis of the mechanical behaviour of
expansion joint bellows is limited to a fatigue evaluation in acc.
with clause 8.2.5.4.2 as well as to a proof of stability in acc.
with clause 8.2.5.4.3.

Analysis of mechanical behaviour

General

8.2.5.4.2
8.2.5.4.21

Fatigue evaluation
General

The fatigue evaluation shall be performed taking into account
loadings of the service levels in accordance with Section 3.3
where relevant to fatigue.

8.2.5.4.2.2 Number of cycles to failure

(1) The expected number of cycles to failure N (until onset of

leakage) is obtained from:
3.45

E
N=|—T (8.2-8)
10- A0 yges- fy - f

(2) The allowable number of cycles N, is obtained from:
N

Ny = S_L (8.2-9)

(for N, > 10% may be taken N, = « for the calculation of the
usage factor)
with the safety factor for cyclic loading S = 5.0.

Where it is proved by own representative service life tests for
at least 25 geometrically comparable expansion joints showing
the same material behaviour and fabricated with the same
manufacturing process, that the number of pressure cycles N
according to equation (8.2-8) is obtained, a safety factor for
cyclic loading S. = 2.0 will suffice.

(3) In the case of stress cycles with variable amplitudes and
cycle numbers, new individual stress cycles relevant to fatigue
shall be formed (compare with clause 7.7.3.3 or also 8.4.6.3
(2)). The usage factors of these individual stress cycles shall
be accumulated according to the linear damage rule to form

D= <1 (8.2-10)
i zul
where n; is the cycle number in the respective individual stress

cycles and Nizul the allowable number of cycles.

8.2.5.4.2.3 Total equivalent stress range

(1) The total equivalent stress range Aocyges is formed in
accordance with clause 7.7.3.3 and considers the stresses
resulting from variable portions of the following loadings:

a) internal pressure,

b) axial, angular, lateral displacements,

c) torsional moments as far as design cannot prevent them
from being applied on the expansion joint.



KTA 3211.2 Page 48

(2) The total equivalent stress range Aoyges shall be calcu-
lated from the individual stress ranges (approach):

2
Ovges = \/(AG\/(p) + Aoy () +AGV(%}L)) +3-At? (8.2-11)

The individual stress ranges shall be determined as follows:
Aoy (p) stress range due to pressure

AGV P) =10- R(p) . Ap (82-12)
Aoy (w) stress range due to axial deformation
E
Aoy w) = 2.4 - 10 -TT-R(W) ‘W (8.2-13)

Aoy (4, 1) stress range due to angular rotation and/or lateral
deformation (only applicable if only one bellows is installed).

114 z-1 z
(8.2-14)
Stress range due to torsional moment
2- AM;
At = (8.2-15)
n-d?-s

(3) It shall be considered that the maximum wall thickness s
of the bellows (nominal wall thickness plus positive allowance)
is to be used when forming Ry, from Table 2-13 and Table
14-25 of AD 2000-Merkblatt B13.

8.2.5.4.24 Consideration of partial plastic cyclic defor-

mations

(1) Partial plastic cyclic deformations do not occur if the con-
dition

AGyges <9

Rot

has been satisfied. In this condition Acyges from equation
(8.2-11) shall be used. For Ry Rpo 1 or Ryq g7 shall be taken
depending on the value used for obtaining the S, value. In
this case f, = 1 for calculating the number of cycles to failure
acc. to equation (8.2-8) shall be taken.

(2) Partial plastic cyclic deformations shall be considered if
the condition

AGyges 59
Rpt
has been satisfied. In this case, f, shall be calculated from
A
fo=1+C |29 _51,01.B (8.2-16)
pT
where
B = max Gv(p) ;Gum
n.—pT Sm
1.2

with oyp) acc. to equation (8.2-7) and o,y acc. to equation

(8.2-6). The C values for axial displacement and deflection
shall be taken from Table 8.2-4.

C (bracketed values apply to deflection)
Bellows with | Bellows without circumferential
Material circumferential welds in highly loaded zone
group welds in highly strain hot formed or
loaded zone hardened normalised
Austenite 0.127 (0.101) | 0.105 (0.86) | 0.085 (0.067)
Ferrite 0.155 (0.127) | 0.155(0.127) | 0.133 (0.109)

Table 8.2-4: C values

(3) In the case of superposition of axial deformation, deflec-
tion and torsion Acyges - f2 is broken down as follows:

Ac
AGVges 'f2 = AGv(p) . V(w) + AG\/(W) ‘f2(W)
AGV(W) + AGV(OL,X)

) AGV((X)
P) AGV(W) + AGV(OL,X)

+[AGV( + GV(a,x)) : fz(a,x)]

12
2
+3-(ac Faw)) (8.2-17)

fow) @nd fo, ) are the respective factors f, with the corre-

sponding C values for axial displacement or deflection acc. to
equation (8.2-16).

8.2.5.4.2.5 Requirements for the calculation of the point of
maximum loading of the bellows, taking the cy-

clic strength of the weld into account
To determine the point of maximum loading the design factors
of Table 2 13 of AD 2000-Merkblatt B13 shall be used in con-
nection with the weld factor f1 = 1.0.
In addition it shall be checked, for the locations of welds men-
tioned hereinafter by means of the design factors of Table
14-25 of AD 2000-Merkblatt B13 in conjunction with a weld
factor f; = 2.0 whether the weld is relevant to fatigue consider-
ations. This additional requirement applies to welds

a) at the crest of the external knuckle
b) at the crest of the internal knuckle

c) at the bellows end as circumferential weld to the connect-
ing component if the cylindrical end between internal bel-
lows convolution and the weld is shorter than the greater

value of 3 -s,0.25 -4/s-d or 10 mm.

8.2.5.4.3  Proof of stability

The examination for proof of sufficient safety against instability
is made for column instability (squirm) by
2.1
Pkrs = H'Cw 23-p
Note:

The safety against in-plane squirm can be proved by the proce-
dure given in Section Ill, NC 3649 of the ASME Code.

(8.2-18)

8.2.54.4
8.2.5.4.41

Bellows spring rates shall be known to determine the forces at
the point of connection or to use them for static and dynamic
analysis for the expansion joint.

Spring rates

General

8.2.5.4.4.2
For axial movement the following spring rate may be used:
C,=0.15-10"%. Rew) (d+h)-E (8.2-19)

In the case of multi-convolute bellows the working spring rate
for axial movement is

Axial working spring rate

(8.2-20)
8.2.5.4.4.3 Angular working spring rate

For angular deflection the following spring rate may be used:
C,=22-10%.(d+2-h)y2-C, (8.2-21)



For multi-convolute bellows the angular working spring rate is

c, = C—Z‘* (8.2-22)

8.2.54.44
(1) Lateral movement of the expansion joint is only possible
if the bellows has at least two convolutions.

The lateral working spring rate is

2
(d+2-h)]" .cy, (8.2-23)
(z:1)?

(2) Deflection of the bellows due to lateral deformation can
also be due to maximum axial deformation. Then the working
spring rate is calculated as follows:
(d+2-n)%
7 ¢

z- w

Lateral working spring rate

Ck=1-5’

Cyo 7 =0.75-103 . (8.2-24)
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8.2.6  Heat exchanger tubesheets
8.2.6.1 Design values and units relating to clause 8.2.6
Notation Design value Unit
a, b, c, |values for determining the buckling mm
d, e length L (Figure 8.2-18)
d outside diameter of heat exchanger mm
tubes
dn tubehole diameter in tubesheet mm
e tubesheet thickness (exclusive of al- mm
lowances)
€Bieg wall thickness of tubesheet for design mm
against bending
eg shell thickness (nominal) mm
eschub | wall thickness of tubesheet for design mm
against shear
ey tube thickness (nominal) mm
fs pressure factor acc. to equation (8.2-40) —
ft pressure factor acc. to equation (8.2-41) —
p tubesheet design pressure acc. to MPa
clause 8.2.6.4
P4 shell side design pressure of heat ex- MPa
changer
P effective shell side design pressure for MPa
heat exchanger with fixed tubesheet
acc. to clause 8.2.6.5.1
[ tube side design pressure of heat ex- MPa
changer
P4 design pressure acc. to equation (8.2-43)| MPa
Ps design pressure acc. to equation (8.2-44)| MPa
(o effective tube side design pressure for MPa
heat exchanger with fixed tubesheet
acc. to clause 8.2.6.5.1
Pe equivalent (fictitious) pressure differen- MPa
tial due to restrained differential thermal
expansion of heat exchanger shell and
tubes acc. to clause 8.2.6.5.1
Ps shell-side effective design pressure MPa
pt tube-side effective design pressure MPa
r radius of gyration mm
C design factor —
D outside diameter of heat exchanger shell mm
Do diameter of outer tube limit circle mm

Notation Design value Unit
D4 diameter to which shell fluid pressure is mm
exerted
D, diameter to which tube fluid pressure is mm
exerted
D, effective pressurised diameter of ex- Nmm
pansion joint bellows
E, Es, |elastic modulus of tubesheet, shell and N/mm?2
E; tube material, respectively
F support factor for considering tubesheet —
clamping acc. to Figure 8.2-17
Fe factor for considering final tube expan- —
sion
Fq value for calculating equivalent pres- —
sures, where expansion joints are in-
stalled, acc. to equation (8.2-39)
Fr factor for considering the type of tube- —
to-tubesheet joint, acc. to Table 8.2-5
Fy factor for considering different mechani- —
cal properties
J strain factor for expansion joint, if in- —
stalled in the shell
J = 1.0 for shell without expansion joint
J= 1
1+(n-D-Eg-es-S)/L
for shell with expansion joint
K mean strain ratio, tube bundle/shell acc. —
to equation (8.2-38)
L tube length between inner faces of mm
tubesheets
Lk buckling length acc. to Figure 8.2-18 mm
N number of tubes for straight-tube heat —
exchangers
P tube pitch (spacing between centres) mm
Pm general primary membrane stress from N/mm?2
Table 6.7-1.
RpT proof stress at temperature N/mm?Z2
Rpo.21 | 0.2 % proof stress at temperature N/mm?2
S spring rate of expansion joint mm/N
Sm design stress intensity value acc. to N/mm?2
Table 6.6-1
as, oy | thermal expansion coefficient of shell 1/K
and tube material, respectively
A ligament efficiency of tubesheet in shear —
ligament efficiency of tubesheet in —
bending
v, V¥ Poisson's ratio for unperforated and —
perforated plate
oL tube longitudinal stress N/mm2
Gzl allowable stress N/mm?2
Toul allowable shear stress N/mm?2
Qg, ©; | mean shell or tube wall temperature °C
Q design stress factor —
8.2.6.2 Scope

(1) This clause contains the dimensioning and component-
specific stress analysis of heat exchanger tubesheets and
tubes in accordance with clause 5.3.2.3. A schematic repre-
sentation of the heat exchanger types considered herein with
welded-in (fixed) tubesheets is shown in Figure 8.2-14, where
the shells can be provided with an expansion joint or not. The
arrangement of tubes in the tubesheet is shown in Fig. 8.2-16.
The tube bundles either consist of straight or U-tubes.
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(2) The equations indicated are based on the following pre-
conditions:

a) The tubes and the shell are subjected to pressure and
temperature distributions.

b) All tubes have the same cross-sectional dimensions (nom-
inal wall thickness, nominal diameter).

c) For heat exchangers with two tubesheets, both tubesheets
shall have the same thickness.

d) The tubesheet shall have the same thickness over the full
array of tubes (tube field).

e) The tubesheet shall be uniformly tubed and the tubed area
shall be circular or approximately circular.

f) The unperformated (outer) rim of the tubesheet shall be
small enough to consider it like a ring (without considera-
ble cross-sectional deformation). Here, the following condi-
tion additionally applies:

D4, D, < =D + 6e.

g) The tubesheet thickness (less corrosion allowance) shall
not be less than

ga) 0.75 - tube outer diameter d for tubes with d <25 mm
gb) 22 mm for tubes with 25 mm <d <30 mm
gc) 25 mm for tubes with 30 mm < d <40 mm
gd) 30 mm for tubes with 40 mm <d <50 mm

(3) The strength of heat exchanger tubesheets which do not
satisfy the conditions of (2), shall be demonstrated separately.

(4) Where, in case of heat exchanger tubes to Figure 8.2-14,
configuration b, the tube-side pressure is higher than double
the shell-side pressure (p2 > 2 - p1), it shall be verified that the
shell is capable of withstanding the resulting axial force.

8.2.6.3
8.2.6.3.1

Characteristics of perforated plates
Ligament efficiency of plate

For tubes which are expanded for at least 60 % of the tube-
sheet depth or are explosion welded, the following applies:

=) = m (8.2-25)
P
For other tube-to-tubesheet joints the following applies:
p=A= P—d (8.2-26)
P
8.2.6.3.2 Effective elastic constant of perforated plate

The effective elastic constant v* of the perforated plate is
obtained from Figure 8.2-15, where distinction is made be-
tween thinner (e < 2 - P) and thicker (e > 2 - P) tubesheets.
The symbols O and A represent the tube pattern in the
tubesheet (see Figure 8.2-16).

8.2.6.4 Tubesheets for U-tube heat exchangers

The heat exchanger tubesheets shall be designed for a pres-
sure

P =p2- P (8.2-27)
Here, it must be taken into account that pressure alone will be
applied.

The minimum tubesheet wall thickness is the greater of the
two design values for bending or shear, respectively:

o 12
eBieg = C . DO . (—Q.H.qul]

p
AT

(8.2-28)

eschub = 0.155 - Dy - (8.2-29)

where
C=0433
Q=20

Tzul = 0.5- Gyl

For o, the value S, or S which depends on the test group
and is permissible for the general primary membrane stress
Pm (see Table 6.7-1) shall be taken.

8.2.6.5
8.2.6.5.1

Tubesheets for straight-tube heat exchangers
Minimum wall thickness of tubesheets

The minimum tubesheet wall thickness is the greater of the
values obtained from the calculations against bending or

shear:
N1 SN2
FD1| P4 .FD2| po
2 (o "2 |ouw

The F-values shall be determined in acc. with Figure 8.2-17.

€Bigg = Max (8.2-30)

esenyp = Max 0.155-D, - p4 ;0.155-D0-p2 (8.2-31)
“Tzul A Tl
(Ozyls T 2y S€€ Clause 8.2.6.3)
with
py =max|Ps—Pe.p " Pe (8.2-32)
2 2
and
p2' =max [% pt} , if ps' >0 (8.2-33)
or

p2' = max [m; pt' —pS’J , if pS' <0 (8.2-34)

2
There
2
0.4-J~[1.5+K-(1.5+fs)]—{(1_2dj-[?2— ﬂ
' 1
Ps =P1 T IKF) (8.2-35)
' 1404-JK-(1.5+f) )
Pt =P2 1+ JK-F,) (8.2-36)
and
= 4'J'Es'es'(as'®s_at'®t) -
Pe D-3eq) (1+J-K-Fy) (8.2-37)
with K = Es eq-(D-es) (8.3-38)

Ei-e¢-N-(d—ey)

1/4
3
Fq = max 1.0;0.25+(F—O.6)-[M-[&J }

K-L-E e

(8.2-39)
d 2

fg=1-N (D_] (8.2-40)

1
2

fi=1-N {(dﬁ—et)} (8.2-41)

2

Note:

The above formulae may lead to increasingly conservative
tubesheet thicknesses for shell diameters D4 > 1500 mm.
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Figure 8.2-14: Examples for usual heat exchanger types (schematic representation)
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Figure 8.2-15: Effective elastic constants of perforated plate

5oy 660
5 o° ®@€§@

rotated
square

triangular square

Figure 8.2-16: Tube pattern in tubesheet
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Figure 8.2-17: Determination of F-values

8.2.6.5.2 Longitudinal stress in heat exchanger tubes

For the considered load cases the tube longitudinal stress
shall be determined by

2
_ Fq 'th 'D2
oL

*TNe () (8.2-42)

where p{* is the greatest positive value (resulting in tensile
stresses) and the smallest negative value (resulting in com-
pressive stresses) to be determined by means of the following
terms:

Z- (psg + Pe - Ps)

9) Z(Pe - P5)

with

z = 1.0 if the algebraic sign of p{ is negative
z = 0.5 if the algebraic sign of p{ is positive
and

o f
Ps= (pt ——‘~sz (8.2-43)
Fq
A
Ps = [ps —Fi-m] (8.2-44)
q

8.2.6.6  Limitation of tube longitudinal stresses

Longitudinal tensile stresses shall be limited in accordance
with Table 6.7-1.

To avoid buckling of tubes in straight-tube heat exchangers
the compressive tube longitudinal stresses shall be limited as
follows:

2 .2
o < E B o< ke (8.2-45)
Lk r
or
o | < 3mY [ b ipes e (8.2-46)
2 2.r-C r
where

r =025 (d?+(d-2-¢,)

y =1.4 for ferritic tubes
y =1.1 for austenitic tubes

_ 222
Y-Sy
Lk = critical buckling length, see Figure 8.2-18
Sy, =in acc. with Table 6.6-1

8.2.6.7  Allowable tube joint end loads

The most frequently used tube-to-tubesheet joints are shown
in Table 8.2-5. To each joint a reliability factor F; is assigned.
The tube longitudinal stresses occurring shall satisfy the fol-
lowing conditions:

a) Jointsa,bandc

oL <oz - Fr (8.2-47)
b) Joints d, e and f
oL <Oy - Fe-Fr - Fy (8.2-48)

with o, as Py, value in acc. with Table 6.7-1, however not to
exceed Ry ot

F, factor acc. to Table 8.2-5
F. expansion factor
Fe = 1 for grooved holes or for explosion welded tube ends

otherwise:
_ _expanded tube length <
tube outside diameters ~

e



Rprof tube sheet material

y R, of tube material

in which case F, < 1 shall apply.

Details of the given design procedures may be taken from the
literature referred to hereinafter:

a) TEMA [5]

b) PD 5500: 2000 [4], chapter 3.9

c) ASME Code, Section VI, Division 1, Appendix AA [6].

L
~ k=7
Tubesheet
—— Baffle plates
a Lo = max |22 L)
o X 12 2
«©
Lx = max a b c)
e 2 2
o]
(45
kel a b
Ly = max —,—,c,d)
o] X 12 2
o]
[1+
© b
a
Ly =max|—= , — ,c,d,e)
i 2 2
(]
o)

Figure 8.2-18: Determination of buckling length Ly

Joint tube/tubesheet Fr
a) welded only
weld throat > tube thickness 0.80
b) welded only
weld throat < tube thickness 0.55
c) expanded and welded
weld throat < tube thickness 0.80
d) expanded and welded
weld throat < tube thickness 0.55
e) expanded only 0.50
f) explosion expanded/welded 0.80

Table 8.2-5: F, values for typical tube joints
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8.2.7 Consideration of external forces and moments in
pressure vessel walls
8.2.71 General

External forces and moments in pressure vessel walls shall be
taken into account by applying the methods of Section 6.1.

8.2.7.2 Horizontal vessels on saddles

The loadings in vessel longitudinal and circumferential direc-
tion shall be determined.

Note:

Suitable methods to calculate these loadings are e.g. given in Brit-
ish Standard 5500 (2000) ,Specification for unfired fusion welded
pressure vessels”, Annex G, and in AD 2000-Merkblatt S3/2.

8.2.7.3
8.2.7.3.1

Vessels with bracket supports
General

This clause serves to calculate vertical cylindrical vessels the
walls of which are subject to local loadings due to bracket
supports. The loadings due to radial forces F, transverse forc-
es Q, longitudinal moments My and circumferential moments
M, (Figure 8.2-19) are to be evaluated. These loadings shall
be distributed proportionally on the connecting plate.

Se Rm

7 1

Figure 8.2-19: Vessels with support brackets

8.2.7.3.2 Calculation methods

(1) Suitable methods for consideration of unit shear forces
and unit moments can be taken from:

a) WRC Bulletin 297 [2]

and if required, from

b) WRC Bulletin 107 [3] and

c) PD 5500:2000 [4], Annex G

d) AD 2000-Merkblatt S3/4

(2) The classification and limitation of stresses shall be
made in accordance with Section 7.7 and 7.8, respectively.

8.3 Pumps

8.3.1 Design values and units relating to Section 8.3
Notation Design value Unit
a outside radius mm
b inside radius mm
r radius mm
t plate thickness mm
w deflection of middle plane of plate mm
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Notation Design value Unit
Aj, Ag, |auxiliary values —
Ay, Ay,
Az
D plate stiffness Nmm
E modulus of elasticity N/mm?2
Ki, K4, |integration constants —
Ko, Ks,
K4
M bending moment Nmm
M, radial bending moment per unit length | Nmm/mm
M, tangential bending moment per unit Nmm/mm
length
Mt twisting moment per unit length Nmm/mm
Q radial shear force N/mm
Q tangential shear force N/mm
o angle of tangent at midplane of plate degree
v Poisson's ratio —
P radius of circle = r/a —
or radial bending stress N/mm?2
Gt tangential bending stress N/mm?2
T shear stress due to Q, N/mm?
Trt shear stress due to My N/mm?
7 shear stress due to Q N/mm?
() angle degree
g geometry constant ¥ = b/a —
8.3.2  Calculation of stresses and strains due to external

bending moments on circular flat plates

8.3.21 General

External bending moments on circular plates, here covers or
heads, that can be applied e.g. by connected piping result in
additional stresses and lead to unsymmetrical deflections from
the plane of the plate.

The calculation method described in this section is intended to
verify the dimensioning of covers or heads that has already
been effected for internal pressure and axial forces, if any, in
accordance with the pertinent rules. The results obtained by
the calculation shall be superposed on the results obtained for
internal pressure and axial force.

8.3.2.2
8.3.2.2.1

Calculation
General

The following equations are independent of the type of edge
support of the plate. For the edge conditions "clamped" and
"simply supported" the pertinent constants K; of Table 8.3-1
are given.

Table 8.3-1 also contains equations making a recursive calcu-
lation of the constants K; = f(¥) from the auxiliary values A;
possible. They may be taken for complete programming of the
formulae.

The equations hereinafter contain the Poisson's ratio as con-
stant v = 0.3 and apply to geometries within the range a - b < 3t.
The course of edge force due to bending moment M is shown
in Figure 8.3-1.

M
/T\
“%\ |
| 1
\ z
| b
/‘l\T/l_\
7/— ¥
Z T— U

Figure 8.3-1: Course of edge force due to bending moment M;
Design values

8.3.2.2.2  Calculation of unit moments and stresses

(1) The forces and moments per unit length can be deter-
mined for any point of the circular flat plate by means of the
following equations:

a) Radial bending moment
M, :—%- 6.6-K1-p+1.3-K3-l+1.4-K4-i3 -Ag-cosd
a p p
(8.3-1)
b) Tangential bending moment

M, =—%- 3.8~K1~p+1.3~K3~l+1.4~K4~i3 -Ag-cosd
a p p
(8.3-2)
c) Twisting moment
D 1 1 .
Mrt :—2' 1.46- K1'p—K4'—3 +O7K3— 'AO'S|n¢
a p p
(8.3-3)
d) Radial shear force
D 1
Q, :3—3- 8-K1—2-K3-p—2 A, -cosd (8.3-4)
e) Tangential shear force
D 1 .
Qtza—3~ 8-K1+2~K3-p—2 Ay -sing (8.3-5)
with the plate stiffness
43
D= E-t (8.3-6)



and the auxiliary value
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c) Shear stress due to M

Ag=- —— (8.3-7) = 8.3-10
TE-D-\UZ Trt t2 ( )
(2) These forces and moments result in the following d) Shear stress due to Q;
stresses: 6-
) T = 69 (8.3-11)
a) Bending stress due to M, t
6-M e) Shear stress due to Q
O == (8.3-8) ) 6.0 t
t 1=t (8.3-12)
b) Bending stress due to M; t
6-M, (3) The stress intensities shall be determined at the points
o= (8.3-9) | with @ = 0° and ® = 90° based on the stress theory of von
Mises or alternately on the theory of Tresca.
Clamping KilAj Formula 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
K4 7(K2 +K4) 0.001273| 0.005331| 0.012650| 0.023150| 0.035340| 0.046610| 0.054870| 0.059740
Ko %-K3 -2-Ky -0.001295]- 0.005662(- 0.014040|- 0.026300| - 0.039440] - 0.048220| - 0.048500(- 0.039470
’ A
! K3 A i\ - 0.002500(- 0.010000]- 0.022500]- 0.040000]- 0.062500|- 0.090000|- 0.122500{(- 0.160000
‘ 1°A3
* 1
| Ky TAn 0.000023| 0.000331| 0.001397| 0.003149| 0.004095( 0.001609(- 0.006375(- 0.020260
3
1.3 1.4 . .
Aj=-33-y+-—> Ap=66-y+—5 Ag—-t2. 3,3+2_27 _6,6_%
v vy A v v
K4 —(K2 +K4) 0.000488| 0.001894( 0.004066| 0.006792( 0.009848| 0.013030| 0.016190( 0.019220
Ko 6_16 . (1 3-Kz-5.2- K4) - 0.000511]- 0.002251(- 0.005791]|- 0.011920(- 0.021460]- 0.035160(- 0.053600(- 0.077200
A
! Ks 2 - 0.002500(- 0.010000]- 0.022500]- 0.040000]- 0.062500|- 0.090000(- 0.122500{(- 0.160000
5% R
7 | 7 1
K4 AL 0.000023| 0.000357| 0.001725| 0.005123| 0.011610( 0.022120(- 0.037410(- 0.057980
3
A1=—1.3-(\u—ij Ap =14 y-— Ag--D2. ~13-20 a1 L
v v A1 v v

Table 8.3-1: Formulae and values for the constants K; and the auxiliary values A;

8.3.2.2.3  Calculation of deflections

The deflections can be determined for any point of the circular
flat plate by means of the following equations:

a) The deflection of the plate midplane

w =[K1 p3 4Ky -p+Kg p-Inp+Ky -1J-A0 .cos ¢ (8.3-13)
p

b) The angle of slope of the tangent to the plate midplane

a:l~[3-K1 p2 +K, +K5 (1+1np)-K,, ~L2}~AO -cos¢
a p

(8.3-14)

with D and A from equations (8.3-6) and (8.3-7) as well as Ky,
Ky, K3 and K4 from Table 8.3-1.

8.3.3  Furnishing proof of functional capability
8.3.3.1  General
Note:

The proof of functional capability of the total system shall also
comprise verifications for internal parts, such as shafts, gaskets
and bearings as well as auxiliary and supply systems as well as

verifications of hydraulic and mechanical performance data. Inter-
actions with the pressure parts shall be taken into account. Such
verifications do not fall under the scope of this safety standard and
therefore shall be made in addition to the verifications for pres-
sure-retaining walls.

(1) This clause contains the requirements for pressure-
retaining casings which may be met regarding the functional
capability of safety-related pumps.

(2) The proof of functional capability of pressure-retaining
casings may be furnished, depending on the necessity and the
evaluable results obtained, by way of calculation or experi-
mental analysis or a combination of both methods.

(3) For pump casings this proof is usually furnished by func-
tional tests at the manufacturer's works or in the plant (com-
missioning). If required, verifications by calculation or analo-
gous considerations shall be made.

8.3.3.2
8.3.3.21

Verifications of functional capability by way of calculation shall
be made by means of a stress and/or strain analysis and, if
required, a stability analysis.

Verification by calculation

General
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8.3.3.2.2  Functional capability of the pump during the load
case

For those parts of the pump casing which are relevant to func-
tional capability the primary stresses resulting from the load-
ings during the load case shall be limited according to the
respective loading level, however, not beyond Level B. It shall
be checked whether a strain analysis is to be performed in
individual cases. The limitation of stresses may be omitted if it
is proved that deformations of casing parts resulting from the
loadings of the load case do not impair the functional capabil-
ity. This is met if e.g. sufficient clearances or cross-sections
are still available. In the case of fit-together parts between
which there is relative movement (e.g. casing wear ring),
short-time contact between the parts can be tolerated if wear-
resistant non-fretting combination of materials have been
selected.

8.3.3.2.3  Functional capability of the pump after occurrence

of the load case

For those pump casing parts being relevant to functional ca-
pability the primary stresses resulting from the loadings during
the load case shall be limited according to the respective load-
ing level, however, not beyond Level C. Where consistent
deformations (permanent set) occur it shall be verified that
they do not inadmissibly affect the functional capability.

8.3.3.3  Verification by experimental analysis

Verifications of functional capability by experimental analysis
shall, among other things, be made by a performance test on
the test bench or during commissioning of the plant under
special test conditions.

Prerequisite to the verification is that the results of the test
conditions can be fully transferred to the functional require-
ments, loadings and other boundary conditions occurring
during operation and accidents. Where not every boundary
condition is realised to a sufficiently exact extent the verifica-
tion by experimental analysis shall be supplemented by an
analytical analysis.

8.4  Valve bodies
8.4.1 Design values and units relating to Section 8.4
Notation Design value Unit
daa nominal outside diameter of valve in mm
Section A-A, excluding allowances
dar nominal outside diameter of connected mm
piping, excluding allowances
d; nominal inside diameter as per Figure mm
8.4-1
dia nominal inside diameter of valve in Sec- mm
tion A-A, excluding tolerances
dic valve body inside diameter as per Figure mm
8.4-5
dr nominal inside diameter of connected mm
piping, excluding tolerances
e effective length mm
f factor acc. to Table 8.4-4 —
h height according to Figure 8.4-3 mm
m, n material parameters according to Table —
7.8-1
p design pressure for design loading level MPa
0 or the respective internal pressure for
loading levels A and B

Notation Design value Unit
Ps internal pressure at the respective load MPa
case
Apyi full range of pressure fluctuations from MPa
normal operating to the considered con-
dition
Pfmax) |Maximum range of pressure fluctuations | MPa
Api
r mean radius in Section A-A according to mm
Figure 8.4-7
rp, r4 |fillet radius according to Figure 8.4-2 mm
rs radius according to Figure 8.4-3 mm
re fillet radius according to Figure 8.4-7 mm
SA wall thickness of branch mm
SAn wall thickness according to Figure 8.4-7 mm
SHn wall thickness according to Figure 8.4-7 mm
Sn wall thickness of valve (acc. to cl. 7.1.4) mm
in Section A-A according to Figures
8.4-4 and 8.4-5
Sne wall thickness according to Figure 8.4-5 mm
SR wall thickness of connected piping ac- mm
cording to Figure 8.4-4
A cross-sectional area of valve in Section mm?2
A-A acc. to Figures 8.4-4 and 8.4-5
Ap pressure loaded area mm?2
Ag effective cross-sectional area mm?2
C, stress index for oblique valves acc. to —
equation (8.4-14)
Cp stress index for bending stress acc. to —
equation (8.4-11)
C, stress index for secondary thermal —
stresses due to structural discontinuity in
acc. with Figure 8.4-10
Cs stress index for secondary stresses at —
locations of structural discontinuity due
to changes in fluid temperature in acc.
with Figure 8.4-8
Cy factor acc. to Figure 8.4-11 —
Cs stress index for thermal fatigue stress —
component acc. to Figure 8.4-12
Ce stress index for thermal stresses acc. to | N-mm#4
equation (8.4-30)
D usage factor —
Deq diameter of the largest circle that can be mm
drawn entirely within the wall at the
crotch region, as shown in Figure 8.4-7
Deo diameter of the largest circle that can be mm
drawn in an area of the crotch on either
side of a line bisecting the crotch
E modulus of elasticity at design tempera- | N/mm?2
ture
Fax axial force N
Fly axial force obtained from connected pip- N
ing
My bending moment Nmm
Mj, bending moment obtained from connect- | Nmm
ed piping
Mg resulting moment Nmm
M torsional moment Nmm
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Notation Design value Unit Notation Design value Unit
M; torsional moment obtained from con- Nmm ATy
nected piping ATe
N; allowable number of cycles — AT ) )
B f3 change in fluid temperature K
Nri specified number of cycles — ATy (range of temperature cycles)
Py primary bending stress according to Ta- | N/mm?2 AT,
ble 7.7-5 AT
Peb secondary stress from pipe reactions N/mm?2 W 3 5
ial ti dul t valve bod
Pep m | secondary stress from pipe loadings with | Nimm2 | | [FAma| 200 2E e Bae ot dtion |
full utilization of the allowable stress A-A in Figures 8.4-4 and 8.4-5 acc. to
Pl local membrane stress due to internal N/mm?2 equation (8.4-8)
pressure a.cc. to equation (8.4-5) Wgronr | axial section modulus of connected pip- mm3
Pm general primary membrane stress acc. to | N/mm?2 ing referring to the nominal dimension
Table 7.7-5 acc. to equation (8.4-7)
Q resulting transverse force N W, valve body section torsional modulus in mm3
Q’ transverse force from connected piping N Section A-A acc. to Figures 8.4-4 and
Q, sum of primary plus secondary stresses | N/mm?2 8.4-5 (Wi =2 - W for circular cross-sec-
resulting from internal pressure acc. to tion with constant wall thickness)
equation (8.4-13) o linear coefficient of thermal expansion at 1/K
Qry thermal stress component from N/mm2 design temperature
through-yvall temperature gradient asso- o acute angle between flow passage cen- grd
ciated with a fluid temperature change tre lines and bonnet (stem, cone) acc. to
rate <55 °K/ hr Figure 8.4-4
Qrs thermal secondary stress resulting from | N/mm? op stress resulting from bending moments | N/mm2
structural discontinuity according to . e .
equation (8.4-15) oL stress from loadings in direction of pipe N/mm?2
axis
Rt minimum tensile stress of connected N/mm?2 . . )
piping at design temperature ov stress intensity N/mm
Rpo.2t |0.2% proof stress of connected piping at | N/mm? Tamax | Stress resulting from transverse forces N/mm2
design temperature o stress resulting from torsional moment | N/mm2
S design stress intensity acc. to Table 6.6-1| N/mm?2
S one-half the value of cyclic stress range | N/mm?2
a 4 g 8.42 General
Sarmatur | design stress intensity S or Sy, for the N/mm2 ) ] )
valve body material at design tempera- (1) For vglves meeting all the requirements of this .clause,
ture in acc. with Table 6.6-1 the most.hlghly stressed portions of th_e quy undgr internal
S K st N/mm2 pressure is at the neck to flow passage junction and is charac-
i peak stress mm terized by circumferential tension normal to the plane of centre
Sm design stress intensity according to N/mm?2 lines, with the maximum value at the inside surface. The rules
clause 7.7.3.4 of clause 8.4.3 are intended to control the general primary
S, sum of primary plus secondary stress N/mm?2 membrane stress in the crotch region.
intensities for one load cycle (2) In the crotch region, the maximum primary membrane
Sn(max) | maximum range of primary plus secondary| N/mm2 stress is to be determined by the pressure area method in
stresses according to equation (8.4-32) accordance with the rules of clause 8.4.3. The procedure is
Sp1 general stress intensity at inside surface | N/mm?2 illustrated in Figure 8.4-1.
(crotch region) of body (3) The P, value calculated in accordance with clause 8.4.3
Sp2 general stress intensity at outside sur-| N/mm2 will normally be the highest value of body general primary
face (crotch region) of body membrane stress for all normal valve types with typical wall
Sr design stress intensity acc. to Table 8.4-1| N/mmz2 proportioning, whereas in regions other than the crotch unusual
Sron | design stress intensity S or S, for mate- | N/mm?2 boqy configurations shqll be reviewed for possible higher stress
. L . regions. Suspected regions are to be checked by the pressure
rial for connected piping at design tem- area method applied to the particular local body contours
perature in acc. with Table 6.6-1 ’
T design temperature K (4) The use of the methods of component-speci.fic stress
. analysis described in clauses 8.4.4 and 8.4.5 necessitates that
Tpe1  |temperature acc. to Figure 8.4-6 K the requirements set forth in clause 8.4.3 regarding the evalu-
Tsn temperature acc. to Figure 8.4-6 K ation of primary membrane stress due to internal pressure are
AT maximum magnitude of the difference in K satisfied.
wall temperatures for walls of thicknesses (5) The stress analysis of valve bodies usually is performed
(De1, sp) resulting from 55 °K/hr fluid tem- in accordance with the methods of clause 8.4.4 or 8.4.5. Load-
perature change rate acc. to Figure 8.4-9 ings resulting from connected pipe are to be generally consid-
AT; fluid temperature change ered (i.e. by using the maximum possible bending moment of
. ) L the connected piping).
ATy fluid temperature change in Section i K
. . . (6) Clause 8.4.6 may be applied alternately or if the condi-
ATf(max) | maximum change in fluid temperature K tions of clause 8.4.4 or 8.4.5 have not been satisfied.
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Figure 8.4-1: Pressure area method

8.4.3  Primary membrane stress due to internal pressure

(1) From a drawing to scale of the valve body, depicting the
finished section of the crotch region in the mutual plane of the
bonnet and flow passage centre lines, determine the fluid
(load-bearing) area A, and the effective cross-sectional (met-
al) area A;. A, and A; are to be based on the internal surface

of the body after complete loss of metal assigned to corrosion
allowance.

(2) Calculate the crotch general membrane stress intensity
as follows:

Pn=(A /A, +0.5)p< S, (8.4-1)
The design stress intensity S, shall be taken from Table 6.6-1.

(3) The distances ey and e, which provide bounds on the fluid
and metal areas are determined as follows; see Figure 8.4-1:

ey = max. {O.S-di -Sp; SH} (8.4-2)
ep =0.5-1,+0.354s, -(d; +54) (8.4-3)

In establishing appropriate values for the above parameters,
some judgement may be required if the valve body is irregular
as it is for globe valves and others with nonsymmetric shapes.
In such cases, the internal boundaries of Ap shall be the lines
that trace the greatest widths of internal wetted surfaces per-
pendicular to the plane of the stem and pipe ends (see Figure
8.4-1, sketches b, d and e).

(4) If the calculated boundaries for A, and A, as defined by
e, and ey, fall beyond the valve body (Figure 8.4-1, sketch b,
see also Figure A 4.1-8), the body surface becomes the
proper boundary for establishing Ay and Ag. No credit is to be
taken for any area of connected piping which may be included
within the limits of e, and ey. If the flange is included in Ag, no
credit will be taken for the flange area, too.

(5) Web or fin-like extensions of the valve body are to be
credited to A; only to an effective length from the wall equal to
the average thickness of the credited portion. The remaining
web area is to be added to A, (Figure 8.4-1, sketch b). In
addition, the web area credited to A; shall satisfy the following
condition: A line perpendicular to the plane of the stem and
pipe ends from any points in A, does not break out of the
wetted surface but passes through a continuum of metal until
it breaks through the outer surface of the body.

(6) In the case of normal valve body configurations, it is
expected that the portions defined by Ag in the illustrations of
Figure 8.4-1 will be most highly stressed. However, in the
case of highly irregular valve bodies, it is recommended that
all sections of the crotch be checked to ensure that the largest
value of P, has been established considering both open and
fully closed conditions.

8.4.4

(1) This method shall only be applied if the following geo-
metric conditions are satisfied:

General stress analysis for test group A1

a) radiusr,>0.3 - s,

0.05-s,
0.1-h

c) radius rg <r, is permitted

b) radius r3 Zmax.{

d) the edges must be chamfered or trimmed.

The radii r, and r4 are shown in Figure 8.4-2 for the various
types of fillet radii. r3 and h are explained in Figure 8.4-3. s,
is the nominal wall thickness according to clause 7.1.4 and
Figure 8.4-4.

(2) It shall be checked by means of equation (8.4-4) whether
the range of allowable primary membrane plus bending
stresses in loading levels A and B is not exceeded.

P+ Pep< 1.5 Spy (8.4-4)
Pp _1.5-("L+0.5] p-C, (8.4-5)
2-s,

with
C, acc. to equation (8.4-14)
Pep acc. to equation (8.4-6).



Figure 8.4-2: Fillets and corners

Figure 8.4-3: Acceptable ring grooves

(3) For the purpose of verifying the stress portions resulting
from unit shear forces and unit moments of the connected
piping, bending stresses in the governing sections acc. to
Figures 8.4-4 and 8.4-5 shall be evaluated as essential stress
components.

(4) The bending stresses are determined from:
_ Cp - Wronr -Sr

Pep (8.4-6)
¢ WArmatur
with
4 4
n-\d —d;
Wiopy = ——28———R 8.4-7
Rohr 32-dn (8.4-7)
! 4 4)
n-\d —d;
Warmatur = =221 " A (8.4-8)
where the following condition must be satisfied:
WArmatur = WRohr (8-4'9)

(6) For valve bodies with conical hub acc. to Figure 8.4-5
the Section A-A shall be taken in consideration of the die-out
length e. Here, the following applies:

e=05. 9 e
2

(8.4-10)
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with d; and s, according to Figure 8.4-5.

(6) The stress index value Cy, is determined as follows:
2

Cp = max 0.335.(LJ3; 1.0

Sn

(8.4-11)

with r and s,, according to Figures 8.4-4 and 8.4-5.

(7) The Sg value in equation (8.4-6) refers to the material of
the connected piping. The values of Table 8.4-1 shall be taken.

(8) No greater loadings on the valve shall be considered
than are allowed by the stress intensity level in the piping
system. Provided that the same pipe materials, same diame-
ters and section moduli of the valve are considered by the
design and the valve itself does not constitute an anchor, the
valve body side with the smallest section modulus of the con-
nected piping shall govern the maximum loading of the valve.
Otherwise, both sides of the valve body shall be assessed to
determine the maximum possible loading.

a :7 Te < 7
*i . % J.K

7r>
dian Sp T

dia Sn

dia Sn

s dig |
Al Z
. e
- l 2
w I ), L
: A

Figure 8.4-5: Critical section at conical valve bodies
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Composite materials
Pipe Valve Pipe Valve
Ferrite Ferritic steel forging Austenite Austenitic steel forging
Loading level Ferrite Ferritic cast steel Austenite Ferritic steel forging
Ferrite Austenitic steel forging Austenite Austenitic cast steel
Ferrite Austenitic cast steel Austenite Ferritic cast steel
SR SR
0 Rpo.2t 1.35 - Ryo2T
A Rpo.2t 1.35 - Rpo.o1
B Rpo.2t 1.35 - Rpo.o1
C 1.2 - Rpoot 1.62 - Ry o1
D min.{1 6-Rpo.z1 min.{z'16 ‘Rpor
RmT mT
RpO.ZT , Rm : design strength values of connected piping at design temperature

Table 8.4-1: List of limit values for Sg to be used in the analysis (equation 8.4-6) of the connected piping for composite materi-

als of piping and valve

(9) For equation (8.4-6) the allowable stresses in the various
loading levels acc. to Table 8.4-2 shall be adhered to. When
using Table 8.4-2, the following design requirements apply:

a) dia < dg (see Figure 8.4-5)
b) s,<sg
c) In the case of corner valves it shall be verified that the

nozzles do not influence each other; this verification is not
required for prismatic body geometries.

The design stress intensity S, shall be taken from Table 6.6-1.

Loading level Allowable value for Pg,
A 1.5- 8,
B 158,
C 18-S,
D 248,

Table 8.4-2: Allowable stress in the body resulting from pipe
loadings

(10) For the calculation of the sum of primary and secondary
stresses in Levels A and B the following applies:

Sn=Qp + Pgp + 2 Qrg (8.4-12)
Q, = 3.0.[;“\ +0.5J-p~ca1 (8.4-13)
“On
where
Ca=0.2+ .0'8 (8.4-14)
S|na1

o4 angle between flow passage centre lines in valve body and
bonnet (spindle, cone) acc. to Figure 8.4-4

Pep shall be inserted acc. to equation (8.4-6).
dia and s, shall be taken from Figures 8.4-4 and 8.4-5.
Qg3 is determined as follows:
Qr3=E-a-C3-AT (8.4-15)

Dg4 and Dg, shall be determined by means of a detail sketch
with reference to the original drawing at a suitable scale.

Tpet Ts

De1
Sn

n

AT" = (Tpes - Tsn)
Figure 8.4-6: Determination of AT"

(11) For the loading Levels C and D the following applies:
Sn=Pip *+ Pep (8.4-16)

Py, is determined from equation (8.4-5); for p the respective
internal pressure of Level C or D shall be used.

(12) In the individual loading levels the stress intensity values
acc. to Table 8.4-3 shall not be exceeded in equations (8.4-12)
and (8.4-16). The design stress intensity S, shall be taken
from Table 6.6-1.

Loading level Allowable S, value
Forged steel Cast steel
A 3-Sn 4.8,
B 3-Sh 4.8,
Cc 2.25- S, 3-Sm
D 3-8y 4.8,

Table 8.4-3: Allowable stress intensities for the sum of pri-
mary plus secondary stresses in the valve body

(13) The verification for loading levels C and D shall only be
made if the respective requirement has been fixed in the com-
ponent-specific documents.

(14) Valve and piping system may be classified into different
loading levels for specific load cases (see component-specific
document). In such a case the Sg value for equation (8.4-6)
shall be taken with respect to the loading level of the system
(see Table 8.4-1).



(15) The verification with the equations (8.4-1) to (8.4-16) is
only permitted if for all load cases the allowable stress intensi-
ty level is not exceeded in the connected piping.

(16) Where pipe rupture is assumed and no anchor is provid-
ed between valve and location of rupture, the calculation of
the valve body shall be made with the effective or with conser-
vatively assumed pipe unit shear forces and unit moments if
valve integrity or functional capability is required by the com-
ponent-specific document.

8.4.5

(1) If the following conditions are satisfied, the stress is
deemed to be verified:

General stress analysis for test groups A2 and A3

S
WArmatur 211 ——Rohr_ 'WRohr (8-4'17)
Armatur
and
WArmatur 215- WRohr (8-4'1 8)

(2) Equations (8.4-17) and (8.4-18) shall apply to cover all
loading levels. Where the valve and piping system are classi-
fied into differing loading levels in the case of specific load
cases (see component-specific documents), Wronr shall be
multiplied with the factor f in equation (8.4-17) in accordance
with Table 8.4-4.

Loading level ;
Pipe Valve
D B 1.6
D C 1.33
C B 1.2

Table 8.4-4: Determination of factor f

(3) Where pipe rupture is assumed and no anchor is provid-
ed between valve and location of rupture, equation (8.4-23)
shall be satisfied by adherence to the stress intensity limit for
Pm +Pp according to Table 6.7-1 allowable in this case if valve
integrity or functional capability is required by the component-
specific document.

In addition, the stress S, of equation (8.4-16) according to
Table 8.4-3 shall be limited for this case, and the value of oy
according to equation (8.4-23) shall be taken for Pg, in equa-
tion (8.4-16).

The allowable stress intensities shall be determined by using
S instead of Sy,.

(4) The stress analysis may also be made in accordance
with clause 8.4.4 alternatively to the method described here in
which case S shall be further used in lieu of Sy,,.

8.4.6 Detailed stress analysis with unit shear forces and

unit moments obtained from the calculated connected

piping
(1) The verification according to this clause is only required
if, in the general stress analysis to clauses 8.4.3 or 8.4.4, the
allowable stress limit is exceeded or the required condition
cannot be satisfied in any case. It is applicable to valves of
test groups A1, A2 and A3 in which case the geometric condi-
tions in accordance with clause 8.4.4 (1) and the design re-
quirements to sub-clause 8.4.4 (9) shall also be satisfied.
Load cases and superposition of loads shall be taken from the
component-specific documents.

(2) From the calculation of the connected piping the follow-
ing forces and moments are obtained which act on the two
points of attachment of the valve for the various load cases:
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a) axial forces Fax
b) transverse forces Q’
c) bending moments Mp
d) torsional moments Mt

In accordance with the superposition rule F,,, Q, My and M
shall be determined for each loading level and the stress
components shall be calculated from the unit shear forces and
unit moments from the connected piping as follows:

Stress resulting from loadings in the direction of pipe axis:

o =Jea e Fax (8.4-19)
4-s, A
Stress resulting from transverse forces:
2.Q
T =— 8.4-20
amax A ( )
Stress resulting from bending moments:
op = %-Cb (8.4-21)
Wa
Stress resulting from torsional moment:
T = My (8.4-22)
Wi

When determining A, W, and W, it shall be taken into account
that the wall thickness at the valve body inside is to be re-
duced by the wear allowance.

(8) These individual stresses are simplified to form a stress
intensity on the assumption that the maximum stresses all
occur simultaneously:

G:(G+G)2+3"C +12
v L T % amax Tt

(4) For equation (8.4-23) the stress intensity limit values for
Pm + Py according to Table 6.7-1 shall be adhered to in the
various loading levels and test groups.

(8.4-23)

The design stress intensities S, and S shall be determined in
accordance with Table 6.6-1.

(5) The primary and secondary stresses shall be determined
in accordance with clause 8.4.4 if the valve has been classi-
fied into test group A1.

Here the stress intensity oy determined according to equation
(8.4-23) shall be taken for Pg, in equations (8.4-12) and
(8.4-16).

For S, the allowable stress intensity values according to Table
8.4-3 then apply.

(6) Where at the time of calculation the valve design has
already been made and the unit shear forces and unit mo-
ments obtained from the calculation of the connected piping
are not yet available they may be fixed as follows:

a) From equations (8.4-12) or (8.4-16) for S, a value Pgp max
is obtained for each individual loading level if the allowable
stress is fully utilized.

b) Where this value (Pgp max) €xceeds the allowable stress

intensity for equation (8.4-23), P¢p max Shall be reduced to
obtain this value.

c) Taking:
OL=0p =2 (Tamax * ) (8.4-24)
and
o =Tt = GTb (8.4-25)
and
ov < Peb max (8.4-26)
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the following is obtained:

P
Gy, =0 =—Sbmax. (8.4-27)

J5

d) With these values the stress intensity oy according to
equation (8.3-23) shall be determined, and the reliability of
this value shall be checked.

e) Where the allowable stress intensity value is adhered to,
Fax, Q. My and M; can be determined directly from the val-
ues in subclause c). Otherwise, the individual stresses in
subclause c) shall be reduced uniformly until the allowable
stress intensity value is no more exceeded.

These unit shear forces and unit moments then shall not be
exceeded within the calculation of the connected piping or
varied only such that they do not lead to a higher loading of
the valves. In addition, it shall be taken into account whether,
with respect to the classification of the valve according to the
component-specific documents, a classification into another
loading level and thus a reclassification of the unit shear forc-
es and unit moments may be required to perform a verification
of the functional capability by way of calculation.

8.4.7 Fatigue analysis
8.4.71  General

A fatigue analysis shall be made for all valves exceeding
DN 50 in test groups A1 and A2 with the specified number of
load cycles - to be at least 1000 - . A fatigue analysis for test
group A3 shall be waived.
Note:
The fatigue analysis methods described hereinafter are so con-
servative that stress intensifications for valve bodies with multiple
external contours are covered by the examination of the critical
section according to Figure 8.4-7.

8.4.7.2  General fatigue evaluation

General fatigue evaluation shall be made for loading Levels A
and B in accordance with the methods described hereinafter
and shall replace the fatigue analysis according to clause
8.4.7.3 or Section 7.8 if the resulting number of load cycles is
greater than the specified number of cycles, however, is
greater than 2000.

The maximum total stresses S,1 on the body inside and Sy,
on the body outside can be determined by assuming a fluid
temperature change rate not exceeding 55 K/hr as follows:

2 P,
Sp1 Zg‘Qp +%b+QT3 +1,3‘QT1 (84-28)
sz =04- Qp + Peb +2- QT3 (84-29)
with
Q1 =Cg-(Desf (8.4-30)
1.3-Qrq stress component from non-linear temperature
distribution
Cs stress index for thermal stresses

4.06 - 10-3 N/mm# for austenitic material
1.07 . 10°3 N/mm* for ferritic material

With the larger value of Sp4 and S, taken as S, the allowable
number of load cycles is obtained from the fatigue curves
according to Figures 7.8-1, 7.8-2 or 7.8-3 where it shall be
taken into account that the difference between the elastic
modulus from the curves and that of the valve materials at
design temperature is to be considered. The S, value shall be
multiplied with the ratio of E (curve)/E (valve) at design tem-
perature.

Sa

N

2N

De1 = diameter of the largest circle which can be drawn en-
tirely within the wall at the crotch region

De2 = diameter of the largest circle which can be drawn in an
area of the crotch on either side of a line bisecting the

crotch

For De1 < sp the following applies: De1 = sn

Figure 8.4-7:

Model for determining secondary stresses in
valve bodies (crotch region)



8.4.7.3
Note:

The procedure outlined hereinafter can lead to non-conservative
results at temperature change rates exceeding 10 K/min.

Detailed fatigue analysis

(1) To perform a detailed fatigue analysis the pressure
changes Aps and temperature changes ATy with the pertinent
number N, shall be determined for all specified load cycles
resulting from operational loadings.

(2) If both heating or cooling effects are expected at fluid
temperature change rates exceeding 55 K/hr, the temperature
range associated with the pertinent number of cycles per load
case each shall be determined assuming e.g. the following
variations:
Example:

20 variations AT = 250 K heating

10 variations AT, = 150 K cooling

100 variations ATj3 100 K cooling

Lump the ranges of variation so as to produce the greatest
temperature differences possible:

10 cycles Ty =150 K+ 250 K =400 K
=250 K+ 100 K=350 K
=100 K

10 cycles T¢,
90 cycles Ti3

(3) Pressure fluctuations not excluded by the condition in
subclause a) hereinafter are to be included in the calculation
of the peak stresses. The full range of pressure fluctuations
from normal operating condition to the condition under consid-
eration shall be represented by Aps.

During the fatigue analysis the following load variations or load
cycles need not be considered:

a) pressure variations less than 1/3 of the design pressure for
ferritic materials,

pressure variations less than 1/2 of the design pressure for
austenitic materials,

b) temperature variations less than 17 K,

c) accident or maloperation cycles expected to occur less
than five times (total) during the expected valve life,

d) start-up and shutdown cycles with temperature change
rates not exceeding 55 K/hr at a number of load cycles n
not exceeding 2000.

(4) For the greatest pressure fluctuations max Apg = APgmax)
and temperature changes max AT; = ATfmay) the following
equation must be satisfied:

<3S, for forging steel
<4.S,, for cast steel
(8.4-31)

Qp'@ +E- OL'CZ'C4'ATf (max){

where Q, shall be determined by equation (8.4-13).

The factors C, and C4 shall be taken from Figures 8.4-10 and
8.4-11, respectively. The design stress intensity S, shall be
determined according to Table 6.6-1.

(8)  Snhmax) shall be determined as follows:

APf(max)

Snmax) = Qp- +E-a-Cy-Cq ATyag  (8.4-32)

Stress index C3 shall be taken from Figure 8.4-8.

Equation (8.4-32) for S, max) can be calculated separately for
each load cycle. Here Aps and ATy are then inserted.

(6) The peak stresses S; shall be calculated as follows:

4 Apyi

S, :§~Qp-—+E-a~(C3-C4+C5)-ATﬁ (8.4-33)
p

Cs shall be taken from Figure 8.4-12.

KTA 3211.2 Page 63

2.0
" _—"Tr1s,=100
1.6 //
/r/sn:16/
14
/ _—"ris,=8
1.2 // - —
r/s,=4
S " // "
08 ;/ // — i
0.6 4
04
1 2 3 4 5 6 7 8
Dezlsn

Figure 8.4-8: Stress index for secondary stresses resulting
from structural discontinuity due to fluid temper-
ature changes

(7) The half-value of the cyclic stress range S, for determin-
ing the allowable number of cycles N; shall be calculated as
follows:

a) for Spmax) <3 Sy

sa:% (8.4-34)
b) for3 - Sy < Spmay <3 -m- Sy
1-n S S
S. = |1 N[ _°n _q||.20 8.4-35
@ {+n(m—1) (3~sm H 2 ( )

Here, the value of S,y or the value S, determined sep-
arately for each load cycle may be used in lieu of S,,. Where
in individual load cycles S, does not exceed 3 - S, the

method of subclause a) shall be applied. The material pa-
rameters m and n shall be taken from Table 7.8-2.
¢) for Spmax)>3-m- Sy
1S
@ n 2
For cast steel the value of 3-S,, shall be substituted by
4 - S, in the conditions of subclauses a) to c).

The allowable numbers of load cycles N; shall be taken from
the fatigue curves in Figures 7.8-1, 7.8-2 or 7.8-3 where it
shall be taken into account that the difference between the
elastic modulus from the curves and that of the valve material
at allowable operating temperature (design temperature) are
considered.

The S, value shall be multiplied with the ratio E (curve)/
E (valve) at allowable operating temperature (design tempera-
ture).

(8.4-36)

(8) The fatigue usage (usage factor) D shall be determined
as follows:
D= Z%s 1.0 (8.4-37)
i
where N; is the allowable number of load cycles and N,; the
specified number of cycles according to the compo-
nent-specific documents.
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Where a reduction of fatigue strength due to fluid effects can-
not be excluded, then the following measures shall be taken at
a threshold for cumulative damage of D = 0.4 to ensure con-
sideration of fluid influence on the fatigue behaviour:

a) the components considered shall be included in a monitor-
ing program to KTA 3211.4, or

b) experiments simulating operating conditions shall be per-
formed, or

c) verifications by calculation shall be made in due considera-
tion of fluid-effected reduction factors and realistic bounda-
ry conditions.

8.4.8

Where the allowable limit values are exceeded when applying
the clauses 8.4.4 to 8.4.7 the verification may also be made in
accordance with Section 7.7 and 7.8, if required.

Other methods of stress and fatigue analysis
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Figure 8.4-9: Maximum temperature difference in valve body (area Dg4/s,), associated with a fluid temperature change rate

of 565 K/hr
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Figure 8.4-10: Stress index C, for secondary thermal stress-
es resulting from structural discontinuity
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Deq and s, resulting from a step change in flu-

id temperature AT

KTA 3211.2 Page 65

14 T 11T
Austenite
— -
19 a3s | Ferrite
L~
LA <
1.0 o
0.8
/// /
S 06 /
//
//
0.4
0.2
0
Det [mm]  ———

Figure 8.4-12: Stress index Cg for consideration of thermal
fatigue stresses resulting from through-wall
temperature gradients caused by step change
in fluid temperature

8.5
8.5.1

(1) Prerequisite to the application of the component-specific
stress and fatigue analysis outlined hereinafter is the design of
piping components as per clause 5.3.5 and the dimensioning
of the piping components in accordance with Annex A 5.

Piping systems
General

(2) For piping of test group A1 the stress and fatigue analy-
sis according to clause 8.5.2 shall be made. For piping of test
group A2 and A3 the stress and fatigue analysis according to
clause 8.5.3 shall be made.

(3) The range of application extends to the tube-side effec-
tive length ea (see Figure A 5-14) of the reinforced or unrein-
forced nozzle. This limit is not relevant to the modelling of the
system analysis according to clause 7.6.2.

(4) The analysis of the mechanical behaviour of the total
system shall be used to determine the directional components
of forces and moments of the system in which case the ther-
mal expansion load cases shall be calculated with the modu-
lus of elasticity for the operating temperature. The thermal
expansion stresses shall be converted to form a ratio Ex/Ew
which is then used to evaluate the various piping elements.
When determining stresses the internal pressure shall also be
considered in addition to the forces and moments obtained
from the analysis of the mechanical behaviour, and additional-
ly for test group A1, the axial and radial temperature distribu-
tions.

(5) In lieu of the verifications by calculation for piping sys-
tems also standardized pipe laying procedures meeting the
requirements of this Safety Standard may be used.

(6) For induction bends meeting the dimensional require-
ments of KTA 3211.3, sub-clause 9.3.3.4 (5) a) (standard
induction bend), the design wall thickness for induction bends,
Sc,8, Which considers the notch (wall thickness increase at
bend intrados) is derived from the relation sc,8 = sc - fis, where
the factor fis is to be determined as a function of Rm/da from
Figure 8.5-1. Where the wall thickness ratios Rm/da exceeds
3.5, the influence of notches may be negligible if the specifica-
tions of Figure 9-1 of KTA 3211.3 are satisfied.
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fis =4/fiBi fiB,a

1.25 For induction bends to KTA 3211.3, Figure 9-1 the
following applies:

R -1.24
fig; =0.9091+1.202 - (d_mJ

o 120 N

= \ 5

5

S R

£ 415 AN for:1.5<—M <2 = 0.8925

3 N d,

g \\ fIB,a = R R

e ~_ for:2<—m <3.5=0.021-—™ +0.8505
2 110 N d, d,

§ \“\ fgi: Il thick i factor at intrad
.-‘c: \ IB,i - wa ICKNesSS Increase tactor at intrados
s 105 — fio .+ wall thick duction factor at extrad
= —{ fip.a: wall thickness reduction factor at extrados

Approximation equation:

3 2
15 1.7 1.9 2.1 2.3 25 2.7 29 3.1 3.3 35 fIB=’O-O197'[R7m] +O.1892»[R—"‘J —0.6434-(R—m]+1.8134
Rn/d, 4, 4, 4,

1.00

Figure 8.5-1: Wall thickness increase factor for fis for standard induction bends

8.5.2  Piping of test group A1 Notation Design value Unit
8.5.2.1 Design values and units relating to clause 8.5.2 i
amy
Notation Design value Unit iamz o ,
- - - : stress indices for pipe bends under mo-
Cy wall thickness reduction due to chemical or| mm ltoy ment loading -
mechanical wear itz
dy outside diameter at large end of reducer mm itz
acc. to Figure 8.5-5 K fexibility fact
d, outside diameter at small end of reducer mm ex! ' ' y factor . o
acc. to Figure 8.5-5 kn flexibility factor for deformation due to —
. ; . normal force
da pipe outside diameter mm . :
N . . . kq flexibility factor for deformation due to —
d, maximum outside diameter of cross- mm transverse force
section - .
- o . . . kTt flexibility factor for deformation due to —
d, minimum outside diameter of cross-section| mm torsional moment
dan nominal outside diameter of pipe mm Ky flexibility factor for bending along axis x —
of nominal inside diameter of pipe mm K, flexibility factor for bending along axis z —
dj inside diameter at location | mm | second moment of area mm#
din nominal inside diameter of pipe mm m,n material parameters acc. to Table 7.8-2 —
dir inside diameter at location r mm p maximum value of pressure in the load MPa
dm diameter acc. to cl. 8.5.2.8.3.4.4 (4) mm cycle under cor'!S|derat|on )
daa outside diameter of branch mm Po range of operating pressure fluctuations MPa
. . r radius mm
daj inside diameter of branch mm . . . )
q i ter of b h ry, I, r3 [transition radii in accordance with Figures mm
Am mean diameter of branc mm 8.5-5 and 8.5-7
dua outside diameter of run pipe mm o mean radius mm
dni inside diameter of run pipe mm . . . o
) ) S, maximum wall thickness of transitional mm
dHm mean diameter of run pipe mm zone for wall thickness transitions
dra outside diameter of branch pipe mm S wall thickness at large end of reducer mm
dri inside diameter of branch pipe mm Sp wall thickness at small end of reducer mm
drm mean diameter of branch pipe mm - . . .
. . So1, Sg2  [Minimum wall thickness for the straight pipgg mm
h design value acc. to equations 8.5-34 and — acc. to Figure 8.5-5
8.5-37 . .
) Lo S| wall thickness at location | mm
i stress indices — . .
iq io, stress indices for pipe bends under internal| — Sr wall thickness  at location r mm
i,is pressure Sm wall thickness acc. to cl. 8.5.2.8.3.4.4(4) mm
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Notation Design value Unit Notation Design value Unit
Sc wall thickness without cladding acc. to mm Fia factor for considering out-of-round cross- —
clause 7.1.4 or measured wall thickness sections at stress index K4
minus corrosion allowance and cladding; Fib factor for considering local out-of-roundness| —
In the case of pipe bends with wall thick- at stress index K
ness increase at the intrados exceeding | t of inertia of b h b 4
15 %, credit shall be taken for the material R moment or Inertia ot branch pipe mm
notch by using the average value, and in K peak stress index —
the case of induction bends, the geometric Ky peak stress index for internal pressure -
average from the smallest and greatest loading
wall thickness at the centre of bend as . .
design wall thickness sc. In the case of Kz peak stress index for moment loading -
indugtion bends meeting the dimensional Ks peak stress index for thermal loading —
requirements of KTA 3211.3, sub-clause o
9.3.3.4 (5) a) (standard induction bends), Ke plastification factor —
the requirements of sub-clause 8.5.1 (6) Koa peak stress index for branch due to mo- —
Sh design value for wall thickness mm Kon peak stress index for run pipe due to mo- —
SAc wall thickness of branch mm ment loading
SHc wall thickness of run pipe mm L4 length of cylindrical portion at the large end| mm
N . . of a reducer
SA equivalent wall thickness for branch con- mm o .
nection Lo length of cylindrical portion at the small mm
. . . . end of a reducer
SH equivalent wall thickness for run connection | mm )
| desi | Lm length according to cl. 8.5.2.8.3.4.4 (4) mm
X gengra esign value . o M material factor in equation (8.5-17) —
X4 design value acc. to equation (8.5-62) — . .
) i M4, My, |range of moment loading components in Nmm
X2 design value acc. to equation (8.5-63) — M directions 1, 2, 3 resulting from the load
X3 design value acc. to equation (8.5-64) — case combinations under consideration
X4 design value acc. to equation (8.5-65) — M1, moments on branch Nmm
XK design value acc. to equation (8.5-73) — mzA’
y general design value — 3A .
. . My, moments on run pipe Nmm
B primary stress index — M
B4 primary stress index for internal pressure — 2H
loading Man .
B, primary stress index for moment loading — Ma result!ng moment on the brancfh Nmm
Boa primary stress index for branch due to — My resulting moment on the run pipe Nmm
moment loading My bending moment Nmm
Boy primary stress index for run pipe due to — M; resulting moment due to mechanical loads | Nmm
moment loading in equation (8.5-1)
C primary plus secondary stress index — M maximum range of resulting moments in Nmm
(oF primary plus secondary stress index due to| — equation (8.5-2)
internal pressure loading M maximum range of resulting moments in Nmm
Cy primary plus secondary stress index due to| — equation (8.5-3)
moment loading Miv maximum range of moments due to re- Nmm
Cs stress index for thermal loading _ strained thermal expansion and cyclic
. . thermal anchor and intermediate anchor
Cy stress index for thermal loading — movements in equation (8.5-4)
Cs stress index acc. to equation (8.5-5) — My maximum range of moments accounting | Nmm
Con primary plus secondary stress index for — for moments M;; and M, without M)y, in
branch due to moment loading equation (8.5-6)
Con primary plus secondary stress index for run| — M torsional moment Nmm
c p'ﬁ: due to m(;mengload;]ng y oM torsional moment acc. to Figure 8.5-8 Nmm
X stiffness regarding branch bending mo- N/mm . .
ment along axis x My bend!ng moment acc. to F!gure 8..5-8 Nmm
C, stiffness regarding branch bending mo- N/mm?2 M, bending moment acc. to Figure Bild 8.5-8 Nmm
ment along axis z Rpo2r 0.2 % proof stress at temperature N/mm?2
D allowable usage factor — Rpo.2pT |0.2 % proof stress at test temperature N/mm?2
E modulus of elasticity N/mm? S, one-half the allowable equivalent stress N/mm?2
Ex modulus of elasticity for cold condition N/mm?2 intensity range
E average modulus of elasticity of the two N/mm2 | | |Sm design stress intensity value acc. to Table | N/mm?2
sides r and | of a structural discontinuity 6.6-1
or material discontinuity at room tempera- T temperature K
ture T minimum temperature at the considered K
Ey modulus of elasticity for hot condition N/mm? load cycle
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Notation Design value Unit Notation Design value Unit
T maximum temperature at the considered K ON nominal stress N/mm?2
load cycle on (M) |nominal stress due to bending moment N/mm2
Tk(y) temperature at d?stance y from midthick- K loading M,
ness to point of time t = k on (p) nominal stress due to internal pressure N/mm?2
Ti(y) temperature aF distapce y frqm midthick- K loading p
ness to the point of time t = j o primary stress intensity N/mm?
T average temperature through the wall K . . 2
thickness s to the point of time t = j oy equwalent stress range resulting from N/mm
primary and secondary stresses
Tk average temperature t.hrough the wall K o equivalent stress range resulting from N/mm?2
thickness s to the point of time t = k primary and secondary stresses as well as
Ty average wall temperature on the side | of a K peak stresses
Tk str_uctural dlscc_)ntlnu[ty or mgterlal disconti- o equivalent stress range resulting from N/mm2
nuity to the point of time t = j,k secondary stress
Ty average wall temperature on the siderofa| K oy equivalent stress range resulting from N/mm?2
Tenrk str_uctural dlscc_)ntlnu[ty or mgterlal disconti- primary and secondary membrane and
nuity to the point of time t = j,k bending stresses
AT range of temperature difference K oy equivalent stress range acc. to equation N/mm?2
AT4 range of temperature difference between K (8.5-7)
the temperature of the qutglde surface and . shear stress N/mm2
the temperature on the inside surface of h t tsin ci f tial 2
the piping product assuming moment gen- Tat Tta  |S Zar; rlejls ccz_mponen s in circumferential | N/mm
erating linear temperature distribution and axial direction ,
AT  |portion of T1 at point of time t = j,k K ™ nominal shear stress N/mm
ATy TN (My) nomitnlal Zhear stress due to torsional mo- | N/mm?2
ment loadin
AT, range of temperature difference for the por- K le at I 9 f to Fi 8.5-8|d
tion of non-linear temperature distributions ¢ angltla at circumierence acc.. 0 Figure ©.5- egree
ATo,  |range of non-linear portion of temperature K v auxiliary value acc. to equation (8.5-61) _
ATy distributions on the outside/inside
AT(y) temperature distribution range for location y K 8.5.2.2 General
ATy, temperature distribution range on the out- K (1)  When applying the component-specific design method in
AT; side/inside accordance with this clause, clause 7.7.2.3 shall be taken into
AT average temperature distribution range as K account with regard to the classification of stresses from re-
m : .
difference between the average tempera- strained thermal expansions.
tures T,k and Ty (2) Where the design stress intensity or allowable usage
AT range of average temperature on side | of K factor is exceeded when applying the component-specific
gross structural discontinuity or material method according to clause 8.5.2, it is additionally permitted to
discontinuity perform a detailed stress analysis in accordance with Section
ATy range of average temperature on side r of K 7.7 or, if required, a fatigue analysis in accordance with Sec-
gross structural discontinuity or material tion 7.8.
discontinuity Note:
W section modulus mm3 The stress values oy to oy, given in Section 8.5 as stress intensi-
. . . ty or equivalent stress range do no exactly correspond to the re-
Zp, Zy  |auxiliary values in equations (8.5-40) to mm3 spective definitions of clause 7.7.3, but are conservative evalua-
(8.5-42) tions of the respective stress intensity or equivalent stress range.
o linear coefficient of thermal expansion at 1/K
room temperature 8.5.2.3  Design condition (Level 0)
oy, O linear coefficient of thermal expansion on 1/K ) ) ) ) N
side r, | of a structural discontinuity or ma- Except for a single straight pipe, the following conditions apply
terial discontinuity at room temperature to the determination and limitation of the primary stress inten-
o allowable average misalignment of butt mm sity:
welds acc. to Figure 8.5-3 o =By da-p +B, .d_a.M” <15.S, (8.5-1)
84 offset at large end of a reducer mm 2-s. 21
87 offset at small end of a reducer mm where
. . . 2
A auxiliary value acc. to equation (8.5-60) — ol primary stress intensity N/mm
Poisson's ratio — B1, B2 stress indices, see clause 8.5.2.8 —
nominal stress due to loading N/mm?2 Sm design stress intensity acc. to Table 6.6-1  N/mm?2
Ca stress component in axial direction N/mm?2 at design temperature
e ideally elastic stress, stress intensity or N/mm2]|| P design pressure MPa
equivalent stress range due to loading dg pipe outside diameter mm
Gt stress component in circumferential direc- | N/mm? where either d, = d ,, or
tion dy=dip+2s.+2cy
or stress component in radial direction N/mm?2 shall be taken (see Section 6.5)



S¢ wall thickness without cladding acc. to
clause 7.1.4 or measured wall thickness
minus corrosion allowance and cladding;
in the case of pipe bends with wall thick-
ness increase at the intrados exceeding
15 %, credit shall be taken for the material
notch by using the average value, and in
the case of induction bends, the geometric
average from the smallest and greatest
wall thickness at the centre of bend as
design wall thickness sc. In the case of
induction bends meeting the dimensional
requirements of KTA 3211.3, sub-clause
9.3.3.4 (5) a) (standard induction bends),
the requirements of sub-clause 8.5.1 (6)
shall be met.

| plane moment of inertia

M; resulting moment due to design mecha- Nmm
nical loads; in the combination of loads, all
directional moment components in the
same direction shall be combined before
determining the resultant moment (mo-
ments resulting from different load cases
that cannot occur simultaneously need not
be used in calculating the resultant mo-
ment). If the method of analysis of dynam-
ic loads is such that only magnitudes with
relative algebraic signs are obtained, that
combination of directional moment com-
ponents shall be used leading to the
greatest resultant moment.

8.5.24
8.5.2.4.1

Level A and B
General

(1) For each load case, directional moment components
shall be determined which always refer to a reference condi-
tion. The same applies to load cases under internal pressure
and temperature differences.

(2) Where a verification of primary stresses according clause
3.3.3.3 is required for Level B, the primary stress intensity
shall be determined according to equation (8.5-1) and be
limited to the smaller value of 1.8 - Sy, and 1.5 Rypor in
which case p is the operating pressure of the respective load
case. If the maximum internal pressure exceeds 1.1 times the
design pressure, the primary stress intensity resulting from the
circumferential stress due to internal pressure p shall be lim-
ited according to Table 7.7-4 by means of the formulae of
Annex A in due consideration of the pertinent design stress
intensity to Level B.

8.56.2.4.2 Determination and limitation of the primary plus

secondary stress intensity range

The application of the equations given in this clause results in
the equivalent stress intensity range where the stresses are
caused by operational transients occurring due to changes in
mechanical or thermal loadings. Cold-spring, if any, need not
be considered. The following condition shall normally be satis-
fied, otherwise clause 8.5.2.4.4 shall apply:

d, - d
o) =Cqp- -2 Po s cp oo My +

2-s 21
(8.5-2)
+C3 ‘Er| Oy ‘ATmr -y ‘ATm| < 38m
where
o) primary plus secondary stress intensity N/mm?2
range
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ds, s seeclause 8.5.2.3
| second moment of area

Cq,Cy,

mm*
stress indices, see clause 8.5.2.8 —

MPa

N/mm?2

Po range of operating pressure fluctuations

Eq average modulus of elasticity of the two
sides r and | of a gross structural discon-
tinuity or a material discontinuity at room
temperature

linear coefficient of thermal expansion on
side r(l) of a gross structural disconti-
nuity or a material discontinuity at room
temperature
resultant range of moments
In the combination of moments from load
sets, all directional moment components
in the same direction shall be combined
before determining the resultant mo-
ment. Here that combination of plant
service conditions of Level A and B shall
be selected resulting in the greatest val-
ues of M. If a combination of loadings
includes the effects of dynamic loads it
shall be based on that range of the two
following ranges of moments which re-
sults in higher values for My;:

- the resultant range of moments due to
the combination of all loads of two ser-
vice conditions of Level A and B,
where one-half range of the dynamic
loads shall be considered

- the resultant range of dynamic loads
alone in which case credit shall be
taken for portions of the moments re-
sulting from restraints due to different
movement of buildings which may im-
pair the pipe run.

Loadings resulting from thermal stratifi-

cation shall also be considered.

Weight effects need not be considered in

equation (8.5-2) since they are

non-cyclic in character.

Sm design stress intensity according to Ta-

ble 6.6-1 at the temperature:

T=025-T +075- T

1K

Ap, O

Mill Nmm

N/mm?

ATpor range of average temperature on side r
(ATm) (1) of gross structural discontinuity or ma-

terial discontinuity (see clause 8.5.2.4.6).
8.5.2.4.3 Determination of primary plus secondary plus

peak stress intensity range

The stress intensity range oy, resulting from primary plus sec-
ondary plus peak stresses shall be calculated according to
equation (8.5-3) and is intended to determine the stress inten-
sity range oy, according to equation (8.5-7). Credit shall also
be taken in a suitable manner for loadings resulting from
thermal stratification.

Note:
Reference literature [7] contains a proposal for considering ther-
mal stratification.
d,-p d 1
oy =Kq-C1—224K,.Cp =2 M, K3 -E-o|ATy|+
=ty T, a2 2.(-v) 3 | 1|

K3~C3~Er|-ar-ATmr—oc|-ATm||+—11 EG|AT2|
-V
(8.5-3)
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where

o stress intensity range resulting from N/mm?2
primary plus secondary stresses and
peak stresses

da, Sl Po,

Er|,onr(ou|) see clause 8.5.2.4.2

ATmr(ATm|)J

Mii=Miy see clause 8.5.2.4.2

C4,C,,C3
see clause 8.5.2.8

K4, Ks,Kg

AT4, AT,  seeclause 8.5.2.4.6

o linear coefficient of thermal expansion  1/K
at room temperature

E modulus of elasticity at room tempera-  N/mm?
ture

v Poisson's ratio (= 0.3) —

8.56.2.4.4 Simplified elastic-plastic analysis

8.5.2.441 Conditions

Where the limitation of the stress intensity range given in
equation (8.5-2) cannot be satisfied for one or several pairs of
load sets, the alternative conditions of a), b) and c) hereinafter
shall be satisfied:

a) Limit of secondary stress intensity range:

d
o = Ca 5% My <3S (8.5-4)
where
o\ secondary stress intensity range N/mm?2
Cy, d,. | seeclause 8.5.2.4.2
Miv greatest range of moments due to N/mm
loadings resulting from restraint to
thermal expansion and cyclic thermal
anchor and intermediate anchor
movement; credit shall also be taken
for loadings resulting from thermal
stratification
S design stress intensity according to N/mm?2

Table 6.6-1 at the temperature:
T=025-T +075- T

b) Limitation of thermal stress ratcheting
The temperature difference AT4 according to clause
8.5.2.4.6 shall satisfy the following relation:
Y-Rpo2r
0.7-E-a
Here, in dependence of
_ P-dy
2-s¢ ‘Rpo.21

ATy < (8.5-5)

the following values for y apply:

X y
0.3 3.33
0.5 2.0
0.7 1.2
0.8 0.8
Intermediate values shall be subject to straight interpolation.
where
p maximum pressure for the set of oper- MPa

ating conditions under consideration

Cs = 1.1 for ferritic steels, 1.3 for austenitic —
steels
o, E  as defined for equation (8.5-2)

0.2 % proof stress at average fluid tem-  N/mm?2
perature of the transients under consid-

eration

Rpo.2T

c) Limitation of stress intensity range resulting from primary
plus secondary membrane and bending stresses:
The stress intensity range resulting from primary plus
secondary membrane and bending stresses without stress
components from moments due to restrained thermal ex-
pansion in the system shall be limited according to equa-
tion (8.5-6).

Po -da da -My
O =C1‘ +Cz‘ +C4‘E|‘
v 2-s, 2. r
loty - ATpe — ATy < 3-8, (8.5-6)
where
oy stress intensity range resulting from  N/mm?2

primary plus secondary membrane
and bending stresses

C4, Cy, C4 seeclause 8.5.2.8
POvda
SH
En. o
(cu)
ATor
(ATo)
Miv

see clause 8.5.2.4.2

Range of moments M;;; without M;;y for  Nmm
the considered operating conditions; if
M;, was formed as the range of mo-
ments of the dynamic loads of one
operating condition, half the range of
the dynamic load portion of M;;, shall
be taken to form M,

Sm design stress intensity according to
Table 6.6-1 at the temperature:

T=025-T +075- T

N/mm?

8.5.2.4.4.2 Stress intensity range oy,

With the primary plus secondary plus peak stress intensity
range calculated according to equation (8.5-3) for all pairs of
load sets an increased stress intensity range oy, compared to
o), can be determined:

oy =Ke oy (8.5-7)
where
Gy equivalent stress intensity range N/mm?2
Ke plastification factor —

The magnitude of K, depends on the value of the stress inten-
sity range o) according to equation (8.5-2) and is obtained,
e.g. by means of the following relationship:

a) G||S3'Sm Ke=1

(1=n)

n~(m—1)](32m _1]

where the material parameters m and n can be used up to the
temperature T (see Table 7.8-2).

b) 3-Sp<oy<3-m-Sy Kg= 1+[

S|

C) G||23‘m‘sm Ke:



Ke values not determined according to b) or c¢) shall be sub-
stantiated by way of calculation or by experimental analysis or
be taken from literature. Its applicability shall be proved.

8.5.2.4.5
8.5.2.4.5.1

Fatigue analysis

Detailed determination of the calculative usage
factor

The stress intensity ranges o), obtained from equation (8.5-3)
or the stress intensity ranges ov| obtained from equation
(8.5-7) shall be used for the determination of the usage factor
according to Section 7.8, where S, equals o) /2 or oy/2
(Sa = one-half the stress intensity). For this purpose, the fa-
tigue curves from Figures 7.8-1 to 7.8-3 shall be used as
basis.

8.5.2.4.5.2 Conservative determination of the usage factor

(1)  Within the component-specific method for the determina-
tion and evaluation of stresses the fatigue analysis may be
performed in accordance with the following procedure. This
method shall be used for a conservative evaluation of a com-
ponent. Where upon application of this method the allowable
usage factor D is not exceeded, no detailed fatigue analysis
need be performed.

(2) The stress intensity range 2 - S, = oy, or oy, (see clause
8.5.2.4.3 or 8.5.2.4.4) shall be determined by means of equa-
tion (8.5-3) if the stress intensity defined hereinafter is used for
the respective loadings:

a) As stress intensity range for internal pressure the respec-
tive greatest pressure differences of the load case combi-
nations under consideration shall be taken.

b) As stress intensity range of the directional moment compo-
nents M, the greatest range of resulting moments of the
load case combinations under consideration shall be taken.

Here, My shall be determined as follows:

iy = M7 +M3 +M3 (8.5-8)

Mq 53 range of moments of directions 1, 2, 3 from the
load case combinations under consideration

c) As stress intensity range of the stresses resulting from
temperature differences (ATq, AT - AT, ATo) the differ-
ence of the largest and smallest values (considering the
relative algebraic signs) shall be taken for the load case
combination under consideration. This also applies to
stresses resulting from the absolute value of the difference
of the products [o - ATy, — oy - ATy,

d) As a conservative approach the number of all load cycles
shall be accumulated (cumulative damage) to define the
number of load cycles to be used. The allowable number
of load cycles can be determined by means of Figures
7.8-1 t0 7.8-3.

(3) The cumulative usage factor D is found to be the ratio of

the actual number of cycles to the allowable number of cycles

thus determined. Where the usage factor is less than 1, this

location of the piping system need not be evaluated further.

Where a reduction of fatigue strength due to fluid effects can-

not be excluded, then the following measures shall be taken at

a threshold for cumulative damage of D = 0.4 to ensure con-

sideration of fluid influence on the fatigue behaviour:

a) the components considered shall be included in a monitor-
ing program to KTA 3211.4, or

b) experiments simulating operating conditions shall be per-
formed, or

c) verifications by calculation shall be made in due considera-
tion of fluid-effected reduction factors and realistic bounda-
ry conditions.
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8.5.2.4.6 Determination of the ranges of temperature

differences

(1) The determination of the ranges of temperature differ-
ences ATm, AT1 and AT2 shall be based on the actual temper-
ature distribution through the wall thickness sc to the relevant
points of time under consideration. They may be subject to
time and location-dependent considerations.

(2) The range of temperature distribution AT(y) for location y
is found to read:

AT(y) = Ti(y) - Ti(y)
with
y radial position in the wall, measured positive outward
from the mid-thickness position
-5/2<y<s /2

(8.5-9)

Tj(y) temperature, as a function of radial position y from
mid-thickness to point of time where t = j

Tk(y) temperature, as a function of radial position y from
mid-thickness to point of time where t = k

(3) The full temperature distribution range is composed of
three parts as shown in Figure 8.5-2. Index a refers to the
outside and index i to the inside.
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Figure 8.5-2: Decomposition of temperature distribution range
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(4) For the determination of the pertinent stress ranges the
following relationships apply:

a) Average range AT, as temperature difference between the
average temperatures Ty and Ty

1 Sc /f
ATp=— | Tk(Y)—Tj(Y)]dy
Sc -s¢ /2
1 sc/2
T jAT(y)dy =Tk = Tmyj (8.5-10)
Sc -s¢/2
with
Tmj, Tmk  average value of temperature through wall

thickness s, at point of time where t = j, k

ATm may be used to determine the range of moments M;
resulting from restraint to thermal expansion in the system.

The relationship (8.5-10) with the respective indices also
applies to the ranges of average wall temperatures on
sides r, | of a structural discontinuity or material disconti-
nuity.

ATmr = Tmrk - Tmrj

at point of time where t = j, k
AT = Tk = Ty

These magnitudes may be inserted in equations (8.5-2)
and (8.5-3). For cylindrical shapes Tpg, Tmi at point of
time where t = j, k shall normally be averaged over a length
of (dir - sy)""2 and Tppjj, Tk Over a length of (d; - s))"2.

Here, d;; (d;) is the inside diameter on side r(l) of a struc-
tural discontinuity or material discontinuity, and s; (s)) the
average wall thickness on a length of (d;..s,)"2 or (d; . )"

b) Range AT; of the temperature difference between the
temperature on the outside surface and the temperature
on the inside surface, assuming moment generating
equivalent linear temperature distribution

s = 2. scjlszf )Ty by

c -sg/2

(8.5-11)

c) Range AT2 for that portion of the non-linear thermal gradi-
ent through the wall thickness

|ATY|
ATZa = |ATa - ATm| —T
|ATY|
AT, =max.J ATy = [AT,— AT, - (8.5-12)
0
8.5.25 LevelP

(1) The test conditions for Level P loadings shall be evaluat-
ed in correspondence with the requirements of clause 3.3.3.6.

(2) The stresses shall be determined by means of equation
(8.5-1) and limited to 1.35 - Rpo.2pT. Only if the load cycles
exceed the number of ten, the stresses shall be determined by
means of equation (8.5-3), and credit shall be taken of the
pertinent load cycles as portion of the total accumulative dam-
age of the material in the fatigue analysis.

8.5.2.6 Levels C and D service limits

(1) For the evaluation of Level C and D loadings the require-
ments of clauses 3.3.3.4 and 3.3.3.5 respectively apply.

(2) For Level C the primary stresses are calculated by means
of equation (8.5-1), but are safeguarded with 2.25 - S, and

shall not exceed 1.8 - Rpo.2T. Here, for p the respective pres-
sure shall be taken. Where the maximum internal pressure
exceeds 1.5 times the design pressure, the primary intensity
stress, which is due to the circumferential stress caused by
the internal pressure p, shall be limited in accordance with
Table 7.7-4 by means of the formulae of Annex A in due con-
sideration of the pertinent design stress intensity to Level C.

(3) For Level D the primary stresses are calculated by
means of (8.5-1), but are safeguarded with the smaller value
of 3 - Sy, and 2 - Rpo.21. Here, for p the respective pressure
shall be taken. Where the maximum internal pressure exceeds
2 times the design pressure, the primary stress intensity,
which is due to the circumferential stress caused by the inter-
nal pressure, shall be limited in accordance with Table 7.7-4
by means of the formulae of Annex A in due consideration of
the pertinent design stress intensity to Level D.

8.5.2.7 Loading levels of special load cases

When performing strength calculations Section 3.1 shall be
considered. The primary stresses according to equation
(8.5-1) shall be limited such that the piping and components
are not damaged.

8.5.2.8
8.5.2.8.1

Stress indices

General

(1) The applicable stress indices (B, C and K values) to be
used in equations (8.5-1) to (8.5-4) and (8.5-6) of this Section
are indicated in Table 8.5-1.

(2) Table 8.5-1 contains stress indices for some commonly
used piping products and joints. Where specific data exist,
lower stress indices than those given in Table 8.5-1 may be
used.

(3) For piping products not covered by Table 8.5-1 or for
which the given requirements are not met, stress indices shall
be established by experimental analysis or theoretical analysis.

(4) Stress indices may also be established by means of
other rules, guidelines and standards.

8.5.2.8.2  Definition of stress indices

(1) The general definition of a stress index for mechanical
load is

B,CK=-¢ (8.5-13)
(e}
where
Ce ideally elastic stress, stress intensity, or  N/mm?2
stress intensity range due to mechanical
load
G nominal stress due to mechanical loading N/mm?2

(2) The B values were derived from limit load calculations.
For the C and K values ce is the maximum stress intensity or
stress intensity range due to loading of the component. The
nominal stress ¢ is shown in equations (8.5-1) to (8.5-4) and
(8.5-6), respectively.

(3) The general term for a stress index due to thermal load is:
o

CK=—"7¢— (8.5-14)
E-oa-AT
where
Og highest stress intensity due to temperature  N/mm?2
gradient or temperature range AT
E modulus of elasticity N/mm?2



o linear coefficient of thermal expansion 1/K
AT temperature gradient or temperature range K
8.5.2.8.3  Conditions for using stress indices

8.5.2.8.3.1

(1) The stress indices given herein and in Table 8.5-1 in-
cluding the restrictions specified hereinafter shall be used with
the conditions of clauses 8.5.2.2 to 8.5.2.7.

General

(2) For the calculation of the numerical values of the stress
indices and the stresses in accordance with equations (8.5-1)
to (8.5-7) the nominal dimensions shall be used in which case
between outside and inside diameter the relationship

di=d;-2-s,
where

(8.5-15)

S¢ pipe wall thickness according to clause 8.5.2.3 mm

shall be taken into account.

For welded-in parts the nominal dimensions of the equivalent
pipe shall be used.

(3) For pipe fittings such as reducers and tapered-wall tran-
sitions, the nominal dimensions of the large or small end,
whichever gives the larger value of da/sc shall normally be
used.

(4) Loadings for which stress indices are given include inter-
nal pressure, bending and torsional moments, and tempera-
ture differences. The indices are intended to be sufficiently
conservative to account also for the effects of transverse forc-
es normally encountered in flexible piping systems. If, howev-
er, thrust or transverse forces account for a significant portion
of the loading on a given piping component, the effect of these
forces shall normally be included in the design analysis. The
values of the forces and moments shall normally be obtained
from an analysis of the piping system.

(5) The stress indices for welds are not applicable if the
radial weld shrinkage exceeds 0.25 - s..

(6) The stress indices given in Table 8.5-1 only apply to butt
girth welds between two items for which the wall thickness is
between 0.875 - sc and 1.1 - sc for an axial distance of

yJdg-s. from the welding ends.

(7) For components with longitudinal butt welds, the Ky, K,
and Kj indices shown shall be multiplied by 1.1 for flush welds
or by 1.3 for as-welded welds. At the intersection of a longitu-
dinal butt weld in straight pipe with a girth butt weld or girth
fillet weld, the C4, K4, C,, K5 and Kj3 indices shall be taken as
the product of the respective indices.

(8) In general and unless otherwise specified, it is not re-
quired to take the product of stress indices for two piping
components (e.g. a tee and a reducer, a tee and a girth butt
weld) when welded together. The piping component and the
weld shall be qualified separately.

(9) For curved pipe or butt welding elbows welded together
or joined by a piece of straight pipe less than one pipe diame-
ter long, the stress indices shall be taken as the product of the
indices for the elbow or curved pipe and the indices for the
girth butt weld, except for stress indices By and C4 which are
exempted.

(10) The stress indices given in Table 8.5-1 are applicable for
components and welds with out-of-roundness not greater than
0.08 - sc where out-of-roundness is defined as aa -aa. For
straight pipe, curved pipe, longitudinal butt welds in straight
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pipe, girth butt welds, and wall thickness transitions not meet-

ing this requirement, the stress indices shall be modified as

specified below:

a) If the cross-section is out-of-round but with no discontinuity
in radius (e.g. an elliptical cross-section), an acceptable
value of K1 may be obtained by multiplying the tabulated
values of K1 with the factor F,:

da _da 1,5

F1a =1+ .
S¢  |1+0.455(d, /s, )? (P/E)

(8.5-16)

b) If there are discontinuities in radius, e.g. a flat spot, and if
aa -aa is not greater than 0.08 - d,, an acceptable value
of K4 may be obtained by multiplying the tabulated values
of Ky with the factor F,:

2. -M-Rpo o7

Fio =1+ (8.5-17)
da P

where

M=2  for ferritic steels and nonferrous metals except

nickel based alloys
M=2.7 for austenitic steels and nickel based alloys

8.5.2.8.3.2

(1) The stress indices given in Table 8.5-1 are applicable for
longitudinal butt joints in straight pipe, girth butt welds joining
items with identical nominal wall thicknesses except as modi-
fied hereinafter.

Connecting welds

(2) Connecting welds are termed to be either flush welds or
as-welded ones, if the requirements in a) or b) are met, re-
spectively.
a) Welds are considered to be flush welds if they meet the
following requirements:
The total thickness (both inside and outside) of the rein-
forcement shall not exceed 0.1 - sc.

There shall be no concavity on either the interior or exterior
surfaces.

The finished contour shall not have any slope greater than
10 degree (see Figure 8.5-3).

b) Welds are considered to be as-welded if they do not meet
the requirements for flush welds.

oy

ok

Figure 8.5-3: Allowable weld contour

(3) For as-welded welds joining items with nominal wall
thicknesses less than 6 mm, the C, index shall be taken as:

C,=1.0 + 3 (3/s¢) (8.5-18)
but not greater than 2.1
where
) allowable average misalignment according to mm

Figure 8.5-4. A smaller value than 0.8 mm may
be used for 3 if a smaller value is specified for
fabrication. The measured misalignment may
also be used. For flush welds 6 = 0 may be
taken.
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. o Internal pressure | Moment loading | Thermal loading
Piping products and joints
B4 Cq K4 B, [ Co | Ko | C3 | Ky | C4

Straight pipe, remote from welds or other discontinuities 1) 0.5 1.0 1.0 |10 10| 10| 06 |10 ] 0.5
Butt girth welds between straight pipes or pipe and butt-welded
item
a) flush 1) 05|10 |11 (10|10 11|06 ]| 11|06
b) as-welded 2) 05|10 | 12 (10102 18| 06 | 1.7 | 0.6
Longitudinal butt welds in straight pipe 1)2)
a) flush 05|10 |11 (10|10 | 11[10]11]05
b) as-welded s¢ > 5 mm 05|11 (1210|1213 [10]|12]05
c) as-welded sc <5 mm 05|14 |25 101213 [10][12]05
Transitions 1)
a) flush or no circumferential weld closer than (drm/2 - Src)12 0.5 3) 12 (10| 3 |11 3 | 11]1.0
b) as-welded 05| ¥ [ 12 10| ¥ |18]| ¥ [17]10
Butt welding reducers 1) to Figure 8.5-5 1.04]| 4 4) 10| 4 49 11010 | 05
Curved pipe or elbows 1) 5) 5) 1.0 | 9 5 |10]10([10] 05
Branch connections 1) €) to Annex A 2.8 0.5 7) 2.0 7) 7) 7 (18] 17 ] 1.0
Butt welding tees 1) 6) to Annex A 5.2.4 05| 15 | 40 | ® 8) 8 | 1.0 1.0 (05

values shall be multiplied with the factor 1/(X - Y) where
X=1.3-0.006 - (dy/s;) and

T : design temperature in °C

1) see clause 8.5.2.8.3.1

3) see clause 8.5.2.8.3.3
4) see clause 8.5.2.8.3.4

Stress indices shall only be used if the dimensioning requirements of Annex A have been met.
In addition, B values can only be used if d /s, < 50, C and K values only if d /s, < 100. For 50 < d /s, < 100 the B, values remain valid, the B,

Y =1.0224 - 0.000594 - T with Y < 1.0 for ferritic material and Y = 1.0 for other materials.

5) see clause 8.5.2.8.3.5
2) see clause 8.5.2.8.3.2 6) see clause 8.5.2.8.3.6

7) see clause 8.5.2.8.3.6.2

8) see clause 8.5.2.8.3.6.3

Table 8.5-1: Stress indices for use with equations (8.5-1) to (8.5-4) and (8.5-6)

8.5.2.8.3.3 Welded transitions

(1) The stress indices given in Table 8.4-1 are applicable to
butt girth welds between a pipe for which the wall thickness is
between 0.875 - s and 1.1 - s, for an axial distance of /d, -s,
from the welding end and the transition to a cylindrical compo-
nent (pipe, attached nozzle, flange) with a greater thickness
and a greater or an equal outside diameter and a smaller or
an equal inside diameter.

(2) For transitions which on an axial distance of at least
1.5 - s; from the welding end have a taper not exceeding 30
degrees, and on an axial distance of at least 0.5 - s, have a
taper not exceeding 45 degrees, and on the inside on an axial
distance of 2 - s, from the welding end have a slope not great-
er than 1:3, the following applies for indices C4, C,, Cs:

C1=0.5+0.33 (d/s;)%3 + 1.5 - (8/s,) (8.5-19)
but not greater than 1.8

Co=1.7+3.0- (8/sg) (8.5-20)
but not greater than 2.1

C3=1.0+0.03 - (dy/sc) (8.5-21)

but not greater than 2.0.

(3) For transitions which on the outside, inside or on both
sides, on an axial distance of ,/d,-.s, from the welding end,
have a slope not greater than 1:3, the following applies for

indices C4, Cy, C3:

C1=1.0+1.5-(8/s) (8.5-22)
but not greater than 1.8

Cy= S/sg+ 3 (8/sg) (8.5-23)
but not greater than the smaller value
[1.33 +0.04 ,[d,/s, + 3 (8/s5)] and 2.1

C3=0.35(8/s.) + 0,25 (8.5-24)

but not greater than 2.0.

(4) For the transitions according to this Section & shall be
selected in accordance with Figure 8.5-4. For flush welds and
as-welded welds between components with wall thicknesses
s greater than 6 mm & = 0 may be taken.

(5) § is the maximum wall thickness within the transitional
zone. If § /sc does not exceed 1.1, the indices for circumferen-
tial welds may be used.
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8.5.2.8.34
8.5.2.8.3.4.1

The stress indices given in Table 8.5-1 are applicable for
concentric reducers if the following restrictions are considered:

Reducers
General

a) o does not exceed 60° (cone angle)

b) the wall thickness is not less than sg1 throughout the body
of the reducer, except in and immediately adjacent to the
cylindrical portion on the small end where the thickness
shall not be less than sg2. The wall thicknesses s, and so2
are the minimum wall thicknesses for the straight pipe at
the large end and small end, respectively.

8.5.2.8.3.4.2 Primary stress indices
B4 = 0.5 for a <30°

By=1 for30°<a<60°

8.5.2.8.3.4.3

(1) For reducers with rq and r, equal to or greater than 0.1 - d4:

Primary plus secondary stress indices

Cy1=1.0+0.0058 - \/d, /s, (8.5-25)
Cy=1.0 +0.36 - 004 - (d,/s,)0-4 (d2/d1 - 0.5) (8.5-26)
(2) For reducers with ry or rp smaller than 0.1 - d4:

Cq=1.0 + 0.00465 - 01285 . (d,/s,)0-39 (8.5-27)
C,=1.0+0.0185-a- ,/d, /s, (8.5-28)
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(3) Here d,/s, is the larger value of d4/s4 and dy/s; and o is
the cone angle according to Figure 8.5-5.

Sp1

Y
/

< &V,

dy
So2

Figure 8.5-5: Concentric reducer

8.5.2.8.3.4.4 Peak stress indices

(1) The K4 and K5 indices given hereinafter shall normally be
used depending on the type of connecting weld, extent of
mismatch and thickness dimensions.

(2) For reducers connected to pipe with flush girth welds
(see clause 8.5.2.8.3.2):

Ki=11-0.1"-Ly/ydpy Sy
but at least 1.0
K2=K1

(8.5-29)

(3) For reducers connected to pipe with as-welded girth butt
welds (see clause 8.5.2.8.3.2), where s4 or s, exceeds 5 mm

and 34/s4 or 8,/s, does not exceed 0.1:

Ki=12-02" Ly/\dm - Sm (8.5-30)
but at least 1.0
Ky=1.8-0.8"Ly/ydy S (8.5-31)

but at least 1.0.

(4) For reducers connected to pipe with as-welded girth butt
welds (see clause 8.5.2.8.3.2) where s4 or s, does not exceed
5 mm or 84/s4 or 8,/s, is greater than 0.1:

Ki=1.2-0.2" Ly/y/dm *Sm, (8.5-32)
but at least 1.0
Ko=25-15"Ly/{dn*sm (8.5-33)

but at least 1.0.

L/ \/dm - S is the smaller value of L4/ {/dq -s4 or Lo/ {/d5 <S5 .

84, 8o is the offset at the large end or small end of the reducer
(see clause 8.5.2.8.3.2 and Figure 8.5-4).

8.5.2.8.3.5

The stress indices given in Table 8.5-1, except as added to
and modified herein, are applicable to butt welding elbows or
curved pipe:

a) Primary stress index

Butt welding elbows and curved pipes

B;=-01+04-h (8.4-34)
but neither less than zero, nor greater than 0.5
B, = 1.3/h2/3 but at least 1.0 (8.5-35)
b) Primary plus secondary stress indices
¢, - 12R=tm) (8.5-36)
2-R-ry)
C, 1.95 but at least 1.5 (8.5-37)

h2/3
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where
M = dm/2
dm =da
R = bending radius
4-s.-R

O

_SC

h=

8.5.2.8.3.6
8.5.2.8.3.6.1

(1) When determining the stress intensities in accordance
with equations (8.5-1) to (8.5-4) and (8.5-6), the following
conditions shall be satisfied for branch connections.

Branch connections and butt welding tees
General

(2) The moments are to be calculated at the intersection of
the run and branch centre lines

for Ma:
M, = (Mi3 +M§ resulting moment on branch

(8.5-38)

1/2
2 _
3 +M23) =

for My:

M, = (Mi +M§ +M§)1/2 = resulting moment on run
(8.5-39)
where M,, My and M, are calculated as follows:

Where the directional moment components of the run My, My
or M, have the same algebraic signs at intersections 1 and 2
as the moment of the branch as per Figure 8.5-6 which are in
the same direction, then the respective components shall be
used to determine the resultant moment loading My according
to equation (8.5-39) which then equals zero. Otherwise the
smaller of the absolute values at the intersections 1 and 2
shall be used to determine Mn.

Mz3

Myo

Figure 8.5-6: Designation of moments on branch connection

(3) For branches the M; terms shall be replaced by the fol-
lowing pairs of terms in equations (8.5-1), (8.5-2), (8.5-3),
(8.5-4), and (8.5-6):

a) in equation (8.5-1):

Ma My

Bop - ——+Boy - —

2A Za 2H Z,

b) in equation (8.5-2),

(8.5-40)

5-4) and (8.5-6):

(8.

Ma M
Con = +Coy o
Za Zu

c) in equation (8.5-3):

(8.5-41)

M
Coa -Kop .Z—:+ Con Koy - =1+ (8.5-42)

H
Zy

where

Zp == drm’ Sre

TE
4
T 2
Zy =7 dym” -
(4) For branches according to Annex A 2.8: drm, SrRes 9Hm
and sy are given in Figure 8.5-7.
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Figure 8.5-7: Branch connection nomenclature

8.5.2.8.3.6.2  Stress indices for branches complying with

Annex A 5.2.5
(1) Applicability of indices

The stress indices indicated are applicable for branch connec-
tions if the following conditions a) to h) are satisfied:

a) The branch-to-run radius ratio is
dam/dym < 0.5

b) The run pipe radius-to-thickness ratio is limited as follows:
dHm/SHe < 50

c) The axis of the branch connection is normal to the run pipe
surface.

d) The requirements for reinforcement of areas according to
Section A 5.2.5 have been met.

e) The inside corner radius rq (see Figure 8.5-7) shall be
between 0.1 and 0.5 - sp.



f) The branch-to-run fillet radius r, (see Figure 8.5-7) is not
less than the larger of spc/2 or (sac + Y)/2 (see Figure
8.5-6 c¢) and sp/2.

g) The branch-to-fillet radius r3 (see Figure 8.5-7) is not less
than the larger of 0.002 - o - dagz Or 2 - (sin )3 times the
offset as shown in Figures 8.5-7 a and 8.5-7 b.

h) For several branch connections in a pipe, the arc distance
measured between the centres of adjacent branches along
the outside surface of the run pipe is not less than 1.5
times the sum of the two adjacent branch inside radii in the
longitudinal direction, or is not less than the sum of the two
adjacent branch radii along the circumference of the run

pipe.

(2) Primary stress indices
BZA =0.5- CZAZ 1.0
BZH =0.75 - C2H >1.0

(8.5-43)
(8.5-44)
(3) Primary plus secondary stress indices

The C4, Cop and Cyy indices can be determined using the
following relationships:

0.182 0.367 0.382 0.148
C1—1.4(de] .(dRmJ (SHCJ '[SRCJ
SHc dHm SRc rp

(8.5-45)

but at least 1.2.
If ro/sgrc exceeds 12, use ry/sge = 12 for computing C4.

2/3 1/2
Cop = 3[ AHm ] [dR_rTJ [S&](%] (8.5-46)
2S¢ Ahim SHe ) \ daa

but at least 1.5.

1/4
CZH -1.15 [de ].(dRm].(SHC]
2spc dHm SRc

but at least 1.5.

(8.5-47)

(4) Peak stress indices
The peak stress indices Kyp and K,y for moment loadings
may be taken as:
K2A =1.0
K2H =175
and Kyy - Copy normally shall not be smaller than 2.65.

8.5.2.8.3.6.3

(1) The stress indices given in Table 8.5-1 as well as the
indices given hereinafter are applicable to butt welding tees if
they meet the requirements of clause A 5.2.4.1 orA5.2.4.2.

Stress indices for butt welding tees

(2) To determine the stresses resulting from internal pres-
sure and moments as well as the stress indices the diameters
(dna» daa) and the equivalent wall thicknesses (s}, s, ) of the
run and branch to be connected shall be used in compliance
with clause A5.2.4.1.50rA5.24.24.

(3) Primary stress indices
The primary stress indices B, and B,y may be taken as:

d 2/3
Byp =0.4.| —Ha (8.5-48)
2.8
but at least 1.0
d 2/3
By =0.5-| —Ha (8.5-49)
2-sf

but at least 1.0.
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(4) Primary plus secondary stress indices

The Cyp and Cyy indices for moment loadings shall be taken
as follows:

q 2/3
Cop =067 —H2
2-s,

but at least 2.0

(8.5-50)

C2H = C2A (85-51)

(5) Peak stress indices
The peak stress indices Kyp and Koy shall be taken as:

KZA = K2H =1 (85-52)

8.5.2.9
8.5.2.9.1

Detailed stress analysis
General

(1) In lieu of the stress analysis according to clauses 8.5.2.3
to 8.5.2.6 a detailed stress analysis in accordance with this
clause may be made.

(2) To determine a normal stress o the following relation with
oy as nominal stress and i as stress index applies:

c=i-oyN

Accordingly the following applies to shear stresses:

T=iTy

Direction E;
z
/MZ
. X —-—- M,
/ Moment loads
N
My
y
Direction  Ey
o Ga
Sc_ |, d
Ot
“
o
|
y
Round cross-section Out of round cross-section
dm=da- Sc a=¢ -P
di =d;- 2s¢ dy>do

Figure 8.5-8: Pipe elbow nomenclature for detailed stress
analysis
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(3) The following definitions apply to the nominal stresses in
this clause:

for loading due to internal pressure p

on(P)=p - dif (2 so) (8.5-53)
for loading due to bending moment My,

on (Mp) = My/W (8.5-54)
for loading due to torsional moment M;

w (Mp) =M/ (2 - W) (8.5-55)

(4) For the stress components on the pipe section the follow-
ing definitions apply in compliance with clause 8.2.2 and Fig-
ure 8.5-8:

o4 = stress component in axial direction (in the plane of the
section under consideration and parallel to the boundary
of the section)

stress component in circumferential direction (normal to
the plane of the section)

Gt =

o, = stress component in radial direction (normal to the
boundary of the section)

T4t = Ttg = Shear stress components in circumferential and axial
direction

(5) With these stress components the stress intensities for
the investigation points shall be determined and be limited in
accordance with Table 7.7-4.

8.5.2.9.2

(1) The stress indices given in Tables 8.5-2 and 8.5-3 are
applicable to elbows and curved pipes provided that the points
under investigation are sufficiently remote from girth or longitu-
dinal welds or other local discontinuities. Otherwise, additional
theoretical or experimental analyses are required. The applica-
bility of the stress indices for bends with notches (wall thickness
increase at intrados) exceeding 15 %, referred to the nominal
wall thickness, shall be verified in each individual case.

Welding elbows and curved pipes

(2) The nomenclature used for the stress indices can be
taken from Figure 8.5-8 where the directional moment com-
ponents are defined as follows:

My : torsional moment

My : bending moment for out-of-plane E, displacement
M, : bending moment for in-plane E, displacement.

(3) The stress indices of Table 8.5-2 for internal pressure
loading have the following magnitudes:

. r+0.25-d;-sing

iy = : (8.5-56)
r+0.5-dy, -sing

i, =0.5-d/d_ (8.5-57)
. dy—dy 15
i3 = . 3 -C0S 20

Se  140.5-[1-v2)-(d /5. -p/E

(8.5-58)

iy = 2-Sc (8.5-59)

d;

(4) The stress indices of Table 8.4-3 for moment loading, with

A=4.r-s, /(d%- 1—v2j (8.5-60)
y=2-p-r?/(E-dy -s¢) (8.5-61)
Xq=5+6-32+24.y (8.5-62)
Xy =17 +600-22 + 480y (8.5-63)
X3 = Xq-Xo —6.25 (8.5-64)
X4 = (1—v2)-(x3 ~4.5-x,) (8.5-65)

have the following magnitudes and only apply if A > 0.2.

In the equation for y not more than the respective value of the
internal pressure p shall be inserted.

The following applies to the bending moment My:
iamy = COSQ + [(1.5-X-18.75)-cos3¢ + 11.25-cos5¢]/x4 (8.4-66)
ithy = = A *(9-X2'8iN2¢ + 225-sin4@)/x4 (8.4-67)
For the bending moment M, the following applies:
lamz = Sin @ + [(1.5°X; - 18.75)-sin 3¢ + 11.25-sin 5¢]/x4(8.4-68)

lipz = A+ (9-Xp-COS 20 + 225:-c0S 4¢)/X4 (8.4-69)
_ ~0.5-(dm /7)-coso - {cosg+[(0.5-x, —6.25) (8.4-70)
-cosS(p+2.25-0055cp]/x4}
Location | Surface |Stress direction| Stress index
Round cross-section
outside i1-0.5"1i4
¢ mid oy i1
inside i1+05-i4
outside in
Any mid Ga i
inside in
Out-of-round cross-section
outside i1-i3-0.5-1i4
mid oy i1
inside i1 +iz+0.5-iy
¢ outside ip-0,3-i3
mid Ca i
inside ip+0.3-i3
Round and out-of-round cross-section
outside 0
Any mid or -0.5-1i4
inside -ig

Table 8.5-2: Stress indices for curved pipe or welding elbows
under internal pressure

Location | Surface |Stress direction| Stress index

for torsional moment M,

outside 1
Any mid Tat 1
inside 1
for bending moments M
outside itby
mid Gt 0
inside - ltpy
® outside iamy ¥V * ltpy
mid Ca iamy
inside iamy = V * ltby
for bending moments M,
outside itmz T tbz
mid oy itmz
inside itmz - itbz
¢ outside iamz TV - lthz
mid Ca iamz
inside iamz = V * libz
Table 8.5-3: Stress indices for curved pipe or welding elbows

under moment loading



(5) Table 8.5-4 applies to the classification as per clause
7.7.2 into stress categories of the stresses determined by the
stress indices given here.

Origin of stress Type of stress 1) |Classification

Membrane stresses Pm
Internal pressure

Bending stresses Q

Membrane and tor- =

sional stresses !
Moments due to ex- |75 % of bending p
ternal loads stresses b

25 % of bending Q

stresses

Moments due to re-
strained thermal ex-
pansion and free end
displacements

Membrane, bending
and torsional stresses

1) Referred to through wall stresses

Table 8.5-4: Classification of stresses for curved pipe or
elbows in case of detailed stress analysis

8.5.2.9.3 Branches complying with Annex A 5.2.5

For branches complying with Annex A 5.2.5 the stresses due
to internal pressure may be determined according to clause
8.2.2.3 and the stresses due to forces and moments according
to clause 8.2.2.4 if the pertinent geometric conditions are
satisfied.

8.5.2.10 Flexibility factors and stress intensification factors

8.5.2.10.1 General

(1) Compared to straight pipes individual piping components
show an increased flexibility when subjected to bending on
account of the ovalization of the pipe cross-section causing an
increase of stresses.

(2) Where the system analysis for the piping is made to
conform to the theory of beams (straight beam with circular
cross-section), this increased flexibility shall be taken into
account by k values not less than 1 for flexibility factors and C
not less than 1 for stress intensification factors.

(3) Compared to the straight pipe, torsional moments as well
as normal and transverse forces do neither lead to an in-
creased flexibility nor to an increase of stresses.

8.5.2.10.2 Straight pipes

(1) For the determination of the deflection of straight pipes
by bending and torsional moments as well as normal and
transverse forces the beam theory applies.

(2) For the analysis of straight pipes all flexibility factors shall
be taken as k = 1 and the stress intensification factors as C = 1.

8.5.2.10.3 Pipe elbows and curved pipes

(1) For the curved section of elbows and curved pipes the
deflections which according to the theory of beams result from
bending moments (My and M, according to Figure 8.5-9),
shall be multiplied with the flexibility factors k, or k;, in which
case the system analysis can either be made with average
values or values for the point under investigation to obtain the
flexibility factors.

(2) For the determination of deformations due to torsional
moments as well as normal and transverse forces the conven-
tional theory of beams applies.
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Figure 8.5-9: Direction of moments

(3) The value given hereinafter for the mean flexibility factor
km = ky = k; not less than 1.0 applies if the following conditions
for pipe elbows and curved pipes are satisfied:

a) r/dy, not less than 0.85

b) arc length not less than d,,

c) neither at commencement nor end of curvature there are
no flanges or similar stiffeners within a distance Lg not ex-
ceeding 2 X dp,.

1.65

Km =Kp T ; but at least > 1 (8.5-71)
1
with k, = (8.5-72)
" 1+ Am - X
2-E-s¢
4/3 1/3
X, = 6. Im (KAl (8.5-73)
2-s. dn
h=2% (8.5-74)
dm

(4) Where flanges or similar stiffeners are located at a dis-
tance Lg less than or equal to d,/2 from the commencement
or end of curvature, for such bends and bent pipes
km =ky =k, =1.0 or k™ as per footnote 5 of Table 8.5-5 shall
be used.

(5) Where flanges or similar stiffeners are located at a dis-
tance Lg less than or equal to 2 x d,,, from the commencement
or end of curvature, for such bends and bent pipes linear in-
terpolation shall be made between kp, = ky =k, = 1.0 or k" as
per footnote 5 of Table 8.5-5 and the result of equation (8.5-71)
in dependence of the ratio Lg/dy,.

(6) In the case of system analyses using mean flexibility
factors the mean stress indices C, shall be taken in accord-
ance with clause 8.5.2.8.3.5.

(7) In the stress analysis using equations (8.5-1) to (8.5-6)
the bending stress due to a resulting moment on account of
bending and torsional moments is determined to obtain the
mean stress index.

(8) The values given hereinafter for flexibility factors at cer-
tain points under investigation ky = k, = k, apply to pipe el-
bows and curved pipe sections which at both ends are con-
nected to straight pipes showing the dimension of the curved
section and the distance of which to the next curved section is
at least two times the outside diameter:

k= 1.0 (8.5-75)
1.25

ky =kp == butatleast > 1 (8.5-76)
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k, =kp kT“ but at least > 1 (8.5-77)

with k, according to equation (8.5-72)
h according to equation (8.5-74)

ko, =165 forog>180°
ko, =130 forog=90°
ko =1.10 for g = 45°
ko =h for ag=0°

The values for k, may be subject to linear interpolation be-
tween 180° and 0°.

(9) In the case of system analyses using flexibility factors at
certain points under investigation the following stress indices
C,nn related to certain points under investigation and moments

shall be used:

Co=1.0 (8.5-78)
Cyy = 1.71/n%53 put at least > 1 (8.5-79)
Cy, = 1.95/h?3  for ag > 90° (8.5-80)
=1.75/h058 for o = 45° (8.5-81)
=1.0 for ag = 0° (8.5-82)

The values for C,, may be subject to linear interpolation be-
tween 90° and 0°, however no value of oy smaller than 30°
shall be used; C,, shall never be less than 1.

(10) Where flanges or similar stiffeners are located at a dis-
tance Lg less than or equal to 2 x d, from the commencement
or end of curvature, for such bends and bent pipes linear inter-
polation shall be made between k, and k, of equations (8.5-76)
and (8.5-77) and k”y , as per sub-clause 11 in dependence of
the ratio Lg/d,.

(11) Bends and bent pipes, where flanges or similar stiffeners
are located at a distance Lg less than or equal to d,/2 from the
commencement or end of curvature, ky shall be replaced by
k”y and kz by k”,, where the following applies:

k"y =c- ky , however > 1

k”,=c -k, , however > 1,
where

¢ =h""8 if stiffened on one side

¢ =h'3 if stiffened on both sides.

(12) In the case of system analyses using flexibility factors at
certain points under consideration, where the stress analysis
is based on equations (8.5-1) to (8.5-6), the bending stress
resulting from bending or torsional moments may be deter-
mined using the stress indices related to certain points under
consideration and moments. Here, the resulting values shall
be substituted as follows:

- instead of B, - M,

max {1 0-M; ;0.67 -\/(C2X My +(Cay -M, P +(Co, -MZ)2}
(8.5-83)

now use

- instead C2 . Mi(ll—V)

max {1.5.Mi(,,,v) 1 .0-\/(02)( M) +(Cay My P +(Cos -MZ)Z}
(8.5-84)

now use

8.5.2.10.4 Branches complying with Annex A 5.2.5
with dAi/dHi <05

(1) The deflection behaviour of branch connections comply-
ing with Annex A 5.2.5 with dpi/dy; not exceeding 0.5 can be
modelled according to Figure 8.5-10 as follows:

a) beam in direction of pipe run axis having pipe run dimen-
sions and extending to the intersection of the run pipe cen-
tre line with the branch pipe centre line,

b) assumption of rigid juncture at intersection of pipe run and
branch axes,

c) assumption of rigid beam on a branch pipe length of 0.5 - dy,
from the juncture (intersection of axes) to the run pipe sur-
face,

d) Assumption of element with local flexibility at the juncture
of branch pipe axis and run pipe surface.

(2) The flexibilities (unit of moment per radians) of the flexi-
ble element with regard to the branch pipe bending moments
can be determined by approximation as follows:

a) for bending along axis x
E-lr

Cy = 8.5-85
x kx 'dRa ( )

with
q 1.5 d 0.5

K, = 0.1 (ﬁ] (E&J SRe (8.5-86)
SHc Sp  dya SHc

b) for bending along axis z
C,= E-lr (8.5-87)
I(z : dRa

with
q q 0.5

k, =0.2 ﬁ[sﬁﬁj SRe. (8.5-88)
Ste \ Sn dHa SHe

Regarding the notations Figure 8.5-7 applies with the addi-
tional definitions

IR moment of inertia of the branch pipe,

IR =7 (dRa4 - dRi4)/ 64 (8.5-89)

s, value for nozzle wall thickness, i.e.:

for designs a and b of Figure 8.5-7:

Sh = Sacs if L1 >0.5- (dAi +SA)'SA

Sh = SRe» if L1 <0.5- (dAi +SA)'SA

for design c of Figure 8.5-7:

Sy =SRrc * (2/3) -y, if a < 30°

S = Sre + 0.385 - L4, if o > 30°
for design d of Figure 8.5-7: s, = s,

(3) With regard to the deflection due to torsional, normal and
transverse forces the flexible element shall be considered to
be rigid.

8.5.2.10.5 Branch connections with di/dy; > 0.5 and butt
welding tees

Branch connections with daj/dy; exceeding 0.5 and butt weld-
ing tees shall also be modelled in accordance with clause
8.5.2.10.4 and Figure 8.5-10 where, however, the flexible
element shall be omitted.



beam with branch pipe
dimensions

element with local flexibility
rigid length of beam
rigid juncture

v

L

beam with pipe run
dimensions

Figure 8.5-10: Modelling of branch connections in straight pipe

8.5.3  Piping systems of test groups A2 and A3

8.5.3.1 Design values and units relating to clause 8.5.3

Notation Design value Unit
Co wall thickness reduction due to chemical or{ mm
mechanical wear
da pipe outside diameter mm
d; pipe inside diameter mm
din pipe nominal inside diameter mm
dm mean diameter mm
dam mean diameter of branch connection mm
drm mean diameter of branch pipe mm
f stress range reduction factor for cyclic —
conditions in accordance with Table 8.5-5
h flexibility characteristic according to Table —
8.5-5
i stress intensification factor according to —
Table 8.5-5
k flexibility factor —
| length of segment mm
p design pressure MPa
Pmax maximum operating pressure MPa
r radius mm
rq,ro,r3  |[fillet radii according to Table 8.5-5 mm
S wall thickness mm
S4 wall thickness at large end of reducer mm
So wall thickness of conical portion of reducer | mm
S3 wall thickness at small end of reducer mm
Sx:Sx1:  |wall thickness according to Table 8.5-5 mm
Sx2
SA wall thickness of branch connection mm
SR wall thickness of branch pipe mm
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Notation Design value Unit
S¢ wall thickness without cladding acc. to mm
clause 7.1.4 or measured wall thickness
minus corrosion allowance and cladding;
In the case of pipe bends with wall thick-
ness increase at the intrados exceeding
15 %, credit shall be taken for the material
notch by using the average value, and in
the case of induction bends, the geometric
average from the smallest and greatest
wall thickness at the centre of bend as
design wall thickness sc. In the case of
induction bends meeting the dimensional
requirements of KTA 3211.3, sub-clause
9.3.3.4 (5) a) (standard induction bends),
the requirements of sub-clause 8.5.1 (6)
shall be met.
y general design value —
B4 primary stress intensity due to internal —_
pressure loading (see clause 8.5.2.8)
B, primary stress intensity due to moment —_
loading (see clause 8.5.2.8)
C, primary plus secondary stress intensity —
due to moment loading
Eog modulus of elasticity at 20 °C N/mm?2
E modulus of elasticity at temperature N/mm?2
Ko peak stress index for moment loading —
M; resultant moment due to dead weight and | Nmm
other sustained loads
M resultant moment due to occasional loads | Nmm
such as pressure thrusts, earthquake,
aircraft crash, etc.
M resultant moment due to loading from re- Nmm
straint to thermal expansion
M resultant moment ifrom any single nonre- Nmm
peated anchor movement
N number of load cycles referring to the max-| —
imum range of moments
No number of load cycles for maximum tem- —
perature difference
N1,No,  |number of load cycles with smaller tem- —
to N, perature differences than at Ny
P local primary membrane stress N/mm?2
Pm general primary membrane stress N/mm?2
Q secondary membrane or bending stress N/mm?2
S design stress intensity according to Table N/mm3
6.6-1
Skt design stress intensity according to Table | N/mm?2
6.6-1 at room temperature
Sa allowable stress intensity range for thermal | N/mm?2
expansion stresses (see clause 8.5.3.7)
w section modulus mm3
o angle according to Table 8.5-5
8 allowable mean value for mismatch of butt | mm
welds in accordance with Table 8.5-5
o) primary stress intensity acc. to cl. 8.5.3.3 | N/mm?
oy primary plus secondary stress intensity N/mm?2
acc.tocl. 8.5.3.4
o stress intensity resulting from restraint to N/mm?2

thermal expansion
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Notation Design value Unit

o stress intensity resulting from one single N/mm?2
anchor displacement

oy equivalent stress range resulting from N/mm?2

internal pressure, dead weight, other sus-
tained loads, and restraint to thermal ex-
pansion

8.5.3.2

(1)  When applying the component-specific design method in
accordance with this clause, clause 7.7.2.3 shall be taken into
account with regard to the classification of stresses from re-
strained thermal expansions.
Note:
The stress values oy to oy, given in Section 8.5 as stress intensi-
ty or equivalent stress range do no exactly correspond to the re-
spective definitions of clause 7.7.3, but are conservative evalua-
tions of the respective stress intensity or equivalent stress range.

General

8.5.3.3

Except for a single straight pipe, the following conditions apply
to the determination and limitation of the primary stress inten-
sity:

Design condition (Level 0)

dap g, Miq5.g
2-s W

C

o) = B1 . (85-90)

N/mm?2
N/mm?

o) primary stress intensity
stress indices, see clause 8.5.2.8

N/mm?2
MPa
mm

S design stress intensity acc. to Table 6.6-1

p design pressure

dy pipe outside diameter, if required
dy; =dj, +2-s;+2-cy, see Section 6.5

S¢ wall thickness without cladding acc. to
clause 7.1.4 or measured wall thickness
minus corrosion allowance ¢, (see Sec-
tion 6.4) and cladding; in the case of pipe
bends with wall thickness increase at the
intrados exceeding 15 %, credit shall be
taken for the material notch by using the
average value, and in the case of induc-
tion bends, the geometric average from
the smallest and greatest wall thickness
at the centre of bend as design wall thick-
ness sc. In the case of induction bends
meeting the dimensional requirements of
KTA 3211.3, sub-clause 9.3.3.4 (5) a)
(standard induction bends), the require-
ments of sub-clause 8.5.1 (6) shall be met.

w pipe section modulus

M; resulting moment due to dead weight and N/mm?2
other sustained loads. In the combination
of loads, all directional moment compo-
nents in the same direction shall be com-
bined before determining the resultant
moment (moments resulting from differ-
ent load cases that cannot occur simulta-
neously need not be considered in calcu-
lating the resultant moment). If the meth-
od of analysis of dynamic loads is such
that only magnitudes without relative
algebraic signs are obtained, that combi-
nation of directional moment components
shall be used leading to the greatest re-
sultant moment.

mm

mm3

8.5.34
8.5.3.4.1

Level Aand B
General

For each load case the directional moment components shall
be determined which always refer to a reference condition.

8.5.3.4.2 Determination and limitation of the primary stress

intensity

For the determination of the stress intensity resulting from
loadings due to internal pressure, dead weight, other sus-
tained and occacional loads including external events the
following condition applies:

d, - ) )
oy =By 2 Pmax g MM g g (8.5-91)
2-s, w
but not exceed 1.5 - Ryp o1
where
o primary stress intensity N/mm?2
S design stress intensity acc. to Table 6.6-1 N/mm?2
at the related temperature T
Pmax Maximum operating pressure MPa
M resultant moment due to occasional load- N/mm?2

ings, such as pressure thrusts, earthquake,
aircraft crash, etc. For dynamic loadings
only half the range shall be used. Load-
ings from dynamic effects of anchor dis-
placement may be omitted here, but shall
then be considered in equations (8.5-92)
and (8.5-94).

All other notations can be found in 8.5.3.3.

8.5.3.4.3 Determination and limitation of the secondary

stress intensity range

(1) Equation (8.5-92) or equation (8.5-94) shall be satisfied.
a) Restraint to thermal expansion

o =i+t <n (8.5-92)

o stress intensity due to restraint to thermal N/mm?
expansion

My,  range of resultant moments due tore- ~ Nmm

strained thermal expansion; also include
moment effects of anchor displacements
if the load case "dynamic anchor dis-
placement effects" was omitted from
equation (8.5-91)

Sa allowable stress range, see clause
8.5.3.7 for thermal expansion stresses

i stress intensification factor according to —
Table 8.5-5

N/mm?

b) Consideration of the effects of any single nonrepeated
anchor movement (e.g. building settlement)

. My
={-—%<3.0-S 8.5-93
[$1V] W ( )
Miv resultant moment due to any single an-  Nmm
chor movement
S design stress intensity at room tempera- N/mm?2

ture

i stress intensification factor according to —
Table 8.5-5



c) The stresses due to internal pressure, dead weight, other
sustained loads and restrained thermal expansion shall
meet the requirements of the following equation:
oy =P%a 075 M M g g

-S¢ W w

(8.5-94)
i stress intensification factor according to —
Table 8.5-5
The product 0.75 - i shall not be less than 1.0.

(2) If the requirements of equations (8.5-91) and (8.5-93)
have been met, equation (8.5-94) need not be verified.
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In calculating the resultant moment loading the dynamic ef-
fects of anchor displacement due to earthquake or other sec-
ondary effects need not be included.

(2) For equation (8.5-91) the allowable design stress intensi-
ty to be used for this condition is 2.25 - S, but not greater than
1.8 - Rpg2T-

8.5.3.6 Level D service limits

(1) For Level D the primary stress shall be determined by
means of equation (8.5-91).

In calculating the resultant moment, the dynamic effects of
anchor displacement due to earthquake or other secondary
effects need not be included.

8.5.3.5

(1) For Level C the primary stresses shall be determined by

Level C Service limits

(2) For equation (8.5-91) the allowable design stress intensi-
ty to be used for this condition is 3.0 - S, but not greater than

means of equation (8.5-91). 2.0 - Rpgot-
Shape factor h Flexibility| Stress intensifica- | Section
Description Sketch and configuration require- factor k tion factor i modulus 4
ments 1) (k=1)2 (i=1)3
1. Straight pipe
o — 1 1
o
Y
2.Welding elbow
or pipe bend %) o dj —d
32 d,
4-r-s 1.65 0.9
d% h h2/3
3.Tee with set-on, dam for run pipe:
set-in or ex- 1 . dg _di4
truded nozzle ‘ 0.9 —_—
] [sA 2-s — 32 d
o | ‘ d_ 1 h?/3 2
R = — - " min. 2.1
S Cy | for nozzle:
1 L
4.Fabricated dam 4 “Am “Sx
welding tee s )
with wall thick- wi\ with sy
ness s and sp L 8.8-s 0.9 taken as
for connection d 1 2/3 the smaller
m h
value of
Sy1 = s and
Sy2 = i'SA
5.Reducer & \ configuration requirements
d
o < 60 degrees 05+ . [Za b
s > d,/100 1 100 Vs | T Ga—-G
Sy > S max 2.0 32 d
(o in degrees)
6.Butt weld ‘ s 25 mm and 1 10
‘ \ /w §<0.1s : g
= s<5mmor flush: 1.0 32 da
1
=° §>01-s as-welded: 1.8

Table 8.5-5: Flexibility characteristics and factors, stress intensification factors and section moduli
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Shape factor h Flexibility| Stress intensifica- [ Section
Description Sketch and configuration require- factor k tion factor i modulus 4
ments 1) k=12 (i=1)3
7.Welded transi-
i
on 13+0.0036-%2 .y
) S T da - dI
a<30 1 5 —
+3.6-— 32 d,
s
max. 1.9
8.T.ee with spe- drm <05 7)
cial shape m
conditions ©) . ..
d for run pipe 7): | for run pipe:
-M <100
s 04 dm % n . drzn .S
. . i=04.-| —
0.1s<ry<0.5s 5.s 4
9rm
rzzmax S_A’E’SRJ dm
2 2 2 but at least
o < 45° i=15
drm +S
r3 = max{a '%a for nozzle: for nozzle:
N 1 2
N s = 3 | T g2 .
=\ 2%ye 2sin® o(d —drm— } - dm Rm "SR
o o +5s s i=15.| —=m_ |4
Fla \3/77A< ] (dam+SA—drm—SR) s
— w
o ] %
! 1%% ;3 For nozzles smaller than (dRm ] SR
— DN 100 the above condition for dm s
rq4 can be omitted. For r3 condi- drm
tions a shall be taken in de- dam *+Sa
grees.
sy, = SR + 2y/3
daa = dam+ SA

-

The flexibility factors k to be used in the system analysis and the stress intensification factors i to be used in the stress analysis depend on
the shape factor h and only apply if the configuration requirements given are satisfied.

2)
3)
Section A 5.
4)
5)
k' im>1.
6)
7)

The flexibility factor k indicates how the actual deformation of a piping component due to bending is related to the deflection obtained
according to the theory of straight or slightly curved beams. In no case shall k be less than 1. Table 8.5-5 refers to k values = 1 only for
elbows/bends. These k values apply over the effective arc length for in-plane and out-of-plane bending. For deformation due to torsional,
normal and transverse forces the normal theory of beam shall further apply. The local flexibility of branch connections on tees may be
covered by elements with local flexibility at the run pipe surface i.e. at the beginning of the branch, if this can be verified accordingly.

The stress intensification factor i is used to correct the stress intensity resulting from moment loading on straight pipe to obtain compo-
nent-specific values for comparison with the stress intensity limits given in clauses 8.5.3.3 to 8.5.3.6. In no case, i shall be less than 1.
Prerequisite to the use of stress intensification factors i is that the components have been adequately dimensioned in accordance with

This column contains the section moduli to be used in connection with the stress intensification factor i.

For curved pipes or elbows stiffened by a flange or similar stiffeners within a distance less than dm/2 from either end of the curved section
of the pipe or from the ends of the elbows, k and i shall be replaced by k" =c -k and i’ = ¢ - i in which case the following applies:
¢ = h'/6 if stiffened at one end

¢ = h1/3 if stiffened at both ends as well as

Four different nozzle designs are shown (a, b, c, d); see Figure 8.5-7.

Where the conditions for ry are not satisfied, twice the stress intensification factor obtained from the respective formulae shall be in the
calculation for run pipe and branch, however, at least i = 2.1 shall be taken.

Table 8.5-5: Flexibility characteristics and factors, stress intensification factors and section moduli (continued)



8.5.3.7  Determination of the allowable thermal expansion

stress range Sp
(1) The allowable stress intensity range Sy shall be
Sa =f-(1.25-Sgr +0.25-S) (8.5-95)
f stress range reduction factor for cyclic conditions

f refers to the total number of cycles of full temperature cycles
over the total expected years service life of the piping system.

f shall be taken from the following Table.

N f

upto 7000 1.0
over 7000 upto 14000 0.9
over 14000 upto 22000 0.8
over 22000 upto 45000 0.7
over 45000 upto 100 000 0.6
over 100 000 0.5

N : number of full temperature cycles

Where load cycles with smaller temperature differences occur,
N is calculated as follows:

5 5 5
N—No+(—M"”J -N1+[—M2”'J -N2+..+(—M"”'] ‘N, (8.5-96)

ol onl

No number of cycles for maximum temperature
differences

N4, N2 ....,N, number of cycles with smaller temperature
differences than for Ng

(2) The stress range reduction factor f applies for non-corro-
ding operation and corrosion-resistant materials.

8.5.3.8

(1) The requirements for system analysis shall be taken from
Section 7.6.

(2) The following especially applies to piping systems:
a) The system geometry shall comprise all components and
parts which significantly influence the system behaviour.

The supporting conditions for supporting elements shall be
taken into account.

System analysis

b) Flexibility factors and stress intensification factors are shown
in Table 8.5-5. For components not shown in Table 8.5-5,
the stress intensification factor may be taken as follows:

i— C, Ky

2
where C, and K; are stress indices for components shown
in Table 8.5-1.
c) Simplifying assumptions may be used if it is ensured that

forces, moments and stresses including the effects of
stress intensification are not underestimated

(8.5-97)

d) The dimensional properties of pipe and pipe fittings shall be
based on the average wall thickness s, (see clause 7.1.4).
e) Cold springing
Where a piping system is cold sprung, the effects of cold
springing shall be evaluated principally for all load cases,
however, always for the final assembly condition and the
normal operating conditions. Here, the following shall be
considered:
- Cold springing has no influence on the extent of the
stress range o) according to clause 8.5.3.4.3.
- The cold springing loads determined for the cold-sprung
condition with Eog will change at a ratio Eg /Eyq for the
operational load cases.
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Where a comprehensive calculation of the effects of cold
springing is required the calculation shall be adapted to the
assembly conditions. For this purpose, each assembly
condition shall be covered which causes distortions and
thus stresses in the total system or initially, in system sec-
tions. The following shall be taken into account.

- location of non-positive connections,
- size and direction of gaps, clearances and mismatches,

- points of application, direction, extent, and type of the
loadings causing cold springing (forces, dead weight),

- free-end displacements.

By approximation cold springing may be calculated using
cold spring factors and negative percentages of thermal
expansions including external movements transmitted by
terminal and intermediate attachments on the designated
total system.

Due to the uncertainties arising from this calculation credit
shall be taken of not more than 2/3 of the releasing effect
of cold springing (e.g. in full-load operation). The loading
effects, however, shall be fully considered (e.g. in the final
assembly condition).

8.5.3.9 Local overstrain

The piping system analysis according to Section 8.5 assumes
elastic behaviour of the entire piping system. This assumption
is sufficiently accurate for systems in which plastic straining
occurs at many points or over relatively wide regions (e.g. due
to Py, + Q or P, + Q exceeding 3 - S,,), but fails to reflect the
actual strain distribution in unbalanced systems in which only
a small portion of the piping undergoes plastic strain.

Unbalance can be produced:

a) by use of small pipe runs in series with larger or stiffer
pipe, with the small lines relatively highly stressed,

b) by local reduction in pipe cross-section, or local use of a
weaker material,

c) in a system of uniform size and materials, by use of a line
configuration for which the neutral axis or thrust line is sit-
uated close to the major portion of the line itself, with only
a very small offset portion of the line absorbing most of the
expansion strain.

In these cases, the weaker or higher stressed portions will be
subjected to strain concentrations due to elastic follow-up of
the stiffer or lower stressed portions. Such strain concentra-
tions can be avoided by suitable line configurations with a
respective supporting concept, taking the aforementioned
points (a) to (c) into account. Supporting measures may be the
use of higher strength material at locations of possible strain
concentrations and, if required, by the application of cold
spring. The measures to be taken to avoid strain concentra-
tions are especially important for piping systems of austenitic
materials which show a non-linear stress-strain behaviour.
Note:
For literature on the problems of ,elastic follow up“ see e.g. F.V.
Naugle "Design Guidance for Elastic Follow-up", Journal of Pres-
sure Vessel Technology, Transactions of the ASME Vol. 106,
No. 1, February 1984.

8.5.3.10 Determination of resulting moments

The resulting moments M;; to M;y in equations (8.5-90) to
(8.5-93) are calculated as follows:

M; = yMZ, +MZ; +M3; (8.5-98)

For tees the resulting moment of each leg (run pipe and noz-
zle) shall be calculated separately, with the moments taken at
the junction point of the legs (see Figure 8.5-11).

For tees with a diameter ratio dgy,*/dym less than 0.5 the
branch moments at the outside surface of the run pipe may be
used for the branch leg.
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All other notations see Figure 8.5-11.

Junction of legs

Figure 8.5-11: Moments on tee

8.6
8.6.1

This section applies to the calculation of the integral areas of
component support structures which are intended to accom-
modate loadings.

The integral areas of component support structures are at-
tached to the pressure-retaining area by welding, forging,
casting or fabricated from the solid.

Therefore, the portion of the support structure directly adjacent
to the component wall interacts with the component (area of
influence).

Integral areas of component support structures

General

8.6.2 Limitation of integral area

(1) The limitation of the integral area of component support
structures is shown in Figure 8.6-1. The distance | is calculat-
ed as follows:

a) Shells (e.g. skirts, tubular nozzles)
1=0.5-
where
r mean radius of shell of support structure
s; thickness of support structure shell in accordance with

clause 7.1.4

b) bars or sections
1=0.5-4r?/2
where
r radius of bar of-one-half the maximum cross-sectional

dimension of the section

c) other shapes
1=0.5-
where

r on-half the maximum dimension of a flange, tee-sec-
tion, plat or round section or one-half the maximum leg
width of an angle section

s. flange thickness of sections or plate thickness accord-
ing to clause 7.1.4

r-se (8.6-1)

(8.6-2)

r-se (8.6-3)

(2) Where, however, a detachable connection is provided
within a distance [, the limit between the integral and non-in-
tegral area shall be set at this location.

8.6.3

(1) Integral areas of component support structures are to be
considered part of the supporting component. All simultane-
ously occurring loads shall be taken into account. For compo-
nent support structures the following forces and moments
shall be determined:

a) normal force Fy,

b) transverse force Fq,
c) torsional moment M,
d) bending moment My,

Design

(2) The effects of external forces and moments on the com-
ponent wall shall be considered in accordance with Section 7
or for vessels in accordance with clause 8.2.7.

(3) Accordingly, the stresses shall be evaluated in accord-
ance with Section 7, or for vessels, with clause 8.2.7. The
stability behaviour shall be analysed.

Component support structure

component component
_ N E
©
<) non-detachable detachable &
£ connection connection -$
i c
- . —. o
s % =
8 limit of area
£ of influence
S of component
o
S S S
Building Building

L : die-out length

Figure 8.6-1: Type of attachment of component support

9  Type and extent of verification of strength and perti-
nent documents to be submitted

(1) For the design approval to be made by the authorized
inspector in accordance with § 20 AtG (Atomic Energy Act) the
following verifications of strength for pressure and activity-
retaining components of systems outside the primary circuit
shall be carried out and be submitted in form of a report:
a) dimensioning for test group A1, A2, A3 components,
b) analysis of the mechanical behaviour of test group A1
components.

(2) The design, report and inspection shall be based on the
pertinent Sections of KTA 3211 Safety Standards.

(3) Each report on design and calculation shall normally
contain the following information at the extent required for
review of the strength verifications:

a) explanation of design and calculation procedures, espe-
cially of assumptions made,

b) indication of calculation procedures, theoretical bases and
programmes used,

c) load data, combination of loads and their classification,
d) geometric data,

e) characteristic values (mechanical properties) of the mate-
rials used,

f) input data,
g) results obtained including fatigue usage factors,

h) evaluation of results and comparison with allowable val-
ues,

i) conclusions drawn from the results obtained,
j) references, bibliography and literature.
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Annex A

Dimensioning

A1 General

(1) The design rules hereinafter apply to the dimensioning of
components in accordance with Section 6 and their parts
subject to design pressure and additional design mechanical
loads at design temperature.

(2) Regarding stress limitation for test group A1 the design
stress intensity Sy, and for test groups A2 and A3 the design
stress intensity S shall apply (see Table 6.6-1).

(3) For the purpose of simplification only the S, value is
taken in the equations.

(4) The design values and units are given separately for
each Section.

(5) The confirmatory calculation of parts with nominal wall
thickness s, shall be made within this Annex with the wall
thickness sg, = s, - €1 - Co with s, > 59 + ¢4 + €. Regarding
allowances Section 6.4 applies.

(6) The figures contained in this Annex do not include allow-
ances.

(7) The requirements laid down in Annex A 2 for general
parts of the pressure retaining wall are also applicable, in
consideration of the respective requirement, to specific parts
of pumps, valves and piping complying with A 3 to A 5 unless
other requirements have been fixed in these Annexes.

(8) Design values and units

Notation Design value Unit
b width mm
c wall thickness allowance mm
d diameter mm
h height mm
| length mm
p design pressure MPa

’ test pressure MPa
r,R radii mm
S wall thickness mm
Sy calculated wall thickness according to mm

Figure 7.1-1

A 2 Dimensioning of parts of the pressure retaining wall
A 2.1 General

The equations given in Section A 2.2 to A 2.10 for dimension-
ing only apply to the determination of the required wall thick-
ness of the individual parts under internal or external pressure,
however, without consideration of the elastic relationship of
the entire structure. The loadings on pressure vessel walls
resulting from external forces and moments are covered by
clause 8.2.7.

A 2.2 Cylindrical shells

A 2.2.1 Design values and units relating to Section A 2.2

Notation Design value Unit
d, outside diameter of cylindrical shell mm
d; inside diameter of cylindrical shell mm
fi safety factor against elastic instability —
f, additional safety factor against gross —

plastic deformation
| unsupported length mm
n number of lobes —
p design pressure MPa
poy. | allowable pressure MPa
) calculated wall thickness according to mm
Figure 7.1-1
Son | nominal wall thickness of the shell exclu- mm
ding allowances according to Section 6.5
z design value: Z=0.5- 7t - d/I —
E modulus of elasticity N/mm?2
Sm design stress intensity for components of [ N/mm?2
test group A1
U ovality %
v Poisson's ratio —
Ca stress in axial direction N/mm?2
EV average equivalent stress N/mm?2

A 2.2.2 Cylindrical shells under internal pressure
A 2221 Scope

The calculation method hereinafter applies to cylindrical shells
under internal pressure, where the ratio d,/d; does not exceed
1.7. Diameter ratios d,/d; not exceeding 2 are permitted if the
wall thickness sgp, does not exceed 80. Reinforcements of
openings in cylindrical shells under internal pressure shall be
calculated in accordance with Section 2.8.

A 2.2.2.2 Calculation

(1) For the calculation of the required wall thickness of the
shell the following applies:

da-P
Sg=——— A 2.21
07 2.5, +p ( )
or
di-p
Sg=7——7— A2.2-2
035, -p ( )

(2) For the recalculation at given wall thickness the following
applies:

_ d;
=p- +0.5(<S
Oy =P [2'30n ] m

(A 2.2-3)
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A 2.2.3 Cylindrical shells under external pressure
A 2.2.3.1 Scope

The calculation method hereinafter applies to cylindrical
shells under external pressure where the ratio d,/d; does not
exceed 1.7.

A 2.2.3.2 Safety factors

(1) The additional safety factor against gross plastic defor-
mation shall be taken as f, = 1.2 irrespective of the material
used.

(2) The safety factor against elastic instability shall be taken
as fi = 3.0 irrespective of the material used. Where a higher
test pressure as 1.3 - p is required, fi shall be at least 2.2.

A 2.2.3.3 Calculation
A 2.2.3.3.1 General

(1) It shall be verified by calculation that there is sufficient
safety against elastic instability and plastic deformation. The
following equations shall be used. The smallest calculated
value of p,,, shall govern.

(2) The buckling length is the length of the shell. For vessels
with dished heads the buckling length begins at the juncture of
cylindrical flange (skirt) to knuckle.

A 2.2.3.3.2 Calculation against elastic instability

(1) The calculation shall be made according to:

E 2 S
pzul—f_' 2 %"'
k n 2 a
(n2—1)~{1+(2j }
(A 2.2-4)
2 B 3
L2 |2 ,.02n 1v(sﬂ)
3 (1—V2) 1_,_(2)2 da
y4

where for Z = 0.5 - d /I shall be taken; n is a full number
and shall satisfy the conditions n > 2 and n > Z and shall be
selected such that p becomes the smallest value. n means the
number of lobes (circumferential waves) which may occur over
the circumference in case of instability.

The number of lobes shall be calculated by approximation as
follows:

3
n=1.63-4 2da
| *Son

(2) The required wall thickness sy, may be determined in
accordance with Figure A 2.2-1 for usual dimensions. This
figure applies to a Poisson's ratio of v = 0.3. Where the Pois-
son' s ratio extremely differs from 0.3, equation (A 2.2-4) shall
be taken.

(A 2.2-5)

A 2.2.3.3.3 Calculation against gross plastic deformation

(1) For d/l > 5 the following applies:

_2'Sm Son 1
Paul =757, 1, 1:5-0-(1-02-d, /1)-d, (h226)
100 - sq,,

The required wall thickness s, may be determined directly in
accordance with Figure A 2.2-2 for usual dimensions and with
U=1.5%.

(2) For dy/l > 5 the larger value of the pressure determined
by the two equations hereinafter shall govern the determina-
tion of the allowable external pressure:

2'Sm .Sﬂz

= A 2.2-7
Pzul f, d, ( )
3-8 S 2
Paul = f”‘(%J > (A 2.2-8)
v

(3) Equation (A 2.2-8) primarily applies to small unsupported
lengths. Equations (A 2.2-6) to (A 2.2-8) only apply if no positive
primary longitudinal stresses o, occur. In equations (A 2.2-6) to
(A 2.2-8) S,;, shall be replaced by (S, - o) if 65> 0.

A 2.3 Spherical shells

A 2.3.1 Design values and units relating to Section A 2.3

Notation Design value Unit
da outside diameter of spherical shell mm
d; inside diameter of spherical shell mm
fic safety factor against elastic instability —
fi’ safety factor against elastic instability at —
increased test pressure

fy additional safety factor against gross —
plastic deformation

| unsupported length mm

n number of lobes —

p design pressure MPa

poy |allowable pressure MPa

) calculated wall thickness according to mm
Figure 7.1-1

Son | nominal shell wall thickness minus allow- mm
ances, in accordance with Section 6.5

z design value: Z=0.5 - - dj/l —

Ck factor according to equation (A 2.3-3) —

E modulus of elasticity N/mm?Z2

Sm design stress intensity value for test N/mm?Z2
group A1 components

U ovality %
Poisson's ratio —

Gy axial stress N/mm?2

Ok stress in confirmatory calculation against [ N/mm?2
elastic instability

o, stress intensity N/mm?2

Gy mean stress intensity N/mm?2




Figure A2.2-1:  Required wall thickness s g, for calculation against elastic instability
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Figure A2.2-2:  Required wall thickness sy, for calculation against gross plastic deformation
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A 2.3.2 Spherical shells under internal pressure
A 2.3.2.1 Scope

The calculation hereinafter applies to unpierced spherical
shells under internal pressure where the ratio d,/d; < 1.5. The
calculation of pierced spherical shells under internal pressure
shall be made in accordance with Section A 2.8.

A 2.3.2.2 Calculation

(1) For the calculation of the required wall thickness sg of
spherical shells with a ratio sg,/d; greater than 0.05 one of the
following equations applies:

gy = 2. Gt (A2.3-1)
2 Cy

or

s :%'(Ck_1) (A 2.3-2)
with

2:p
Cp=[1+—=P (A 2.3-3)
2-Sy-p

(2) For the calculation of the required wall thickness of thin-
walled spherical shells with a ratio sy,/d; not exceeding 0.05
the following applies:

So :da_-p (A 2.3-4)
4-S.,
or
So :L (A 2.3-5)
4.S,-2-p

(38) For the confirmatory calculation at a given wall thickness
the following applies:
d;2 1
' +0.5(<8,,

oy =p| —— 4 (A 2.3-6)
[4’(di+30n)’30n

A 2.3.3 Spherical shells under external pressure
A 2.3.3.1 Scope

The calculation hereinafter applies to spherical shells under
external pressure where the ratio d,/d; does not exceed 1.5.

A 2.3.3.2 Safety factors

(1) The additional safety factor against gross plastic defor-
mation shall be f, = 1.2 irrespective of the material used.

(2) The safety factor against elastic instability shall be taken
from Table A 2.3-1 irrespective of the material. Where a test
pressure higher than 1.3 - p is required then the test pressure

shall be additionally verified with fy from Table A 2.3-1.

; :
0.001 5.5 4.0
0.003 4.0 29
0.005 3.7 2.7
0.010 3.5 2.6
>0.1 3.0 2.2
Intermediate values shall be subject to straight interpolation.

Table A 2.3-1: Safety factors against elastic instability
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A 2.3.3.3 Calculation
(1) General

It shall be verified by calculation that there is sufficient safety
against elastic instability and plastic deformation. The equa-
tions given hereinafter shall be used. The highest value of sg
obtained from subparagraphs 2 and 3 shall be determining.

(2) Calculation against elastic instability

The required wall thickness is obtained from the following
equation:

p-fy
sq=d .1/—
0~ "a'\1464.E

For the confirmatory calculation at a given wall thickness the
following applies:

(A 2.3-7)

o =P [Ya | E (A 2.3-8)
1.464 Son fk
(3) Calculation against plastic deformation
The required wall thickness is obtained from:
d 2.p-f
so=2a.|q- [1-—<PN (A 2.3-9)
2 2.8, +p-fy

For spherical shells with a ratio sp/d, < 0.05 the required wall
thickness may be calculated by approximation from

p-da-fy
Sn = A 2.3-10
=4S, ( )
For the confirmatory calculation at a given wall thickness the
following applies:

d,> s

-05|<2m (A 2.3-11)
4- da _SOn)'SOn fv

oy =p-

A 2.3.4 Wall thickness of unpenetrated spherical shell and
the transition of flange to spherical shell under inter-
nal pressure

(1) The wall thickness s of the unpenetrated spherical shell
is obtained from equations (A 2.6-3) to (A 2.6-6).

(2) For the wall thickness s,' at the transition of flange to
spherical shell the following applies:

Se =S¢ =50 B (A 2.3-12)
The shape factor p takes into account that for a large portion
of bending stresses an increased support capability can be
expected in case of plastic straining. Where the strain ratio §
of dished heads is assumed, which characterises the support
capability, p =3.5 may be taken for flanges with inside bolt
circle gasket in accordance with Figures A 2.6-1 and A 2.6-2,
a value which is abtained by approximation of B = o/ from
Figure A 2.3-1.

A 2.3.5 Reinforcement of opening at gland packing space of
valves under internal pressure

The reinforcement shall be calculated like for heads with
openings according to the area replacement approach meth-
od. The strength condition then is:

(i+1]<s (A 2.3-13)
p A, 2)7°m :
The effective lengths are:

lo=y(2:7+sp)-sb (A2.3-14)
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li=1/(da +54)-SA (A 2.3-15)
with s as actual wall thickness in spherical portion minus
allowances c.
9

8
L
7 = ]
T~~~
6 S
\

o 5 =]
g 4 B
e 3

2 e 5

] RN
1

0.03 005 0.1 0.2 05 10 20 50 100

b - he?
d; - sg2

Figure A 2.3-1: Shape factor B for the transition
flange/spherical shell

A 2.4 Conical shells

A 2.4.1 Design values and units relating to Section A 2.4

Notation Design value Unit

o semi-angle of the apex at the small end degree
of the cone

g absolute difference between the semi- degree
apex angles ¢4 and o,

G longitudinal stress N/mm?2

6y, |stress intensity N/mm?2

oy mean stress intensity N/mm?

Notation Design value Unit
d, outside diameter of conical shell mm
dyq [outside diameter at large end of mm

cone
dyo | outside diameter at small end of cone mm
d; inside diameter of conical shell mm
diq inside diameter at large end of cone mm
dio inside diameter at small end of cone mm
e die-out length at large end of cone mm
e die-out length at small end of cone mm
e die-out length according to Fig. A 2.4-3 mm
design pressure MPa
r transition radius mm
s wall thickness mm
Sp calculated wall thickness mm
Son | nominal wall thickness of shell minus mm
corrosion allowance, according to Sec-
tion 6.5
S4 wall thickness at large end of cone mm
Ss wall thickness at small end of cone mm
Ap pressure-loaded area mm?2
Ag effective cross-sectional area mm?2
Sm design stress intensity value for test N/mm?2
group A1 components
B shape factor in accordance with Table _
A 2.4-1
¢ semi-angle of the apex of the conical degree
section
?1 semi-angle of the apex at the large end degree
of the cone

A 2.4.2 Conical shells under internal pressure
A 24.21 Scope

The calculation hereinafter applies to unpierced conical shells
under internal pressure where at the large end of the cone the
condition 0.005 < sg,/d; < 0.2 is satisfied. The calculation of
penetrated shells under internal pressure shall be effected in
accordance with Section A 2.8.

Note:

Fordy, - d;j=2 - sgp the value d/d; = 1.67 corresponds to sp/d, = 0.2.

A 2.4.2.2 General

(1) Conical shell with corner welds

Conical shells may be welded to each other or to cylindrical
shells or sections without knuckle in accordance with clause
5.2.3.

(2) Die-out length

For conical shells with inwardly curved transitions the wall
thickness required in accordance with clause A 2.4.2.3, sub-
paragraphs (2) or (4) shall be provided over the knuckle area
limited by the die-out length e (see Figure A 2.4-1).

The following applies:

eq,ey = (r+sOn)-tan%+O.8-1/da “Son

In the case of change in wall thickness within the die-out
length the respective wall thickness at run-out of curvature
shall govern the determination of the lengths e; and e, ac-
cording to equation (A 2.4-1).

(A 2.4-1)

Figure A 2.4-1: Die-out lengths e4 and e,



A 2.4.2.3 Calculation
(1) Wall thickness calculation for area without discontinuity
of a conical shell with ¢ <70°

The required wall thickness of the area without discontinuity of
a conical shell (see Figure A 2.4-2) is obtained from either

ds-p
Sp=————2 = A 2.4-2
0 (2-Sm +p)-cose ( )
or
di-p
Sp =—— 1 A 2.4-3
° " 25n-p)-oosg 249

For the confirmatory calculation at a given wall thickness the
following applies:

Sy :p{L+O.5j£Sm

(A2.4-4)
2-sg, - COSQ

For d; and d; the diameters at the large end of the area with-
out discontinuity of the conical shell shall be taken in equa-
tions (A 2.4-2) to (A 2.4-4).

For d, and d; there is the relation:

di=d;-2-sg,-COS @ (A 2.4-5)

In the case of several consecutive conical shells with the
same apex angle all shells shall be calculated in accordance
with (A 2.4-2) or (A 2.4-3).

Figure A 2.4-2: Area of shell without discontinuity

(2) Calculation of wall thickness of the area with discontinui-
ty of inwardly curved conical shells and ¢ < 70°

The wall thickness shall be dimensioned separately with re-
spect to
a) circumferential loading in external knuckle portion,
b) circumferential loading in internal knuckle portion
and
c) loading along the generating line of shell section.

The largest wall thickness obtained from a), b) and c) shall
govern the dimensioning.

Regarding the circumferential stress for inwardly curved tran-
sitions (Figure A 2.4-1) the required wall thickness shall be
determined by means of equations (A 2.4-2) or (A 2.4-3) for
both sides of the transition.

Regarding the longitudinal stresses the wall thickness can be
obtained from:
da ‘p‘ﬁ
4-Sn,

where the shape factor B shall be taken from Table A 2.4-1 in
dependence of the angle y and the ratio r/d,. Intermediate
values may be subject to straight interpolation.

(A 2.4-6)

Sp =
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The largest value obtained from equation (A 2.4-2) or (A 2.4-3)
and (A 2.4-6) shall be decisive. For the confirmatory calcula-
tion at a given wall thickness the following applies:
= M <Sp,

(A 2.4-7)
4. Son

O
The angle v is the absolute difference of half the apex angles
@4 and o@q:

v =o1 -0y
Where the wall thickness changes within the die-out length
(e.g. forgings, profiles) the wall thickness at run-out of curva-

ture shall govern the determination of the lengths e4 and e,
according to equation (A 2.4-1).

(A 2.4-8)

(3) Wall thickness calculation for the area without discontinu-
ity of conical shells with outwardly curved transitions and
¢ < 70°

In the case of outwardly curved transitions (Figure A 2.4-3)
basically all conditions and relationships apply as for inwardly
curved transitions.

In addition, the following condition shall be satisfied due to the
increased circumferential stress:

A
oy =p|—+05|<S
\% A m

(e2

(A 2.4-9)

Figure A 2.4-3: Conical shell with outwardly curved transition

(4) Wall thickness calculation for the area with discontinuity
of flat conical shells with knuckle and ¢ > 70°

In the case of extremely flat cones whose angle inclination to
the vessel axis is ¢ > 70°, the wall thickness may be calculat-
ed in accordance with equation (A 2.4-10) even if a smaller
wall thickness than that calculated according to equations (A
2.4-2), (A 2.4-3) or (A 2.4-6) is obtained:

(A 2.4-10)

~03-(d. —r)-2. | >
so =0.3-(d, r)goo 5.

A 2.4.3 Conical shells under external pressure

For cones subject to external pressure the calculation shall be
made in accordance with clause A 2.4.2.3. For d;> 50 mm

the allowanceg c4 shall be added to the wall thickness ob-
tained from equation (A 2.4-6).
C4 = 2~[1— 50dmmJ -mm

a

(A 2.4-11)



KTA 3211.2 Page 94

where for d; a numerical value in mm shall be taken. For coni-
cal shells with ¢ not exceeding 45° it shall be additionally
verified whether the cone is safe against elastic instability.
This verification shall be made in accordance with clause
A 2.2.3.3.2 in which case the cone shall be considered to be
equal to a cylinder the diameter of which is determined as
follows:

d, = Jat a2 (A2.4-12)
2-coso

where
d,q diameter at large end of cone,
d,o diameter at small end of cone.
The axial length of the cone and the adjacent cylindrical sec-
tions, if any, shall be taken unless the cylinder is sufficiently
reinforced at the juncture in accordance with clause A 2.2.3.

r/d,
b4
<0.01 0.02 0.03 0.04 0.06 0.08 0.10 0.15 0.20 0.30 0.40 0.50
0 1.1 11 1.1 11 11 11 11 11 11 11 1.1 1.1
10 1.4 1.3 1.2 1.2 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
20 2.0 1.8 1.7 1.6 1.4 1.3 1.2 1.1 1.1 1.1 1.1 1.1
30 27 24 2.2 2.0 1.8 1.7 1.6 1.4 1.3 11 1.1 1.1
45 4.1 3.7 3.3 3.0 26 24 2.2 1.9 1.8 1.4 1.1 1.1
60 6.4 5.7 5.1 4.7 4.0 3.5 3.2 2.8 25 2.0 1.4 1.1
70 10.0 9.0 8.0 7.2 6.0 5.3 4.9 4.2 3.7 27 1.7 1.1
75 13.6 1.7 10.7 9.5 7.7 7.0 6.3 54 4.8 3.1 2.0 1.1
Table A 2.4-1:  Shape factor 3 in dependence of the ratio r/d; and v
A 2.5 Dished heads (domend ends) ® o ———
A 2.5.1 Design values and units relating to Section A 2.5 o~
=
o p
Notation Design value Unit <
d, outside diameter of dished head mm di /
d; inside diameter of dished head mm = =
da
daj inside diameter of opening mm
fi safety factor against elastic instability — Figure A 2.5-1: Dished unpierced head
fi’ safety factor against elastic instability at —
increased test pressure a) Torispherical heads
hy height of cylindrical skirt mm R =d,
h, | height of dished head mm r=01-dy
r radius mm hy, =0.1935 - d, - 0.455 - sq,,
So calculated wall thickness according to mm 0.001< 300 < 4
Figure 7.1-1 d,
Son | nominal wall thickness of the shell exclu- mm Con
ding allowances according to Section 6.5 b) Semi-ellipsoidal heads
p design pressure MPa R =08d,
p’ test pressure MPa r =0.154-d,
Ps elastic instability pressure MPa hy, =0.255 - d, - 0.635 - s,
X distance of weld.tc.) knuckle mm 0.001<30n <1
E modulus of elasticity N/mm?2 dy
R radius of dishing mm c) Hemispherical heads
S design stress intensity according to Sec- | N/mm? d.Jdi<15
tion Table 6.6-1 o
Sm | design stress intensity according to Sec- | N/mm?2 | | d) Dished heads of valves
tion Table 6.6-1 General conditions for dished heads
B shape factor — R<d,
r>0.1d,
A 2.5.2 Dished heads under internal pressure 0.005 <s,/d, < 0.10
A 2.5.2.1 Scope
A 2522 General
The calculation hereinafter applies to dished heads, i.e. tori- . o .
spherical, semi-ellipsoidal and hemispherical heads under | (1) Heightof cylindrical skirt
internal pressure if the following relationships and limits are | For torispherical heads the height of the cylindrical skirt shall
adhered to (see Figure A 2.5-1): basically be hy >3.5-sg, and for semi-ellipsoidal heads




h4 > 3.0 - sg,, however, need not exceed the following dimen-
sions:

Wall thickness sg,, mm | Height of cylindrical skirt hy, mm
Ssogn < 50 150
50 <sg, < 80 120
80 < sg, <100 100
100 < sg, <120 75
120 < sqp, 50

For hemispherical heads no cylindrical skirt is required.

(2) Where a dished head is made of a crown section and a
knuckle welded together the connecting weld shall have a
sufficient distance x from the knuckle which shall be (see
Figure A 2.5-2):
a) in case of differing wall thickness of crown section and
knuckle:
x=0.5-yR-sqg,
where sg, is the nominal wall thickness of the knuckle
excluding allowances.

b) in case of same wall thickness of crown section and knuck-
le:

x = 3.5 - sq, for torispherical heads,
x = 3.0 - sq,, for semi-ellipsoidal heads.
However, the distance | shall normally be at least 100 mm.
c) The determination of the transition from knuckle to crown
section shall be based on the inside diameter. For thin-
walled torispherical heads to DIN 28011 the transition shall
be approximately 0.89-d; and 0.86 -d; for thin-walled

semi-ellipsoidal heads to DIN 28013. These factors are re-
duced with an increase in wall thickness.

0.6 -dg

Figure A 2.5-2: Head with differing wall thickness of knuckle
and crown section

Figure A 2.5-3: Dished head with nozzle
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A 2.5.2.3 Reinforcement of openings

(1) Openings in the crown section 0.6 - d, of torispherical
and semi-ellipsoidal heads and over the full spherical portion
of hemispherical heads shall be examined in accordance with
Section A 2.8 for sufficient reinforcement without consideration
of the R values.

(2) Openings outside 0.6 - d, are taken into account by
increasing the shape factor 3 in accordance with Figures
A 2.5-4 and A 2.5-5, respectively.

(3) Openings in the knuckle area are only permitted in ex-
ceptional cases in which case dimensioning shall be based on
an analysis of the mechanical behaviour.

(4) If the ligament between adjacent openings is not fully
within 0.6 - d,, this ligament width shall be at least equal to the
same of one-half the opening diameters measured on a line
between the centres of the openings.

A 2.5.2.4 Calculation
(1) Calculation of the required wall thickness of the knuckle
under internal pressure
For the calculation of the required knuckle wall thickness the
following applies:
da P B
4.8,

The wall thickness of the crown section shall be determined in
accordance with clause A 2.3.2.2.

sg = (A 2.5-1)

(2) The shape factors 3 for dished heads (unpierced and
pierced heads) shall be taken

a) for torispherical heads from Figure A 2.5-4,
b) for semi-ellipsoidal heads from Figure A 2.5-5
in dependence of sg/d4 and dai/d,.

The shape factors [ are based on the stress theory of von Mises.

Here, the curves with dpi/d, > 0 apply to unreinforced open-
ings for the full area of crown and knuckle.

For unpierced hemispherical heads a shape factor 3 = 1.1
applies irrespective of the wall thickness over the distance

x=0.5-\R-sq (A 2.5-2)
from the connecting weld.

(3) Valve-specific designs

For the valve-specific designs according to Figures A 2.5-6 to

A 2.5-8 the weakening of the main shell may be compensated

by the following measures:

a) by an increase of the wall thickness compared to the un-
pierced head, with an increased wall thickness to extend at
least over the length lo = ,/(2.R; +sy()-sy, (see Figure
A 2.5-6).

b) by tubular reinforcements without or with an increase in
wall thickness of the main shell. Credit of an internal pro-
jection of a branch can only be taken with the portion of the
length la2 < 0.5 14 < 0.5 \[(dy+sy)-Sy; to be contrib-
uting to the reinforcement. The wall thickness ratio sy4/syq
shall not to essentially exceed the value 1 (see Figure
A 2.5-7).

c) by a flanged-out opening (extrusion) in connection with an
increased wall thickness of the main shell. Where the
pressure-loaded areas A, and the effective cross-sectional
areas A, are determined like for tubular reinforcements,
i.e. without taking account of the extrusion radii and the
cross-section losses, then for A the value AZ=0.9 - A
shall be used in the calculation (see Figure A 2.5-8).
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A 2.5.3 Dished heads under external pressure

For the calculation of the required wall thickness of the knuck-
le under external pressure the requirements of clause A 2.5.2
with the additional requirements given hereinafter shall apply:

The required wall thickness so of the knuckle shall be comput-
ed by means of equation (A 2.5-1). When computing the re-
quired wall thickness so the allowable stress intensity Sm or S
depending on the test group shall be reduced by 20 %.

In addition, it shall be verified that the head has been ade-
quately dimensioned against elastic instability in the crown
section.

This is the case if

E Son 2
p<0.366.—.| S0n
f. UR

(A 2.5-3)

The safety factor f shall be taken from Table A 2.5-1. Where
a test pressure in excess of p’ = 1.3 - p is required, a separate

verification of strength against elastic instability shall be made.
In this case the safety factor f; at test pressure shall not be
less than the value given in Table A 2.5-1.

o fi f
0.001 5.5 4.0
0.003 4.0 2.9
0.005 3.7 2.7
0.010 3.5 26
0.1 3.0 2.2

Intermediate values shall be subject to straight interpolation.

Table A 2.5-1: Safety factors against elastic instability under
external pressure

9 = === RS s=== FEFE
0.25-=-0.3 0.4 0.5 F 06 dai /da
§————— :
Soh0.2
7 =S
0.15
6 0
5
: : B .
(ca R T ! = i =
3 et : S
2
1 S o e S B B I e e B W B .
0
0.001 0.005 0.01 0.05 0.1
SOn / da ——

Figure A 2.5-4: Shape factors 13 for torispherical heads
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9
8 0253 0.3 0.4 0.5 6 daj /da
/ 0.2
6
0.15
5
s == - ‘
(<o)} 0 i H N a i
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2 i =
1
0
0.001 0.005 0.01 0.05 0.1
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Figure A 2.5-5: Shape factors B for semi-ellipsoidal heads

\‘0 o d1 o A d1 ‘Sv‘|A
)
| % ‘ N
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\ | . ‘
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\\\/_/—/\/_/JJ ny —
= |
\
\ |
Figure A 2.5-6: Dished head with opening \ Ap ‘
\
\\ V_/—/\/_/—’_J m\
\
dy Yy Figure A 2.5-8: Dished head with flanged-out opening
vV
n A 2.6 Spherically dished heads with bolting flanges
A \ N A 2.6.1 Design values and units relating to Section A 2.6
(o] E—
\ ‘ Notation Design value Unit
/\ | aq. ap. ap| lever arms in acc. with Figure A 2.6-1 mm
. ><> ‘* af. ay.
g ag. ay
A [ b effective width of flange mm
\
Ago \\ Cq wall thickness allowance for consideration| mm
\ Ap of fabrication tolerances
\
\\/f/—" C2 wall thickness allowance for consideration | mm
of wall thickness reduction due to chemi-
cal or mechanical wear
Figure A 2.5-7: Dished head with branch (welded-in tubular d diameter at intersection of flange ring and | mm
reinforcement) spherical section
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(2) According to the geometric relationships distinction is

Notation Design value Unit . :
- - made between type | to Figure A 2.6-1 as shallow-dished
da outside diameter of flange mm | | spherical shell (y > 0) and type Il to Figure A 2.6-2 as deep-
dy outside diameter of spherical crown section| mm || dished spherical shell (y = 0).
dp mean diameter or diameter of gasket con- | mm Determination of d 1 :
tact circle
d; inside diameter of flange mm dq
d/’ inside diameter of spherical crown section [ mm .
d bolt hole diameter mm dy = intersection of flange
d’ calculated diameter of bolt hole mm and spherical shell
dp centroid of flange when subject to twisting [ mm o
dq bolt circle diameter mm \g
he thickness of flange ring mm
ra outside radius of curvature of spherical mm
crown section
ry inside radius of curvature of spherical mm
crown section ‘_‘
Sn nominal wall thickness mm )
Sp wall thickness of spherical crown section mm
Fp compression load on gasket N
Fos compression load on gasket to ensure tight| N IS :
joint (gasket load difference between de- ]
sign bolt load and total hydrostatic end
force) =
Fpeui | required gasket load at operating condi- N =
tion of floating type flanged joints - E
Fov gasket seating load N =
Fe difference between total hydrostatic end| N &
force and the hydrostatic end force on £
area inside flange -
Fh horizontal force N
Fs bolt load N
FsguiL minimum value of bolt load at operating N
condition of floating type flanged joints ) ] . ] .
Fso bolt load for gasket seating condition N Figure A 2.6-1: Spherllcally dished head with shallow-dished
. spherical shell (type I, y > 0)
Fv vertical force N
M, moment of external forces Nmm
Mag moment of external forces for operating Nmm A d
conditions
sa_ da
Mo moment of external forces for gasket seat- | Nmm -
ing condition \Q As
My bending moment Nmm —— /
M torsional moment Nmm dL F % —y
Sm design stress intensity according to Sec-  |N/mm?2 v -
tion Table 6.6-1 sl av § O
I
Q transverse force N Fe A
OBO upper limit value of gasket bearing surface [N/mm? * P
load for operating conditions Qu_! K - &
ovo upper limit value of gasket bearing surface [N/mm?2 _é—f—c ] p‘s VI[ Fy R
load for gasket seating condition 1 ©
oy lower limit value of gasket bearing surface [N/mm?2 A ‘
load for gasket seating conditions Fol IFF
GVUIL minimum gasket contact surface load at ~ N/mm? afl L di
bolting-up condition acc. to Section A 2.11 a ‘ ‘ d
n friction factor — D — D
dp
A2.6.2 General d
(1) Spherically dished heads with bolting flanges which e.g. B da

are used to cover valve bodies consist of a shallow or deep-
dished spherical shell and a bolting flange. Therefore, the
strength calculation comprises the calculation of the flange | Figure A 2.6-2: Spherically dished head with deep-dished
ring and the spherical shell. spherical shell (type Il, y = 0)




A 2.6.3 Calculation of the flange ring

(1) The strength conditions for the flange ring are:
Fi

—F—<S A 2.6-1

2.n-b-hg =™ ( )
- Mg +3 Ft:'h <S, (A26-2)

2‘n‘|:4hF2+81(Se2_302):| 7b-hp

with

Se =Sp-C1-C2
The wall thickness sg of the spherical shell without allowances
shall be, at a diameter ratio d /di < 1.2, as follows:

r-p
Sg=7——— A 2.6-3
0=%s, _p ( )
or
ra-p
= A 2.6-4
S0=3, ( )

with d; =2-r; and d/ =2-r

For 1.2 < dj /d; <1.5 the following equations shall be used for
calculating the wall thickness s of the spherical shell:

Sg =1- 1+L—1
2.8, -p
2.p
/1 — 1
+2-Sm—p

2-p
1 - r
" 2.-S,-p
The equations (A 2.6-3) to (A 2.6-6) lead to the same results if
f=rs—So.

(A 2.6-5)

So="Th- (A 2.6-6)

(2) The moment M, resulting from external forces referred to
the centroid of flange Ps shall be for the operating condition:

4-Mg
1

MaB ZFS'as-F[Fv-FFaX-F ]~aV+FF~aF+FD~aD+FH-aH

(A 2.6-7)
The compression load Fp on the gasket, in the case of appli-
cation of a transverse force due to friction at a certain value
shall be determined by:
2-My
- ;FDB}

[Q 2-M,
Fp =max| —+———
uop-dp dp

(A 2.6-8)

The compression load Fp on the gasket, in the case of appli-
cation of a transverse force due to infinite friction shall be
determined by:

Fp = max 2:My —max[z‘Mb ; 4'Mbj; Fos (A 2.6-9)
n-dp db  dt

The moment M, for the bolting-up condition shall be:

Mzo = Fso (as + aD) (A 2.6-10)
The moments applied clockwise shall be inserted with negative
signs in equations (A 2.6-7) and (A 2.6-10). The strength condi-

tion in equation (A 2.6-2) shall be calculated with both mo-
ments Mg and M,y where for the bolting-up condition sg = 0

shall be taken.

(3) The forces are obtained from the following equations:

a) Operating bolt load

4-M,
D

FsgusL =Fv +Fr +Fpau/L - Sp +Fax + +Fz

(A2.6-11)
For Sp a value of at least 1.2 shall be taken.
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In the verification of bolt stresses the bolt circle diameter d;
may be used instead of the gasket diameter dp,.

In the case of application of a transverse force due to
friction at a certain value Fz shall be determined by:

Fz =max {0:9+ 2 M _FDBU/L_Z.Mb}

(A2.6-12)
uoup-dp dp

In the case of application of a transverse force due to
infinite friction Fz shall be determined by:

FZ =max O,—zwlt _FDBU/L —maX(Z.Mb ,4Mb]
n-dp

dp  dy
(A 2.6-13)
b) Vertical component of force on head
Fy :p%-di2 (A 2.6-14)

c) Difference between total hydrostatic end force and the
hydrostatic end force on area inside flange

P =p~%~(dD2 —diz) (A 2.6-15)
d) gasket load at operating condition
FpeuiL =7 - dp - bp - cguL (A 2.6-16)

The allowable (maximum bearable) gasket load reaction at
operating condition shall be:

Fpeo =7 -dp - bp - ogo
with
bp, ogy/L and ogg acc. to Section A 2.11.

e) Horizontal component of force on head

2

T 2 di
Fo=p-—-d -4Jrc ——
H P2 19 2

with
dj
r=——-01
2
For the gasket seating condition the following bolt load Fggy
applies:
Fsou = max. {Foyu,L -Sp; FsgusL 11}
with

(A 2.6-17)

(A 2.6-18)

Fpvy =m-dp - bp - ovyr
Sp at least 1.2

In the gasket seating condition the gasket shall be loaded with
a maximum of:

Fovo=m-dp-bp - ovo
oyy/L and oyg acc. to Section A 2.11.
(4) The lever arms of the forces in the equations (A 2.6-7)

and (A 2.6-10) used for determining the moments are obtained
from Table A 2.6-1.

Spherically dished head
Lever arm

Type | | Type Il
ag 0.5 (d¢-dp)
ay 0.5 (dp - d1)
ap 0.5 (dp - dD)
ay determine graphically 0.5 hg
aF ap + 0.5 (dp - d)

Table A 2.6-1: Lever arms for equations (A 2.6-7) and (A 2.6-10)
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(5) The effective width of the flange shall be:
b=05 (d;-dj-2-d)

with df =v-d_

(A 2.6-19)

For inside diameters d; equal to or greater than 500 mm
v = 0.5 and for d; less than 500 mm v =1 - 0.001 - d; (d; in mm).

(6) The centroid of flange dj, is obtained from:

dp=da-2-S, (A 2.6-20)
with
0.5-a>+ay-(a;+d, +0.5-a,)
S, = (A 2.6-21)
aq+as

and

a;=0.5"(dy - d¢-dy) (A 2.6-22)

a,=0.5"(d;-di-d|) (A 2.6-23)

A 2.6.4 Calculation of the spherical shell under internal pres-
sure

The calculation shall be made in accordance with clause A 2.3.4.

A 2.7 Flat plates

A 2.7.1 Design values and units relating to Section A 2.7

Notation Design value Unit
ap gasket moment arm mm
da opening diameter mm
dp mean diameter or diameter of gasket mm
contact face
d; inside diameter mm
d; bolt circle diameter mm
p internal pressure MPa
Sm design stress intensity according to Sec- | N/mm?2
tion Table 6.6-1
So calculated wall thickness mm
Son nominal plate wall thickness minus al- mm
lowances
SRO required plate thickness at edge mm
E modulus of elasticity N/mm?2
Fp maximum gasket seating stress in con- N
sideration of the unequal distribution of
bolt loads

The design values and further notations will be explained with
the pertinent equations.

A 2.7.2 Scope

The calculation rules given hereinafter apply to flat plates with
and without edge moment under pressure load for the range

0.543 .4\;/5 <Sonpt 1
E- d 3

A 2.7.3 Calculation

A 2.7.3.1 Circular flat plate integral with cylindrical section

(1) In case of a plate integral with a cylindrical section as
shown in Figure A 2.7-1 the plate and cylinder shall be con-
sidered a unit.

SnZyl |l di

Figure A 2.7-1: Flat plate integral with cylindrical section (for
design see Figure 5.2-7)

(2) According to footnote 1) of Table 7.7-1 there are two
possibilities of dimensioning the juncture between flat
plate/cylindrical shell.

Note:

Compared to alternative 1, alternative 2 allows for thinner flat
plates at greater wall thickness of the cylindrical shell.

a) Alternative 1:
Predimensioning of the plate

SO,P| 2045d| N SL

m

(A2.7-1)

Predimensioning of the cylindrical shell in accordance with
Section A 2.2.

Check of stresses in cylindrical shell:
0.82+o.85-B—22-\/§
3:Sy >p-|6-Bs?- 832
6.56+3.31-%-1/B1
3

+—-By+1
2

(A2.7-2)
d +s
with By =———omayl (A 2.7-3)
2-80n, 2y
s
B, = —onPL (A2.7-4)
SOn,ZyI
di+s
5= i On, Zy! (A 2.7-5)
2-sgn,pl
b) Alternative 2:
Predimensioning of the plate
s
Sopl =|045-0.1.—0 | g | P (A 2.7-6)
Son, PI Sm

Predimensioning of the cylinder in accordance with Section
A22.

Check of stresses in the cylinder:

B>
0.82+o.85-B—2-\/E

15-Sy >p-| 6B 3 L

+—-B4+1

B,? 2
6.56+3.31. -2 B,
B3
(A2.7-7)
di+s
with By =—— o2yl (A 2.7-8)
2505, 2y
S
B, = —on.PL (A 2.7-9)
Son, zyl
d+s
B, = —onzyl (A 2.7-10)

2-s0,py



For both alternatives it may be required to increase the wall
thicknesses obtained from predimensioning for plate and cy-
lindrical shell and to repeat the check of the stresses in the
shell at the transition to the plate in accordance with equation
(A2.7-2)or (A2.7-7).

(3) Openings in flat plates as shown in Figure A 2.7-1 shall
be reinforced in accordance with clause A 2.8.2.3. Alternative-
ly, the procedure of clause A 3.3.5 with equation (A 3.3-4) may
be used.

(4) Off-centre openings may be treated like central openings.

(5) At a diameter ratio dp/d;> 0.7 the plate shall be calculat-
ed as flange in accordance with Section A 2.10.

A 2.7.3.2 Unstayed circular plates with additional edge mo-
ment

(1) For flat plates provided with a gasket and bolted at the
edge the deformation shall also be taken into account by using
equation (A 2.7-11) in addition to the strength calculation in
accordance with equation (A 2.7-14), so that the tightness of
the joint is ensured in which case the bolting-up, test and
operating conditions shall be considered.

oy
dp

f————————

Figure A 2.7-2: Circular flat plate with additional edge mo-
ment

(2) The required wall thickness sy of unstayed flat circular
plates with additional edge moment in same direction in ac-
cordance with Figure A 2.7-2 will be:

p

Sm
The C value shall be taken from Figure A 2.7-3 in depend-
ence of the ratio dy/dp and the & value in which case the ratio
of the required bolt load to hydrostatic end force on inside of
flange is

So :C'dD' (A27-11)

(e}
BUIL .S,

5=1+4.—P (A 2.7-12)

dp

where, as a rule Sp = 1.2 is inserted. bp is the gasket width
according to Section A 2.11.

The equation given hereinafter leads to the same C value as
Figure A 2.7-3:

c=10.063-|-%7 126|+0.125.5-[0.7-[1-— |+
d;/dp dy/dp

2.6-In(d; /dp) }}1/2

(A2.7-13)
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The deflection of the plate with wall thickness so in accordance
with equation (A 2.7-11) should be checked with respect to the
tightness requirements by use of equation (A 2.7-14).

Where the deflection is limited e.g. to w = 0.001 - dp, x = 0.001
shall be inserted in equation (A 2.7-14).

(A 2.7-14)
x-E n-X-E

3
. Z?\,/0.0435~p-dD N 1.05-Fp -ap
with the compression load on gasket Fp according to Section
A 2.9 and the gasket moment arm
di—dp

D=7 5

A2.7-15
2 ( )

A 2.7.3.3 Unstayed circular plate with opening and additional
edge moment

The equations hereinafter apply to the inside pressure p and
an edge moment acting in the same direction and resulting
from the pertinent bold load. The equations shall apply to the
design and test condition. The maximum value of the required
plate thickness s obtained shall govern dimensioning.

The required wall thickness shall be:

So=C-Cpy-dp - |2 (A 2.7-16)
Sm
with
Cc factor as given in Figure A 2.7-3 —
Caq factor relating to opening as given in Fig- —
ure A2.7-4
dp  gasket diameter mm
p internal pressure, either use pp (design MPa
pressure) or pp (test pressure)
The required wall thickness at the edge then is:
Sro = 0.7 - 59 (A2.7-17)

The factor C shall be taken from Figure A 2.7-3 in depend-
ence of di/dp and

(e}
BU/L .S,

5=1+4.—P (A 2.7-18)

dp

bp gasket width according to Section A 2.11 mm

Sp safety factor for the gasket, eitheras SDP=1.0 —
for the test condition (Level P) or as SDA = 1.2
for the design condition (Level 0)

di bolt circle diameter mm
dp gasket diameter mm
ogy/. Minimum gasket contact surface load at op-  N/mm?

erating condition acc. to Section A 2.11

The factor Cp4 is derived from Figure A 2.7-4 in dependence
of di/dp and dy/dp as well as the designs with or without tubular
reinforcement.
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Figure A2.7-3: Factor C of flat circular plates with additional edge moment acting in same direction (acc. to equation A 2.7-13)
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di/dp
16
20 ==
L—— 14
18 7
~ 1.2
16 —~1.6
A 1.0
14
14
z_ ~ B
= 27 1.2
o ,,/, II,,
> 12 L7
.E III II 7
5 177 1.0
o S
o 1T //
e
£ 10
S
[&)
«
L
0.8
A = B
0.6 di . %
[ -
X i i == X
&S RN 1 N EHE N
04 - —=— do [Z IR £ ——
R T % _
0.2 d =
0
0 0.1 02 0.3 0.4 05 0.6 0.7 0.8
Ratio dj/dp —_

Figure A 2.7-4: Factor Cp4 for unstayed circular plates with opening and additional edge moment
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A 2.7.3.4 Inside circular plate with opening

The equation hereinafter applies to the internal pressure p and
shall be applied to the design and test condition. The maxi-
mum value of the required plate thickness sy obtained shall
govern dimensioning.

D |

P

1 7 7
Pbtet

Figure A 2.7-5: Inside circular plate with opening

The required wall thickness shall be:

So=C-Cp-Dy- |- (A2.7-19)
Sm
with
Cc factor = 0.4 —
Cp factor relating to opening as given in Figure —
A27-4
D4 gasket diameter mm
p internal pressure, either use pp (design MPa

pressure) or pp (test pressure)

Alternately, the factor Cp may be determined from Figure
A 2.7-6 in dependence of di/D, for case A.

with
d; inside diameter of opening mm
D, diameter of plate mm

A 2.7.3.5 Bolted rectangular and elliptical plates with opening

The equations hereinafter apply to internal pressure p and an
edge moment acting in the same direction and resulting from
the pertinent bolt load. The equations shall apply to the design
and test condition. The maximum value of the required plate
thickness sg obtained shall govern dimensioning.

The required wall thickness shall be:

sg=C-Cpq-Cg-f- SL
m

with

(A 2.7-20)

C factor as given in Figure A 2.7-3 —

factor relating to opening as given in Figure —
A2.7-4

Ce factor as given in Figure A 2.7-7 —

f smallest gasket diameter mm
e greatest gasket diameter mm
internal pressure, either use pa (design pres- MPa
sure) or pp (test pressure)
The required wall thickness at the edge then is:
Sro = 0.7 - 59 (A 2.7-21)

The factor C shall be taken from Figure A 2.7-3 in depend-
ence of di/dp and

o
WIL s,

S=1+4.—P (A 2.7-22)
with
bp  gasket width according to Section A 2.11 mm
Sp  safety factor for the gasket, eitheras SDP=1.0 —
for the test condition (Level P) or as SDA = 1.2
for the design condition level 0)
oyy/L Minimum gasket contact surface load at N/mm?2
bolting-up condition acc. to Section A 2.11
di smallest inscribed bolt circle diameter mm

The factor Cp1 is derived from Figure A 2.7-4 in dependence
of d/f in lieu of Dydp and dy/f in lieu of dy/dp as well as the
designs with or without tubular reinforcement.

For rectangular and elliptical plates the factor Cg may be de-

termined by means of Figure A 2.7-7 in dependence of the
rectangular or elliptical gasket.

A 2.7.3.6 Clamped flat heads

The equations hereinafter apply to the internal pressure p and
shall be applied to the design and test condition. The greatest
stress occurring is a radial bending stress at the edge:
3-p-ra2
Gy = —2 <1.5. Sm
4. So

(A 2.7-23)

The maximum value obtained of the required plate thickness
sg shall govern dimensioning:

s :%. 1.2.‘2”1 (A 2.7-24)
with
ra radius of plate mm
p internal pressure, either use pa (design N/mm?2

pressure) or pp (test pressure)
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Figure A 2.7-6: Factor Cp relating to opening for stayed circular plate with opening

Factor Cg ———

Figure A 2.7-7: Factor Cg for rectangular and elliptical plates

rectangular

elliptical
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Figure A 2.7-8: Clamped flat head

A 2.7.3.7 Body cover plate with opening for stem and rein-
forcement of opening, for valves

(1) The cover plate shown in Figure A 2.7-9 is shown as
simply supported circular plate with an outside diameter d; and
an inside diameter d;. The inside edge is assumed to be guid-
ed.

(2) The loading due to internal pressure p is determined by
means of the superposition in accordance with Figure A 2.7-10.
In addition, the loads Fs, = Fg, + Fg and the compression load
on the gasket Fp are applied which are assumed to be uni-
formly distributed over circular rings.

(3) The stress due to internal pressure is determined by:

op = % (A 2.7-25)
S

'Mp
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From the superposition as shown in Figure A 2.7-10 follows

Mp =My, - M(dt—dD) (A 2.7-26)
Note:
The equations given hereinafter for My, and M(drd were taken

from "Formulas for Stress and Strain", 5th edition, R.J. Roark,
W.C. Young, McGraw-Hill, New York, 1975, Case 2 on p. 339.

where
2
p-di
My, = L} A2.7-27
6 =4.cg 17 ( )
2
_b-dy ., i
(di-cp) = 4 Ce L{7 (A 2.7-28)
1 d4;)?
Csg =5 1+v+(1—v)-[—'j (A 2.7-29)
t
1. 1-v ) (d)?
LI17 =—- 1— . 1_ h— - =
4 4 d; d;
(A 2.7-30)
{1+(1+v) In=t
I
1. 1-v do ) | (dp)
L{7 =—-|1- 1-|—| |-
4 4 d; d;
(A 2.7-31)
{1+(1+v)~ln&D
dp
where
di bolt circle diameter mm
dq  gasket diameter mm
d; inside diameter for opening for stem mm
p internal pressure, either use as pp (design MPa

pressure) or pp (test pressure)
% Poisson's ratio —
(4) The stresses due to the force Fg, applied on the circular

ring with the diameter k and of the force Fp applied on the
circular ring with the diameter dp were determined as follows:

6
OFgp = 3—2 ‘Mg (A 2.7-32)
6
OFp = 3_2 . MdD (A 2.7-33)
where
Note:

The equations given hereinafter for My and My, were taken from
"Formulas for Stress and Strain", 5th edition, R. J. Roark, W.C.
Young, McGraw-Hill, New York 1975, Case 1b, p. 335.

Fep -dy - Lt
My =52 L =9 A2.7-34
K™ 2.1k Cq ( )
K [1+v  d 1- k)?
Ly = —| —— =t + — . 1—[—]
d | 2 k 4 d,
My, = Fp-di-Ls (A 2.7-35)

where

Fso  resulting force from F, (actuating force) N
and Fg (external force, e.g. resulting from
earthquake)

Fp  compression load on gasket (= Fpg) N

dy bolt circle diameter mm

dq  gasket diameter mm

k diameter subject to application of external mm
forces

v Poisson's ratio —

(5) The strength condition for the body cover is as follows:

Gges = Op + OF + opp < 1.5 S (A 2.7-36)

Fst Fs2 S"—"ﬂj
w Y V%\

|

|

N\ |

[ |
|

|

I
di

dp
gy

FS1 = FD + Fp+ FSZ
Fso=Fsp+ FE

Figure A 2.7-9: Body cover with opening for stem and rein-
forcement of opening
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d
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Figure A 2.7-10: Superposition for internal pressure



A 2.7.3.8 Body covers with opening for stem, without tubular
reinforcement of opening

(1) The cover plate shown in Figure A 2.7-11 is shown as
simply supported circular plate with an outside diameter d;
and an inside diameter d;. The inside edge is assumed to be
guided.

FS1 = FD + Fp+ Fsz
Fso=Fspt Fe

Figure A 2.7-11: Body cover with opening for stem, without
reinforcement of opening

i
| x
e

| -
" : N Mig;-dop)
il x

Figure A 2.7-12: Superposition for internal pressure

(2) The loading due to internal pressure p is determined by
means of the superposition in accordance with Figure A 2.7-12.
In addition, the loads Fs, = Fg, + Fg and the compression load

on the gasket Fp are applied which are assumed to be uni-
formly distributed over circular rings.
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(3) The stress due to internal pressure is determined by:

op = L M, (A 2.7-37)

s2

From the superposition as shown in Figure A 2.7-12 follows

Mp =Mg, =M, qp) (A 2.7-38)

Note:
The equations given hereinafter for

Mg, and M(dt ~dp)

were taken from "Formulas for Stress and Strain”, 5th edition,
R.J. Roark, W.C. Young, McGraw-Hill, New York, 1975, Case

2a on p. 339.
M p-dt3-(1—v2) L} (A 2.7-39)
dy = 4.4,-C, L7 -
p-d3 .(1— v?)
M(dt—dD) = —4‘di c -L47 (A 2.7-40)
Cr=o (1—v2 ) d g (A2.7-41)
2 d d;
1. 1-v (di)“ (d,jz
Liz =—-11- - = |-|=—
4 4 d; d;
(A2.7-42)
{1+(1+ v)-In=t
i
4 2
, 1 1-n [d ] [dD]
L7 =— | 1-———1-|=—=| |-|—
4 4 d; d,
(A 2.7-43)
{1+(1+n) ndt
D
where
di bolt circle diameter mm
dq  gasket diameter mm
d; inside diameter for opening for stem mm
p internal pressure, either use as pp (design MPa

pressure) or pp (test pressure)
v Poisson's ratio —

(4) The stresses due to the force Fp applied on the circular
ring with the diameter dp and of the force Fg, applied on the
circular ring with the diameter k were determined as follows:

OFgp = % Mg (A 2.7-44)
]
6
OFp = S—z-MdD (A 2.7-45)
with
Note:

The equations given hereinafter for My and My, were taken from
"Formulas for Stress and Strain”, 5th edition, R. J. Roark, W.C.
Young, McGraw-Hill, New York 1975, Case 1a, p. 335.

Fep-dy-Ly [1-v2
MK: .
2'TE'k'di C7

(A 2.7-46)

k |1+v  dy 1-v
SR Y S

Ly =—-
°Td, | 2 Tk 4




KTA 3211.2 Page 108

Fo-d? Lg
M :%i-( —v2) (A 2.7-47)
D 2. - dD . di C7
2
" dD 1+v dt 1-v dD
L9 = . ln—— 1= —=
d; 2 dp 4 d;
where
Fso  resulting force from Fg, (actuating force) N
and Fg (external force, e.g. resulting from
earthquake)
Fp  compression load on gasket (= Fpg) N
di bolt circle diameter mm
dp  gasket diameter mm
k diameter subject to application of external mm
forces
\4 Poisson's ratio —

(56) The maximum stress is obtained as tangential bending

stress:
Gges = Gp + GF + OFD < 15 Sm (A 27-48)

A 2.7.3.9 Sealing plate without opening, pressure loaded
from one side, without external edge moment

The sealing plate is shown to be a simply supported circular
plate with a diameter dp (see Figure A 2.7-13). The load is
the pressure p uniformly distributed over the entire plate.

i
g

dp

Figure A 2.7-13: Circular flat plate

The maximum loading in the centre of the plate is
3-df-p

G, =6y = 32,32 (3 + v) (A 2.7-49)

with v = 0.3 the strength condition follows
2
o, = oy :0.31-p-[d—Dj <1.5.S, (A 2.7-50)
s

where
dp  gasket diameter mm
s plate thickness mm

A 2.7.3.10 Valve sealing disks in the form of a circular plate

The disk is shown as a simply supported circular plate with a

diameter dp (see Figure A 2.7-14). The load applied is the

pressure p uniformly distributed over the entire plate and the

load F distributed uniformly over a circular ring with a diameter

ds. The maximum stress in the centre of the plate is
or=0t=01t03

(A 2.7-51)

where the maximum stress results from the internal pressure p
as follows

,3‘d22'P,
32.52

With v = 0.3 it follows

o (3+v) (A 2.7-52)

dn 2
o1= O.31-p-(—Dj (A 2.7-53)
s
The maximum stress due to F is:
3-F
Gy = -B4 (A 2.7-54)
2182
with
By = 0.5-(1—V)+(1+V)-Ind—D—(']—v)- d522 (A 2.7-55)
ds 2.dp
where
dp  gasket diameter mm
S plate thickness mm
ds  effective diameter subject to applied actuat- mm
ing forces
The strength condition is
6=01+06,<15-5, (A 2.7-56)

ds

:

B

| dp |

Figure A 2.7-14: Valve sealing disk in the form of a circular
plate

A 2.7.3.11 Valve sealing disk in the form of a circular ring
plate

The valve disk is shown as a simply supported circular ring
plate with free inside edge. The outside diameter is dp, the
inside diameter dg (see Figure A 2.7-15). The load applied is
the pressure p uniformly distributed over the ring plate and the
load F uniformly distributed at the inner edge of the ring plate.

The maximum bending stress at the inner edge is obtained as
circumferential stress as follows:

(A 2.7-57)

in which case the maximum circumferential stress resulting
from the pressure p is

oy=o01t 0y

(A 2.7-58)

(A 2.7-59)
(simply supported circular ring plate with free inner edge) and
the maximum circumferential stress due to the load F is

__3F ‘B, (A 2.7-60)
2.8

G2 2



C2:dp®(1+v)

B, = ~|nd—D+(1—v)

_— A 2.7-61
ar e ( )

(simply supported circular ring plate with free inner edge and
load distributed over the ring)

The strength condition is

Gt=01+0,<15- S, (A 2.7-62)

ds

i

e

dp

Figure A 2.7-15: Valve disk in the form of a circular ring plate

A 2.8 Reinforcement of openings

A 2.8.1 Design values and units relating to Section A 2.8
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Notation Design value Unit

A cross-sectional area of the required rein- mm?2
forcement of opening

A4. A,. | metal area available for reinforcement mm?2

Az
correction factor acc. to Figure A 2.8-1 —
angle between axes of branch and run degree
pipe

35 elongation at fracture —

¢ angle between vertical and slope degree

Notation Design value Unit

dag outside diameter of branch mm

dpe inside diameter of opening plus twice the mm
corrosion allowance ¢y

daj inside diameter of opening reinforcement| mm
plus twice the corrosion allowance c,

dam mean diameter of nozzle mm

dpi inside diameter of basic shell mm

dHm mean diameter of basic shell at location mm
of opening

ea limit of reinforcement, measured normal mm
to the basic shell wall

ey half-width of the reinforcement zone mm
measured along the midsurface of the
basic shell

e’y half-width of the zone in which two thirds mm
of compensation must be placed

I (see Figure A 2.8-10) mm

rq. rp. ra | fillet radii mm

Sa nominal nozzle wall thickness including mm
the reinforcement, but minus allowances
cq and ¢y

SA0 minimum required nozzles wall thickness mm

SH nominal wall thickness of vessel shell or mm
head at the location of opening including
the reinforcement, but minus allowances
cq and ¢,

SHo minimum required wall thickness of basic mm
shell

SR nominal wall thickness of connected mm
piping minus allowances cq and c,

X slope offset distance mm

A 2.8.2 Dimensioning of reinforcements of openings in vessels
A 2.8.2.1 Scope

(1) (1) The scope of the design rules given thereinafter cor-
respond to the scopes mentioned in Sections A 2.2 to A 2.5,
A27and A5.24.

(2) The design rules only consider the loadings resulting
from internal pressure. Additional forces and moments shall
be considered separately.

(3) The angle B between the axes of branch and run pipe
shall be equal to or greater than 60°.

A 2.8.2.2 General

(1) Openings shall normally be circular or elliptical. Further
requirements will have to be met if the stress index method in
accordance with clause 8.2.2.3 is applied. In this case in addi-
tion to the scope given in the aforementioned clause the de-
sign requirements for the stress index method according to
clause 5.2.6 shall be met.

(2) Openings in the basic shell shall be reinforced as follows:

a) by selecting a greater wall thickness for the basic shell than
is required for the unpierced basic shell. This wall thickness
may be considered to be contributing to the reinforcement
on a length ey measured from the axis of opening,

b) by nozzles which, on a length ea measured from the out-
side surface of the basic shell, have a greater wall thick-
ness than is required for internal pressure loading. The
metal available for reinforcement shall be distributed uni-
formly over the periphery of the nozzle,

c) by combining the measures in a) and b) above.

Regarding a favourable shape not leading to increased loa-
dings/stresses subclause c) shall be complied with.

(3) When an opening is to be reinforced the following diame-
ter and wall thickness ratios shall be adhered to:

A wall thickness ratio sa/sy up to a maximum of 2 is permitted
for daj not exceeding 50 mm. This also applies to nozzles with
dp; greater than 50 mm if the diameter ratio dai/dy; does not
exceed 0.2.

For nozzles with a diameter ratio dpi/dy; greater than 0.2 the
ratio sp/sy shall basically not exceed 1.3. Higher values are
permitted if

a) the additional nozzle wall thickness exceeding the afore-
mentioned wall thickness ratio is not credited for rein-
forcement of the opening, but is selected for design rea-
sons, or

b) the nozzle is constructed with a reinforcement zone re-
duced in length (e.g. nozzles which are conical for rea-
sons of improving testing possibilities) in which case the
lacking metal area for reinforcement due to the reduced in-
fluence length must be compensated by adding metal to
the reduced influence length.
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Nozzles with inside diameters not less than 120 mm shall be
designed with at least two times the wall thickness of the con-
nected piping in which case the factor refers to the calculated
pipe wall thickness. Referred to the actual wall thickness the
factor shall be at least 1.5.

(4) Openings need not be provided with reinforcement and
no verification need be made for openings to A 2.8.3.2 if

a) a single opening has a diameter equal to or less than

0.2- /0.5-dyy, -sy or, if there are two or more openings
within any circle of diameter 2.5 - ,/0.5-dy, -sy , but the

sum of the diameters of such unreinforced openings shall
not exceed 0.25 - ,/0.5-dy,, -sy , and

b) no two unreinforced openings have their centres closer to
each other, measured on the inside wall of the basic shell,
than 1.5 times the sum of their diameters, and

c) no unreinforced opening has its centre closer than

2.5. 0.5.-dyy, -sy to the edge of any other locally stres-
sed area (structural discontinuity).

(5) Where nozzle and basic shell are made of materials with
differing design stress intensities, the design stress intensity of
the basic shell material, if less than that of the nozzle, shall
govern the calculation of the entire design.

Where the nozzle material has a lower design stress intensity,
the reinforcement zones to be located in areas provided by
such material shall be multiplied by the ratio of the design
stress intensity values of the reinforcement material and the
basic shell material.

Where the materials of the basic shell and the nozzle differ in
their specific coefficients of thermal expansion, this difference
shall not exceed 15 % of the coefficient of thermal expansion
of the run pipe metal.

A 2.8.2.3 Calculation
A 2.8.2.3.1 Required reinforcement

(1) The total cross-sectional area A of the required rein-
forcement of any opening in cylindrical, spherical and conical
shells as well as dished heads under internal pressure shall
satisfy the following condition:

A>dpe - SHo - F (A2.8-1)
where the correction factor F applies to rectangular nozzles
and shall have a value of 1 for all planes required for dimen-
sioning. For cylindrical or conical shells F shall be taken from
Figure A 2.8-1 for a plane not required for dimensioning in
dependence of its angle to the plane under consideration.

(2) Openings in flat circular heads not exceeding one-half
the head diameter shall have an area of reinforcement of at
least

A>0.5-dpe - Sho (A 2.8-2)

A 2.8.2.3.2 Effective lengths

(1) Credit may be taken for radii or tapers at nozzle-to-basic
shell transitions according to clause 5.2.6 in equation (A 2.8-7)
determining the effective length.

(2) The effective length of the basic shell shall be deter-
mined as follows:

ey = dAe (A 28-3)
or

ey = 0.5- dAe + SH + Sa (A 28-4)
The calculation shall be based on the greater of the two val-
ues. In addition two thirds of the area of reinforcement shall be
within the length 2 - ey (Figures A 2.8-8 to A 2.8-10), where

ey is the greater value of either

el = O.5~(dAe +,J0.5-dyy .sH)

ey =0.5-dpe +2/3-(sy +sp)

1.00 T~

N

(A 2.8-5)
or
(A 2.8-6)

0.95 N\

0.90 \
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Angle between the plane containing the shell
generator and the nozzle axis and the plane
under consideration through the nozzle axis

Figure A 2.8-1: Chart for determining the correction factor F for
nozzles normal to cylindrical or conical shells

(3) The effective length for nozzles according to Figures
A28-2, A 2.8-3, A 2.8-5, A 2.8-6 shall be determined as
follows:

ea =o.5.(,/o.5.dAm.sA +r2) (A 2.8-7)
where
dAm = dAi + Sa (A 28-8)

In the case of a nozzle with tapered inside diameter according
to Figure A 2.8-6 the effective length shall be obtained by
using dp; and sp values at the nominal outside diameters of
the basic shell.

(4) The effective length for nozzles according to Figures
A 2.8-4 and A 2.8-7 shall be determined as follows:

ep=0.5.,0.5-dpyy-Sa (A 2.8-9)
where
dam = daj + Sa (A 2.8-10)

and additionally for reinforced openings to Figure A 2.8-4
sp=sr+ 0.667 - x (A 2.8-11)

In the case of a nozzle with a tapered inside diameter accord-
ing to Figure A 2.7-7 the limit of reinforcement area shall be
obtained using da; and sp values at the centre of gravity of
nozzle reinforcement area. These values shall be determined,
if required, by a trial and error procedure.



Figure A 2.8-2

dae =dai SR=SA

‘F\/\‘T‘

|

daa

‘ dam ¥ sa/2

| XS

! WN \ oy

NERZA

L/ E )
=3 =3

Figure A 2.8-5

KTA 3211.2 Page 111

dpe = dp; s _ sp=sp+ 0.667-x
Ae ~ VA % dpe = da; i R
‘SRA _ PR
|
‘\/\F  Offset - 1
A} a< 30°
o
‘ Y
N ‘5/ 1
] A I
‘ i |
'—/ ET |
Xl & =3
Figure A 2.8-3 Figure A 2.8-4
dAi SA dAi L SA B
_1SA0 SAQ
‘ T L\Tﬁ
| ] 7 M2 O
| S W, & | O, 1
‘ \ ‘ Agl2 Y

. O 3 _

2 e - T ! BN ] ? }

e gE s e | I
€H . €H

Figure A 2.8-6 Figure A 2.8-7

Figures A 2.8-2 to A 2.8-7: Allowable nozzle configurations
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Figure A 2.8-8: Oblique cylindrical branch

Figure A 2.8-9: Oblique conical branch
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Figure A 2.8-10: Conical shell with reinforced opening
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Figure A 2.8-11: Conical branch in spherical shell

A 2.8.2.3.3 Loading scheme for metal areas available for
reinforcement

(1) The metal areas A4, Ay, Az available for reinforcement
used to satisfy equation (A 2.8-1) are shown in Figures A 2.8-8
to A 2.8-11 and shall satisfy the condition A + A, + A3 equal
to or greater than A.

(2) Interaction between nozzle opening and cone to cylinder
transition shall only be taken into account if

<25 \[(dynl2)-sH (A 2.8-12)
where
de = dHi + SH (A 28-13)

A 2.9 Bolted joints

A 2.9.1 Design values and units relating to Section A 2.8.

Notation Design value Unit
a.b.c geometric values for bolt and nut mm
thread in accordance with Figures
A29-3and A2.94
bp gasket seating width acc. to Sec. A 2.11 mm
c design allowance mm
d bolt diameter = thread outside diameter mm
do pitch diameter of thread mm
d; pipe (shell) inside diameter mm
diL diameter of internal bore of bolt mm
dp mean gasket diameter mm
dp4. dp2 | mean gasket diameter for mm
metal-O-ring gaskets
dg root diameter of thread mm
dm outer diameter of flange face contact mm
area of metal-to-metal contact type
flanged joints
dg shank diameter of reduced shank bolt mm
d; bolt circle diameter mm
ki,ki4, |gasket factors for metal-O-ring gaskets | N/mm
ki
| effective thread engagement length or mm
nut thickness
Ig length of fabricated tapered nut thread mm
end
leff (Figure A 2.9-5), compare "I" mm
lges total engagement length or nut thickness mm
n number of bolt holes —
p design pressure MPa
p’ test pressure MPa
Ag cross-sectional area of shank mm?2
Ag section under stress mm?2
Asc Boizen | Shear area of bolt thread mm?2
Asg Bi plane of bolt shear area sections mm?2
Asc mutter | Shear area of nut thread mm?2
Ascgmi | plane of nut shear area sections mm?2
Agg shear area of blind hole mm?2
Sackloch
C4, Cy, |strength reduction factors —
Cs
D outside diameter of nut/blind hole mm
thread
D4 root diameter of nut/blind hole thread mm
D, pitch diameter of nut/blind hole thread mm
D, inside diameter of nut bearing surface, mm
diameter of chamfer
D mean diameter of tapered nut thread end| mm
Dmax maximum diameter of tapered nut mm
thread end
D1max |(see Figure A 2.9-4) mm
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Notation Design value Unit Notation Design value Unit
Fpeo al!owable ggsket load 'reaction at oper- N Fspu bolt load at test condition (lower limit) N
'atllng condition of floating type flanged Fzx additional axial force for transfer of N
Jomts, . transverse forces and torsional mo-
Fpeuw | required gasket load at operating con- N ments due to friction at a certain value,
dition of floating type flanged joints for operating condition
Foku gasket load required for obtaining met- N . .
al-to-metal contact of flange blades Fzo fr(ajilsu\?:rasleaf)gfc!elzaadnfdo[ot:saigifslrnT;- N
Fokux | gasket load required for obtaining met- N ments due to friction at a certain value,
al-to-metal contact of flange blades in for bolting-up condition
consideration of operating temperature ' - i
and gasket seating Fy taddltlonal an|aI forcedfcir tr_ansfler of N
. ransverse forces and torsional mo-
Fovo | allowable gasket load reaction for bolt- N ments due to friction at a certain value
J!(r;%-tl;p condition of floating type flanged for test condition
FovuL | gasket seating load N Ms bending moment on pipe N-mm
Fr difference between total hydrostatic end N M torsional moment on pipe N-mm
force and the hydrostatic end force on = thread pitch mm
area inside flange for design condition a ) ; ) N
ransverse force on pipe
Ft difference between total hydrostatic N R | h fbplp ol )
end force and the hydrostatic end force mB tensile strength of bolt materia N/mm
on area inside flange for test condition Rimm tensile strength of nut material N/mm2
Fmax Botzen ggirggﬁﬁr’::;??sﬂ;igth of free load- N Rms tensile strength of blind hole material N/mm?2
o, i 2
Foox | ultimate breaking strength of N Rpo.21 ?.2 % prtoof stress at operating or test N/mm
Bolzen | engaged bolt thread emperature
o, 2
Fooxc | ultimate breaking strength of engaged N Rpo.2rT | 0.2 % proof stress at room temperature | N/mm
Mutter | nut thread Rs strength ratio —
Fr total hydrostatic end force N Sp safety factor _
Frm additional pipe force resulting from pipe N sw width across flats mm
moment )
Frmo additional pipe force resulting from pipe N o pitch angle Grad
moment for the bolting-up condition up gasket friction factor —
Fam additional pipe force resulting from pipe N Y friction factor of metal-to-metal contact —
moment for the test condition faces
Frp hydrostatic end force due to internal N opB average gasket contact surface load for | N/mm?2
pressure operating condition
Frz additional pipe longitudinal force N o8O upper limit value for og N/mm2
Frzo additional pipe longitudinal force for the N 5 lower limit value for & N/mm2
bolting-up condition BU B
- 2
Fy additional pipe longitudinal force for the N OBUL nglrz?;?ir?ailéitd?ﬁg;a;}ﬁg:t?:etloa: N/mm
test condition flanged joir?ts 9typ
Fro pipe force effective in piping system at N OKNS minimum gasket contact surface load of | N/mm2
boltlng'-up condition metal-to-metal contact type flanged joints
Fs operating bolt load (general) N oy gasket contact surface load for gasket | N/mm?
Fsou bolt load for bolting-up condition (lower N seating condition
limit) ovo upper limit value for oy N/mm?2
Fsg bolt load at operating condition of met- N o )
al-to-metal contact type flanged joints ovy lower limit value for oy N/mm
Fssu bolt load at operating condition of met- N oyyL  |minimum gasket contact surface load | N/mm?
al-to-metal contact type flanged joints at bolting-up condition of floating type
(lower limit) flanged joints
Fsguw | minimum value of bolt load at operating N Ozul allowable stress as per Table 6.7-2 N/mm2
condition of floating type flanged joints
Fsex polt load at opergtllng condition of float- N A29.2 Scope
ing type flanged joints
Fsku minimum value of bolt load for obtain- N The calculation rules hereinafter apply to bolts with circular
ing metal-to-metal contact of flange and equi-distant pitch as friction-type connecting elements of
blades for metal-to-metal contact type pressure-retaining parts. The loads required for the respective
flanged joints gasket seating conditions (bolt load, gasket seating load) are
Fso bolt load at bolting-up condition N determined for floating type (KHS) and metal-to-metal contact
X B type (KNS) flanged joints (see Figure A 2.9-1 and clause
Fs bolt load for test condition N A 2.9.4). Sufficient stiffness and thus limited flange deflection
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is prerequisite to the use of metal-to-metal contact type
flanged joints. The calculation rules primarily consider static
tensile loading. Shear and bending stresses in the bolts result-
ing e.g. from deflections of flanges and covers, thermal effects
(e.g. local or time-dependent temperature gradients, different
coefficients of thermal expansion) are not covered by this
Section.

a Floating type b Metal-to-metal
Gasket seating contact type
‘ load ‘
Bolt load Bolt load

!
(1
N

I

Bolt load Bolt load

Gasket seati
' as ?Oas(;eamg '

Figure A 2.9-1: Presentation of floating type and metal-to-
metal contact type flanged joint (schematic)

A 2.9.3 General

(1) For bolted flange connections proof of tightness and
strength shall be rendered (see flow diagram in Figure A 2.9-2).
Within leak tightness proof the magnitude of initial bolt pre-
stress shall basically be determined which is required to en-
sure tightness of the joint during operating and test conditions.
With the proof of strength it shall be verified that the allowable
stresses for flanges, bolts and gaskets are not exceeded.

(2) The first step is to select the components of the flanged
joint for which the simplified methods indicated in clauses
A294, A 2104 and 2.10.5 are suited. These methods are
used to determine the required dimensions as well as initial
bolt pre-stress from specified loadings, the gasket selected
(e.g. dimensions, tightness class, gasket factors) and from the
allowable stresses of the flanged joint components.

(3) The second step consists in proving the tightness and
strength and in verifying the compensation of internal forces
and moments (also transverse force and torsional moment).
The bolt tightening procedure (e.g. tightening factor) shall be
credited in the verification of strength of flanges and bolts.

The tightness shall be proved using the minimum design bolt
load. Deviating herefrom, the proof may be based on the av-
erage design bolt load in the case of metal-to-metal contact
type flanged joints with a number of bolts n equal to or exceed-
ing 8.

The strength of flange and, in the case of floating type flanged
joints, of the gasket at bolting-up condition shall be verified
taking credit of the maximum design bolt load. The proof of
strength at operating condition may be based on the average
design bolt load.

For the proof of strength of the bolts the maximum bolt load
shall be used.

(4) Where proofs of tightness and strength cannot be ren-
dered, iteration of the process shall be made to repeat all
proofs until the conditions have been met.

(56) Such bolts are deemed to be reduced-shank bolts the
shank diameter of which does not exceed 0.9 times the root
diameter and the shank length of which is at least two times,
but should be four times the shank diameter, or such bolts the
dimensions of which correspond to DIN 2510-1 to DIN 2510-4.
Shank bolts with extended shank length and a shank diameter
equal to or less than the root diameter may be used as re-
duced-shank bolts if their yielding regarding bolt elongation
and elastic behaviour regarding bending under the given
boundary conditions corresponds to the elastic behaviour of a
reduced-shank bolt as defined above with same root diameter
and minimum shaft length as specified above.

For bolted joints to DIN EN ISO 898-1, DIN EN ISO 898-2,
DIN EN ISO 3506-1, DIN EN ISO 3506-2, DIN EN ISO 3506-3,
DIN 267-13 and DIN 2510-1 to DIN 2510-4 a recalculation of
the thread loading can be waived if the given nut thickness or
thread engagement lengths are adhered to.

Otherwise, the calculation shall be made in accordance with
A 2.9.4 or VDI 2230.

A 2.9.4 Dimensioning of bolts
A 2.9.4.1 Bolt load for floating type flanged joints

The bolt load (Fg) shall be determined at operating condition

(Fsgyx), at test condition (Fg ) and at bolting-up condition (Fsp).
a) Required bolt load at operating condition

Fsgu = Fr *FpguL + FF + Fz (A2.9-1)

The hydrostatic end force Fy is the force transmitted from

the pipe or shell on the flange. This force is obtained for
unpierced pipes or shells from the following equation:

FR = FRP + FRZ + FRM (A 29-2)
where
2
Fap = & P (A2.9-3)

The additional pipe forces Fgrz and Fgy consider pipe
longitudinal forces Frz and pipe bending moments Mg,
where

4-Mg
dp
On the basis of the prevailing stiffness ratios the effective

gasket diameter may be taken instead of the mean gasket
diameter dp.

In the calculation of bolt stresses the bolt circle diameter d,
may be used instead of the mean gasket diameter dp.

If required Frz and Mg shall be taken from the static or
dynamic piping system analysis.

Frz and Mg are equal to zero for flanged joints in vessels
and pipings to which no piping or only pipings without addi-
tional longitudinal force Fgz and without additional pipe
bending moment Mg are connected.

The required bolt load at operating condition (Fpgy,) is
obtained from:

(A 2.9-4)

Frm =

FosuL =7 -dp - bp - ogu - Sp (A 2.9-5)

For Sp a value of at least 1.2 shall be taken.

The required compression load on the gasket at operating
condition Fpgy,_ is required to ensure tight joint during op-
eration (tightness class L). The gasket factors can be
found in Section A 2.11.

For weld lip seals an axial compression force shall be
maintained on the flange blade faces to ensure positional
stability. For Fpgy,_ at least a value of 0.15 (Frp+Fg) shall
be taken.

The allowable (maximum bearable) compression load on
the gasket at operating condition shall be

FDBO =T- dD . bD - OBO (A 29-6)



The difference between total hydrostatic end force and the
hydrostatic end force on area inside flange Fg shall be
T

. (dD2 - diz)- p (A 2.9-7)

This force Fg is caused by the internal pressure p and is
applied on the annular area inside the flange bounded by
the gasket diameter dp and the inside diameter d;. The
mean gasket diameter shall be taken as gasket diameter
dp. For weld lip seals the mean diameter of the weld shall
be taken. For concentric double gaskets the mean diame-
ter of the outer gasket shall be taken.

If required, an additional force F; shall be applied on the
gasket to make possible transfer of a transverse force Q
(normal to pipe axis) and a torsional moment M, due to fric-
tion at a certain value in the flanged joint.

Fz shall be:

aa) for laterally displaceable flanges where transverse
forces can only be transferred due to friction at a cer-

Fe
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ab) for laterally non-displaceable flanges where transverse
forces can be transferred due to infinite friction

F, =max {o; 2-M; (A 2.9-9)

—FpBu/L _FRM}
up -dp

Where no other test results have been obtained the friction
factors shall be taken as follows:

Mp = 0.05 for PTFE based gaskets

pp = 0.1 for graphite-reinforced gaskets
pp = 0.15 for metallic flat contact faces

pp = 0.25 for uncoated gaskets on fibre basis

Required bolt load at test condition

[FRP +

’

p
Fspu ="--
p

I:DgulL n FF] +FRz + Fam +Fz (A 2.9-10)

The values Fgz and Fgy correspond to the additional

tain value pipe forces at test condition. F; shall be determined by
F, = max O;EJF 2-M ~Fosu/L - 2:-Mg (A 2.9-8) me.ans of equations .(A 2.9-8) and (A 2.9-9) in conside-
up Hp-dp dp ration of the test condition.
Requirements - Loadings
and - Fluid
boundary conditions - Tightness class
Selection of - material Selection of - type
Bolts - design Gasket - dimensions
Flanges - dimensions - gasket factors

Change of
~ flange,
) bolts,
gasket
Y
Proof of tightness no >
satisfied?
ja
yes
Proof of strength
satisfied?
yes

Proof completed

Figure A 2.9-2: General flow diagram for flange design
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c) Required bolt load at bolting-up condition (gasket seating)
The bolts shall be so tightened that the required gasket
seating is obtained and the bolted joint remains leak tight
at the test and operating conditions, and pipe forces Fgy, if
any, are absorbed.

To satisfy these conditions the following must be met:

Fsou = FpvuL * Frzo + Frmo (A2.9-11)
but at least
for the test condition
Fsou = F§ (A 2.9-12)
and for the operating condition
Fsou = Fspui (A 2.9-13)

Here, Fpyys is the gasket seating load required to obtain
sufficient contact (tightness class L) between gasket and
flange facing.

FovurL =m-dp-bp - ovur (A 2.9-14)
At bolting-up condition the gasket shall only be loaded with

FDVO =T- dD . bD * OyO (A 29-15)

A 2.9.4.2 Bolt load for metal-to-metal contact type flanged
joints
The bolt load (Fg) shall be determined for obtaining metal-to-
metal contact of flange blades (Fgky), for the test condition
(F$ ) and the operating condition (Fgg). Equation (A 2.10-25)
is used to check indirectly if metal-to-metal contact between
flange blade faces has been obtained.
a) Required compression load on gasket for obtaining metal-
to-metal contact of flange blades
Fsku = Foku * Fro (A 2.9-16)
For gaskets, except for metal O-rings, the required com-

pression load on gasket for obtaining metal-to-metal con-
tact of flange blades is derived from:

Foku =m-dp - bp - okns (A 2.9-17)
for simple metal O-ring gaskets from:

Fpoku =7 -dp - Kj (A 2.9-18)
and for double metal O-ring gaskets from:

Fpku =7 - (dp1 - kiq +dpz - Ki2) (A 2.9-19)

For simple metal O-ring gaskets the gasket factor ki and
for double metal O-rings the gasket factors kij; and kjs
shall be taken from the manufacturer's documents.

b) Required bolt load for maintaining metal-to-metal contact

of flange blades at op-erating condition
Fseu=Fpku* Fr+ Fr *+ Fz (A 2.9-20)

The pipe force Fg is considered to be the force transmitted

from the pipe or shell on the flanged joint. The pipe force
for unpierced pipes and shells is obtained from the follow-

ing equation:
Fr=Frp + Frz + Frm (A 2.9-21)
where
2
Frp = 3P (A 2.9-22)

4

The additional pipe forces Frz and Fgy consider pipe
longitudinal forces Frz and pipe bending moments Mg,
where

4-Mg

Frm = (2-dy +dq +bp)

3

(A 2.9-23)

F2 will be:

aa) for laterally displaceable flanges where transverse
forces can only be transferred due to friction at a cer-

tain value
0 Q. 2-My _Mbg
Y (2-dy+dg+bp)| my O
S
Fz =max
_ 2-Mg
Z2-dM+dd+bDi
3
(A 2.9-24)

ab) for laterally non-displaceable flanges where transverse
forces can only be transferred due to infinite friction

_ . 2-My HD
Fz=max)0 (2-du+dp+bp) py oxu ~Fru
py - M 000

(A 2.9-25)
Where no other test results have been obtained, the fric-
tion factors shall be taken as follows:

pp = 0.10 for graphite-coated gaskets
pm = 0.15 for metallic flat contact faces

c) Required bolt load for maintaining metal-to-metal contact
of flange blades at test condition
Fspy = % -(Frp +Fe )+ Foky +Frz +Fam +Fz (A 2.9-26)
The values Fk7 and Fjy correspond to the additional pipe
forces at test condition. F5 shall be determined by means
of equations (A 2.9-24) and (A 2.9-25) in consideration of
the test condition.

d) Required bolt load for gasket seating condition

The bolts shall be so tightened that the required bolt load
for gasket seating is applied to obtain metal-to-metal con-
tact between flange blade faces at bolting-up condition and
to maintain this metal-to-metal contact both at test and op-
erating condition.

To satisfy these requirements, the following is required:
Fsou = max (Fsku *+ Fzo; Fsaus Fspu) (A 2.9-27)

In this case, Fzq is the additional axial load required at
bolting-up to transfer a transverse force or torsional mo-
ment. This additional load shall be determined to equations
(A 2.9-24) and (A 2.9-25) in which case the forces and
moments are to be taken for the bolting-up condition.

A 2.9.4.3 Pre-stressing of bolts

(1) The initial bolt prestress shall be applied in a controlled
manner. Depending on the bolt tightening procedure this con-
trol e.g. applies to the bolting torque, the bolt elongation or
temperature difference between bolt and flange. Here - in
dependence of the tightening procedure - e.g. the following
influence factors shall be taken into account: friction factor,
surface finish, greased condition, gasket seating.

(2) Where the bolts are tightened by means of torque
wrench, the bolting torque shall be determined by a suitable
calculation or experimental analysis, e.g. VDI 2230, Sheet 1.

A 2.9.4.4 Bolt diameter

(1) The required root diameter of thread di of a full-shank
bolt or the shank diameter dg of a reduced shank bolt (with or
without internal bore) in a bolted connection with a number n
of bolts shall be calculated by means of the following equation:



(A 2.9-28)

dk Ords = &‘Fd”_z +C
ﬂ:'n'qu|

with 6, according to Table 6.7-2.

(2) Here, the following load cases shall be considered:

a) the load cases of loading levels 0, A, B, C, D according to
lines 1 and 2 of Table 6.7-2,

b) the load case of loading level P according to line 3 of Ta-
ble 6.7-2,

c) the bolting-up conditions according to line 4 of Table 6.7-2
(to consider the scattered range of forces applied depend-
ing on the tightening procedure, the respective require-
ments of VDI 2230, Sheet 1 shall be taken into account).

(3) A design allowance ¢ = 0 mm shall be used for reduced-
shank bolts, and for full-shank bolts the following applies for
the load cases of loading level 0 according to lines 1 and 2 of
Table 6.7-2:

4.Fg

c=3mm,if <20mm (A 2.9-29)
Tt'n'qu|

or

c=1mm, if 4Fs - 50mm (A 2.9-30)
T-N-Ggy

Intermediate values shall be subject to straight interpola-
tion with respect to

65— /74'%
ﬂ?'n'qu|
15

For the load cases of the other loading levels ¢ = 0 mm shall
be taken.

c= (A 2.9-31)

A 2.9.4.5 Required thread engagement length
A 29.451 General

(1) When determining the required thread engagement
length in a cylindrical nut or blind hole it shall normally be
assumed that the limit load based on the threadstripping re-
sistance of both the bolt thread and female thread is greater
than the load-bearing capacity based on the tensile strength of
the free loaded portion of the thread or of the shank in the
case of reduced-shank bolts. The load-bearing capacity of the
various sections is calculated as follows:

Free loaded thread:

F max Bolzen = Rm Bolzen - As (A 2.9-32)
Reduced shank:

Fmax Bolzen = Rm Bolzen - Ao (A 2.9-33)
Engaged bolt thread:

Fmax G Bolzen = RmBolzen * Asc Bolzen * C1 - C2 - 0.6 (A 2.9-34)
Engaged nut thread:

Fmax 6 Mutter = Rm Mutter * Asc mutter - C1 - C3 - 0.6 (A 2.9-35)

(2) The calculation of the thread engagement length shall be
made for the case with the smallest overlap of flanks in ac-
cordance with the clauses hereinafter. To this end, the small-
est bolt sizes and greatest nut sizes (thread tolerances) shall
be used in the calculation of the effective cross-sections.

(3) At a given thread engagement length or nut thickness it
shall be proved that the load-bearing capacity of the free load-
ed thread portion or reduced shank is smaller than that of the
number of engaging bolt or nut threads. Where less credit of
bolt strength is taken, the bolt load Fg to clauses A 2.9.4.1 or A
2.9.4.2 may be used. The verification of the required thread
engagement length shall then be made to clause A 2.9.4.5.5.
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(4) Standard bolts are exempted from the calculation of the
thread engagement length in accordance with the following
clauses. The calculation of the engagement length in the
clauses hereinafter including clause A 2.9.4.5.5 does not ap-
ply to bolts with saw-tooth or tapered threads.

(5) Where, in representative tests, thread engagement
lengths smaller than that calculated in the following clauses
are obtained, these lengths may be used.

A 2.9.4.5.2 Bolted joints with blind hole or cylindrical nut
without chamfered inside

The required engagement length Iges for bolted joints with
blind hole or cylindrical nut shall be the maximum value ob-
tained from the equations given hereinafter:

a) The requirement for threadstripping resistance of the bolt
thread leads to the condition (see Figure A 2.9-3):

Ag-P
lges > S

+20-P

060102 -TE-D1 -{Z+(d2—D1)~tanZ}

(A 2.9-36)

In the case of reduced-shank bolts the cross-sectional
area of shank Ay may be inserted instead of the section
under stress Ag.

For tapered threads with a thread angle o = 60°

tang :L

2"

Plane of nut shear
area sections

Plane of bolt shear
area sections

AscMmi AsGBi
¢ |
Nut Bolt
Y } D,
| d
© \
N
E o)
© N
o
NG = ‘
Dy !
dy
d-Dp 1 _B-Dp 1
as= b= :

2 ﬁ 2 ﬁ

Figure A 2.9-3: Representation of design values for bolt and
female thread

b) The requirement for threadstripping resistance of the nut or
blind hole thread leads to the condition (see Figure A 2.9-3):

Ryg-Ag P
IgesZ mB S

+20-P

R -0.6-C1-C3-n-d~[:+(d—D2)-tan(ﬂ

(A 2.9-37)
In the case of a blind hole the tensile strength R, shall be
inserted in lieu of Ry
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c) In addition, the following condition shall be satisfied:

lges > 0.8 - d (A 2.9-38)
The values C4, C, and Cj shall be determined in accordance
with A2.9.4.54.

A 2.9.4.5.3 Bolted joint with tapered thread area without
chamfer

The required engagement length Iges for bolted joints with
tapered thread area of nut shall be determined as the maxi-
mum value obtained from the equations hereinafter.

a) The requirement for threadstripping resistance of the bolt
thread leads to the condition (see Figures 2.9-4 and
A 2.9-5):

Ag-P-06-C4-Cy g -m-Dpy -E+(d2 —Dm)-tang}
+2.0-P

Iges > IB + )
0.6-C4-Cy-m-Dy ~[7+(d2 —D1)~tang}
2 2
(A 2.9-39)

b) The requirement for threadstripping resistance of the nut
thread leads to the required engagement length lges (see
Figures A 2.9-4 and A 2.9-5) according to equation
(A 2.9-37).

c) The thread engagement length | shall satisfy equation
(A 2.9-38).

The values C4, C, and Cj shall be determined in accordance

with A 2.9.4.5.4.

Detail X
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Figure A 2.9-4: Representation of design values for bolt and
female thread (tapered female thread)

Nut |

lges

O

max

Figure A 2.9-5: Representation of design values for the nut
(with tapered portion)

A 2.9.4.5.4 Factors Cq. C,. C3

(1) The factor C4 shall be determined by means of the fol-
lowing equation

2
d d

for 1.4£%£1.9

(A 2.9-40)

or in accordance with Figure A 2.9-6.

1.1

1.0

0.9 /’
0.8 /
/

1.4 1.5 1.6 1.7 1.8 1.9

—_—

e

Reduction factor Cq

0.7

Referred width across flats SW/d —

Figure A 2.9-6: Factor C, for the reduction of threadstripping
resistance of bolt and nut thread due to nut
extension

In the case of serrated nuts the width across flats SW shall be
replaced by an equivalent value.

(2) The factor C, can be determined by means of equation
(A 2.9-46) or according to Figure A 2.9-7.

The required values are computed as follows:

Strength ratio Rg

R -A
S:( m "8G )Mutter/Sackloch (A 2.9-41)
(Rm A
Note:
When determining the strength ratio the quotient of the shear are-

as AsG Mutter/Sackloch @d AsG Bolzen Shall be formed so that the
engagement length | can be obtained.

SG )Bolzen

The shear area Agg of the nut or blind hole thread is



| P o
AsG Mutter/Sackloch = Sl d- {E +(d-D,)-tan E} (A 2.9-42)

The size of the shear area Agg Boizen depends on whether a
bolted joint with blind hole or nut with straight thread or a bolt-
ed joint with a nut having a tapered threaded portion is con-
cerned.

Therefore, the equation of the shear area Agg goizen for bolted
joints with blind hole or straight nut is:

I P
:E'H'D»] |:E+(d2 —DO-tan%}

The size of the shear area Agg goizen Of @ bolt for bolted joints
with a nut having a tapered threaded portion as shown in
Figure A 2.9-5 and in consideration of the relationship
Ig = 0.4 - I shall be:

ASG Bolzen (A 2-9'43)

0.6-1 P o
AsGBolzen :T'TC'D1 .|:E+(d2 —D1)-tan5}+
+8 2.0y |4 (d;-Dp) tan (A 2.9-44)
P 2 2
D, is obtained from D, = 1.015 - D (A 2.9-45)

C, is obtained for 1 < Rg < 2.2 from equation

C, =5.594-13.682Rg +14.107 Rg% —6.057 Rg> + 0.9353 Rg*

(A 2.9-46)
and for Rg < 1 to C, = 0.897.

C, may also be determined by means of Figure A 2.9-7.

(3) The factor Cj is obtained for 0.4 < Rg < 1 from the equation
C3=0.728 +1.769 Rg —2.896 RS2 +1.296 RS3 (A 2.8-47)
and for Rg > 1 to C3 = 0.897.

C3 may also be determined by means of Figure A 2.9-7.

1.2 ‘

S 1.1 ‘ /
('\I
el
2 ‘\\C} \ S
\
) 1.0 \ }
\, ‘

— \|
S
g \ |
8 NE
= 09 28 S — __
B Stripping of ‘ Stripping of
] nut thread ‘ bolt thread
L | | |

04 0.8 1.2 1.6 2.0
RS —_—

Figure A 2.9-7: Factor for reduction of threadstripping re-
sistance of bolt and nut thread due to plastic
deformation of thread

A 2.9.4.5.5 Required engagement length for valve bodies

(1) Alternately to the procedure given in clauses A 2.9.4.5.1
to A2.9.454 the engagement length may be checked as
follows for valve bodies. Proof is deemed to be furnished if the
following conditions are satisfied:

a) 120.8-d (A 2.9-48)
and
b) I>2'F¢ (A 2.9-49)

B n~TE~d2'Sm
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where

| engagement length

n number of bolts

d, d, in accordance with Figure A 2.9-8
Sh, (S in the case of test group A2 or test group A3 valve bod-
ies) is the smaller of the design stress intensity values accord-
ing to Table 6.6-1 of the materials to be bolted.

(2) The bolting-up condition and the operating conditions
shall be verified separately.

Nut

Figure A 2.9-8: Thread dimensions

A 210 Flanges
A 2.10.1 Design values and units relating to Section A 2.10

Notation Design value Unit
a moment arm, general mm
ay distance between bolt hole centre and mm
intersection C-C
ap distance between bolt hole centre and mm
point of application of compression load
on gasket Fp
ar distance between bolt hole centre and mm
point of application of force Fg
am distance between bolt hole centre and mm
outer point of contact of the two flange
blades
aRr distance from bolt centre to point of ap- mm
plication of total hydrostatic end force Fg
AReib aRreib =0.5-[d; — 0.5 (dr, +dp +bp)] mm
b radial width of flange ring mm
bp gasket width according to Section A 2.11| mm
Cg spring stiffness of blank N/mm
Cp spring stiffness of gasket N/mm
CpkNs | spring stiffness of gasket in metal-to- N/mm
metal contact type flanged joints (in case
of spring-back)
Cs spring stiffness of bolts N/mm
dy loose flange ring I. D. mm
dy loose flange ring O. D. mm
dp mean diameter or diameter of gasket mm
contact face
dp4. dp2 | mean diameter for double O-ring gasket mm
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Notation Design value Unit Notation Design value Unit
dr flange or stub-end outside diameter mm Fkontakt | force applied on metal-to-metal contact N
dra outer diameter of flange surface mm area for'm'etal-to-metal contact type
d di ter of £ licati flanged joints
Kontakt iameter of area of force application mm Fr total hydrostatic end force N
(Fkontakt) for metal-to-metal contact type
flanged joints Frp hydrostatic end force due to internal N
dm outer diameter of flange face contact mm pressure
area of metal-to-metal contact type Fs bolt load N
flanged joints Fso bolt load for bolting-up condition N
do bolt hole diameter mm Fsomax | Maximum bolt load possible on account N
d bolt circle design diameter mm of tightening procedure for gasket seat-
ing condition; determined e.g. to VDI
d; inside diameter of pipe, shell, or flange mm 2230, Sheet 1
g fing Fsou bolt load for gasket seating condition N
¢ bolt circle diameter mm (lower limit)
d: fictitious bearing surface diameter of mm Fsg bolt load at operating condition as- N
loose flanges on stub ends (see figures signed to the respective loading level
A 2.10-3, A 2.10-5, A 2.10-6) K. L factors _
€1. € distance to centroid of flange mm M external twisting moment at load case Nmm
f height of flange facing mm considered
OKNs relaxation factor _ Mg external twisting moment fqr metal-to- Nmm
h flange thickness mm :’:getilpcg:r;tzﬁ’itc;qr/]pe flanged joints at bolt-
h height of t d hub i
A 19 _0 apére Y ) mm S, S design stress intensity factor in acc. with | N/mm?2
hg effectlve portion of flange sl_<|rt on the mm Table 6.6-1
stlf.fness of flanged connection Sp1. Spy | centroids of partial cross-sectional area, —
hp height of gasket mm A=A
1 2
hg effective flange thickness mm W flange section modulus mm3
h :hickness of loose flange ring mm Wap flange section modulus for section A-A mm3
hg lange thickness required to withstand mm . . 3
shear stress in section C-C Wg flanqe section modu'lus for section B-B mm
n number of bolt holes _ Wt required flange section modulus mm3
p design pressure MPa Wyorh available flange section modulus mm3
p test pressure MPa Wy flange section modulus for section X-X mm?3
PknsiL | sealable pressure for metal-to-metal MPa o coefficient of thermal expansion °C-1
contact type flanged joints Youl allowable flange blade angle of inclina- degree
r.rq transition radius, see clause 5.2.4 (3) mm tion to the plane vertical to flange axis
S1 required pipe or shell wall thickness for mm A specific leakage rate mg/(s-m)
longitudinal force Oyx gasket contact surface load N/mm?2
SF thickness of hub at transition to flange mm S allowable stress acc. to Table A 2.10-1 | N/mm2
SR pipe or shell wall thickness mm Ah allowable spring-back from full metal-to- mm
Sy wall thickness at section X-X mm metal contact position for the respective
t bolt pitch mm pressure rating and tightness class in
. acc. with Form A 2.11-2
Xs bolt elongation mm ) .
. ASq 5 portion of gap increase (flange blade 1 mm
A cross-sectional area mm? ' and 2) due to inclination of flange blade,
Aq. A partial cross-sectional areas according mm?2 for metal-to-metal contact type flanged
to Figure A 2.10-1 joints
. . N-mm
Cr torsional stiffness of flange rad The index “0” refers to the bolting-up/gasket seating condition,
Eg, Ep, | modulus of elasticity of blank, gasket, N/mm2 qnd the indgx “x" to't.he respectivg pondition under considera-
Er, Eq flange and bolt materials respectively tion (operating condition, test condition).
Ert modulus of elasticity of flange material N/mm?2
at temperature A 210.2 General
Fgz additional force on the blank N (1) The calculation hereinafter applies to the dimensioning
Fp compression load on gasket N and proof of strength of steel flanges which as friction-type
F compression load on gasket for operat- N flanged joints of the floating type (KHS) and metal-to-metal
DB in cpondition 9 P contact type (KNS) are subject to internal pressure. Prerequi-
'g ) site to the use of metal-to-metal contact type flange joints is
Fr difference between total hydrostatic end N their sufficient stiffness and thus limited gap height within the
force and the hydrostatic end force on gasket area. The flanges hereinafter comprise welding-neck
area |nS|d.e flange flanges, welding stubs, welded flanges and stubs as well as
Fi hydrostatic end force N lap-joint flanges and cover flanges.



(2) The tightness shall be proved using the minimum design
bolt load. Deviating here from, the proof may be based on the
average design bolt load in the case of metal-to-metal contact
type flanged joints with a number of bolts n equal to or ex-
ceeding 8. In the case of metal-to-metal contact type flanged
joints with a number of bolts n less than 8 the gap increase at
the gasket shall be verified using the maximum bolt load.

The strength of flange and gasket at bolting-up condition shall
be verified taking credit of the maximum design bolt load. The
proof of strength at operating condition may be based on the
average design bolt load.

(3) Where proof of adequate leak tightness is required for
loading levels C and D, it shall be made by substantiating, by
way of calculation, the strength and deformation conditions in
conformance with clause A 2.10.6 or A 2.10.7.

A 2.10.3 Construction and welding
(1) Vessel flanges may be forged or rolled without seam.

(2) Welding and heat treatment, if required, shall be based
on the component specifications.

(3) For flanged joints on nozzles and piping welding-neck
flanges to DIN standards or welding-neck flanges with stand-
ard dimensions shall be used. The strength calculation of
bolted joints for standard pipe flanges to DIN EN 1092-1 may
be waived if for pipe flanges with PN < 25 the following
measures are taken:

a) under internal pressure loading alone the next higher nom-
inal pressure rating shall be chosen,

b) for loading under internal pressure and external forces the
shall be chosen.

A 2.10.4 Dimensioning of flanges for floating type flanged
joints
A 2.10.41 General

(1) The calculation consists of the dimensioning and proof of
tightness and strength to clause A 2.10.6. The flanged joint
shall be so dimensioned that the forces during assembly (gas-
ket seating condition), pressure testing, operation and start-up
and shutdown operations and incidents, if any, can be with-
stood.

O zul test condition
Where the test pressure

p'>p-
G zul operating condition

the calculation shall also be made for this load case. The con-

dition shall be checked for both the flange and bolt materials.

(2) The flanges shall be calculated using the equations given
in the paragraphs hereinafter. The effects of external forces
and moments shall be considered and verified.

(3) The flange thickness hg or h_ on which the calculation is
based shall be provided on the fabricated component.
Grooves for normal tongue or groove or ring joint facings need
not be considered.

(4) The required flange section modulus W shall govern
the flange design.

(5) For the determination of the required section modulus for
the operating condition of flanges as per clauses A 2.10.4.2
and A 2.10.4.3 in Sections A-A and B-B and for flanges as per
clause A 2.10.4.4 in section A-A the following applies:

W _(FopusL +Fz)-ap +Fr -ar +F¢ -ap
erf~

Szul

(A 2.10-1)

For the mentioned flanges in section C-C the following applies:
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FsBu/L -@1
Werf =
Szul

(A 2.10-2)

For the flanges as per clause A 2.10.4.5 the following applies:
Wy = Fseu/L *@p (A 2.10-3)
Ozul

For the bolting-up condition the following applies to flanges as
per clauses A 2.10.4.2 to A 2.10.4.5 irrespective of the sec-
tions:
Fsou @
Wy = sou “@p
Gzul
where o, is the allowable stress as per Table A 2.10-1.
Note:

The maximum bolt assembly load F sy, Shall be considered with-
in the proof of strength, see Table A 2.10-1 ser. no. 3.

(A 2.10-4)

Figure A 2.10-1: Flange cross-section

The equations (A 2.10-1) to (A 2.10-3) may be applied accord-
ingly for the test condition.

The forces F shall be determined in accordance with Section
A2.9.
The moment arms for gaskets in floating-type flanged joints
shall be:

di—dp

="y (A 2.10-5)

ar :"“"%SR (A 2.10-6)
2.d—dp—d

ar =+D' (A 2.10-7)

For stubs d; shall be inserted as bolt circle diameter d; (see

Figure A 2.10-3 and A 2.10-5).

For lap-joint flanges the following applies:
d; - d

a=ap
2

(A 2.10-8)
The use of df = w for calculating the flange and

of di = df for calculating the hub are conservative approach-
es.

di may be adapted to the actual conditions in dependence of
the hub and flange stiffness ratios.

(6) The flange section modulus shall meet the general condi-
tion for any arbitrary section X-X (Figure A 2.10-1)

W, :2-n-{A1 (e +e2)+%.(c|i +sx)~(sX2 —sfﬂ (A 2.10-9)
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Here, s4 is the wall thickness required due to the longitudinal
forces in the flange hub, and is calculated by means of the
following equation:

Fr
ﬂ:'(di + SR)'qul

o,y shall be determined in acc. with Table A 2.10-1. The
factor ® may be omitted in equation A 2.10-10.

S1= (A 2.10-10)

With eq and e, the centroids of the partial cross-sectional
areas Aq = A, (shown in Figure A 2.10-1 as differing hatched
areas) adjacent to the neutral line 0-0 are meant, with this
neutral line being applicable to the fully plastic condition as-
sumed. The weakening of the flange by the bolt holes shall be
considered in the calculation by means of the design diameter
d; in the following equation:

For flanges with d; > 500 mm

d =d /2 (A2.10-11)
and for flanges with d; < 500 mm
d| =d_ - (1-dy/1000) (A 2.10-12)

A 2.10.4.2 Welding-neck flanges with gasket inside bolt
circle and tapered hub according to Fig. A 2.10-2

The flange shall be checked with regard to the sections A-A,
B-B and C-C where the smallest flange section modulus shall
govern the strength behaviour.

The flange section modulus available in section A-A is ob-
tained from:

Wa :%'[(dF —di—2-d )-he? + (g +SF)’(SF2 —312)] > Wers

(A 2.10-13)

Equation (A 2.10-13) may also be used for the determination
of h|:.

d  sp_
‘ AFR
|
| Q4R
<C
e
‘ A s i
= & e
A
A A
Fe| tFp ~1dLs
dp | ap
af |
di
dr

Figure A 2.10-2:Welding-neck flange with tapered hub

The flange section modulus available in section B-B is ob-
tained from:

Ws —n'|:2'(dF_di_2'dL)'e1'(e1+ez)+%'(di+sR)'
'(SR2 —312) :‘ > Werf

The centroids e and e, for flanges with tapered hub are:

(A2.10-14)

(A 2.10-15)

(A 2.10-16)

where
K=0.5-(dg —dj—2-d )-(hg —2-e1 P +
2
+ ha-(he —2-e¢)-(s¢ +SR)+%‘(SF +2-sg)
(A 2.10-17)
L=(dp-di-2-d)(he-2-eq)+ha-(SF+sR)
(A 2.10-18)
The flange thickness hg required to absorb the shear stress is
obtained as follows:
for the bolting-up condition
2-Fgg

hgg = (A 2.10-19)
ﬂ:’(di +2’SF)'GZUI
for the operating condition
hgg = 2-Fsp (A 2.10-20)

n'(di +2'SF)’quI
where o, is the allowable stress as per Table 2.10-1.

The flange section modulus in section C-C is obtained from:
We =%[th (dp —2-d )-hg?-(g; +2.sF)] (A 2.10-21)

In this case, the external moment shall be

Mc =Fs - a4 (A 2.10-22)
with Fg = Fggy at gasket seating condition

Fs = Fspy,L at operating condition.

The application of equation A 2.10-21 may lead to strongly
conservative results, e.g. in the case of dp > (d; + 2- sg). De-

tailed examinations to consider lever arm and geometry condi-
tions are permitted.

A 2.10.4.3 Welding stubs with tapered hub according to
Figure A 2.10-3

The calculation shall be made in accordance with clause
A 2.10.4.2 with d[ = 0.

d; SR
Fr
“‘ aR

o
|
Fel TFp
dp | ap_
af
di _
dr

Figure A 2.10-3: Welding stub with tapered hub



A 2.10.4.4 Flanges and stubs with gasket inside bolt circle
and cylindrical hub in accordance with Figure
A 2.10-4 and Figure A 2.10-5

The flange shall be checked with regard to sections A-A and
C-C. The flange section modulus available in section A-A is
obtained from:

Wy :%'[(dF ~d;-2-d{ )-hg® +(d; +SR)’(SR2 —312)]2 Wet

(A 2.10-23)

The flange section modulus available in section C-C is ob-
tained in accordance with clause A 2.9.4.2.

For the calculation of welding stubs d| = 0 shall be taken.

dl SR
Fr
| A
| ALY
|
‘ N Fs
Y
]
7 ¥
A
Fel drp 1L
dp ap
b
ar
d o
dr .

Figure A 2.10-4: Welding-neck flange with cylindrical hub

Fr

“‘ aRr

:F,w—v

i :
Fel AFp
dp ap
IaF‘
di .
dr

Figure A 2.10-5: Welding stub with cylindrical hub

A 2.10.4.5 Lap-joint flanges to Figure A 2.10-6
The required flange thickness shall be
h = J 4-We
n-(dp —dy-2-d} )
with W, obtained from equation (A 2.10-3).

(A 2.10-24)
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Figure A 2.10-6: Lap-joint flange

A 2.10.5 Dimensioning of flanges of metal-to-metal contact

type flanges

(1) In the case of metal-to-metal contact type flanges ade-
quate stiffness and thus limited gap height in the gasket area
is required.

(2) The flange section modulus required to provide adequate
stiffness is calculated as follows

0.75-M-(de +d;) 180° 1

Wey = — (A 2.10-25)
Epr-bp+hg)vu o fop
where
Asq,-180°
= A 2.10-26
Yzul (aD —aM)~TE ( )

fce:  ratio of effective flange torsional rigidity to the torsional
stiffness determined by calculation to equation A 2.10-37

Where no other values are available, the following values shall

be taken for fc.:

fce = 0.8 for flanges with cylindrical hub

fce = 0.9 for flanges with tapered hub

The twisting moment M for the cases to be considered is de-

termined as follows:

a) Gasket seating condition

M=Mg =Fpky-ap * Fro-ar * Fz0 - @Reib (A 2.10-27)

b) Normal and anomalous as well as test condition

M=Fpku-gkns -@p + Fr-ar + Fr-ap + Fz - arep (A 2.10-28)

The sum of maximum gap increase values of both flange blades

Asq + Asy shall be less than the allowable spring-back from full

metal-to-metal contact position Ah as indicated by the manu-

facturer in Form A 2.11-2 for the respective tightness class.

For tapered-hub flanges the available flange section modulus
W =W, shall be determined to equation (A 2.10-13). In addi-
tion, the following applies:

4 0%
hg =0.58~[—'J ‘ha
SF

For welding-neck flanges where the pipe or shell attach to the
flange without tapered hub, the available flange section modu-
lus W = Wy shall be determined to equation (A 2.10-23). In
addition, the following applies:

hB =0.9. (dl +SR)‘SR

(A 2.10-29)

(A 2.10-30)

(3) The flange section modulus to provide adequate strength
is calculated to obtain:

M
Weys =

Szul

(A 2.10-31)
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A 2.10.6 Proof of tightness and strength for floating type
flange joints

A 2.10.6.1 General

(1) During start-up and shutdown, the relation between bolt
load, pressure load and gasket load in the flange changes due
to internal pressure, additional forces and moments independ-
ent of operation, temperature-dependent change of elastic
moduli, differential thermal expansion, seating of the gasket,
especially of non-metallic gaskets.

(2) Based on the selected initial bolt stress and in considera-
tion of the elastic deflection characteristics of the flanged joint
with consistent bolt elongation the bolt load and the residual
gasket load shall be evaluated in consideration of torsional
moments and transverse forces to be transferred for each
governing load case.

In the case of identical flange pairs, consistent bolt elongation
means the sum of the deflections of the flange 2 - AF, the bolts
AS and the gasket AD, in case of temperature effects, of the
differential thermal expansion in the flange and the bolt
AW as well as, in the case of seating of the gasket, in the
bolted joint and in the gasket AV. Taking these magnitudes
into account, the bolt elongation in the bolting-up condition E
will be consistent for each operating condition x:

2. AFg + ASg + ADg = 2 - AF, + AS, + AD, + AW, + AV,
(A2.10-32)

In the case of non-identical flange pairs, 2 - AF is substituted by
the sum of deflections of the individual flanges AF; + AF5, in
the case of flange-cover joints 2 - AF is substituted by the sum
of deflections of the flange and the cover AF + AB.

In the case of flanged joints with extension sleeves the stiff-
ness of the extension sleeves shall also be taken into account.

(3) By means of the bolt and gasket loads resulting from the
verification by calculation of the strength and deformation
conditions for the governing load cases the evaluation of
strength of the total flanged joint (flange, blank, bolts and
gasket) shall be controlled.

(4) The allowable stresses for flanges shall be taken from
Table A 2.10-1 ser. no. 4. Apart from these allowable stress-
es, the determination of the flange section moduli shall be
based on the force Frx when using equation A 2.10-10 and on
the force Fsgx when using equation A 2.10-20.

(5) A more general method for proof of tightness and strength
of floating type flanged joints is shown in Figure A 2.10-8.

(6) The initial bolt stress required to calculate the operational
loadings shall first be determined to clause A 2.9.4.1
(Fso = Fsou) even if no dimensioning is required.

(7) For the initial bolt stress the gasket contact surface load
ov shall be calculated with which the minimum gasket seating
load ogu/L at operating condition for the required tightness
class is determined, see clause A 2.11.2.

(8) Where the individual conditions in Figure 2.10-8 are not
satisfied, an iterative process shall be applied.

A 2.10.6.2 Simplified procedure for verification by calculation
of the strength and deformation conditions in
flanged joints

A 2.10.6.2.1 General

(1) For some cases where internal pressure, additional forc-
es and moments, temperature-dependent changes in elastic
moduli, different thermal expansion in the flange and the bolts,
as well seating of the gasket occurs, equations are given in
the following clauses to determine the bolt loads Fg, the com-
pression loads on the gasket Fp as well as the deflections AF,
AS and AD for the respective conditions.

(2) Alternatively, an approximate calculation for verifying the
strength and deformation conditions may be made by other
procedures for a detailed evaluation of the

a) torsional rigidity of flanges,
) radial internal pressure,
c) effective bolt circle diameter,
) effective gasket diameter and effective gasket width.

A 2.10.6.2.2 Calculation of spring stiffnesses
A 2.10.6.2.2.1 Bolts

The elastic elongation of bolts can be calculated from

F
AS=-S (A 2.10-33)
Cs
For full-shank bolts the following applies approximately
n-n-ES 'dN2
Cg=—7T—""—~ (A 2.10-34)
4.(1+0.8-dy)
For reduced-shank bolts the following applies
2 ;2
cg =1 mEs . , dK2 ds (A 2.10-35)
4 dc®ilg+dg” - (+1"+0.8-dy)
= =
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Full-shank bolt Reduced-shank bolt

Figure A 2.10-7: Bolts

A 2.10.6.2.2.2 Flanges
The deflection AF of the individual flange in the bolt circle is
AF = M-3p (A 2.10-36)
Cr

When determining the relation between bolt load, pressure
load and gasket load of a pair of identical flanges, twice the
value of AF shall always be taken.

_4-Ep-(hp+hg)- W

C A 2.10-37
" 3-(dp +d) ( )
For flanges with tapered hub W = W, according to equation
(A 2.10-13).
Note:

A tapered hub is assumed to be present, if the following condi-
tions are met:

< SF — SR
ha

0.2 <05

and

hA o5

hF



In addition, the following applies

RCED
hB—0.58-[—'J ‘ha
Sf

For welded flanges where the pipe or shell is connected to the
flange without tapered hub, the following applies

w :%’[(dF —di-2-d )-he? +(d; +SR)’(SR2 —312)]
(A 2.10-39)

(A 2.10-38)

In addition, the following applies
hB =0.9- (dl + SR)'SR
For lap joint flanges the following applies

W=%‘(d2—d1—2'di_)'hl_2

and hg=0.

Input data

Flanges: dimensions
allowable stresses
Bolts: dimensions
allowable stresses

initial bolt prestress, tightening procedure

Gasket: dimensions
gasket factors
Loadings (p, T, F, M, ...)
Tightness class to be applied

[«
+
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(A 2.10-40)

(A 2.10-41)

Determination of oy,
OgyL™ f (OVO ) =f (FSO)

Change of flange,
bolts,
gasket,

A 4

bolt tightening

Determination of opg,
Opex= f (Fpex)

Foex = f (Fso, F, M, AW, Ahp, ...

procedure

h

Opex ~ OguLL

Can
torsional
moments and

yes

no
Increase Fg,

transverse forces
be transferred?

Orgy > Osgx » Oppx = |

Calculation of Ogg, , Oggy » Opay

)

FSBX)
FSBX = f (FS()1 F1 Ma AW, AhD’ .

Gasket

Oy < Oyo s Opey

no

yes

> Proof completed

Figure A 2.10-8: Schematic procedural steps for verification of strength of floating type flanged joints
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A 2.10.6.2.2.3 Blanks

The deflection AB of the blank in the bolt circle for the bolting-
up condition (condition 0) shall be:

F
ABy =S
CBo

(A 2.9-42)

with Fgg = Fpg bolt load for bolting-up condition
and cgg spring stiffness for bolting-up condition

and for and for the operating condition (condition x):

dp?
P D4 +Fez g
AB, = 4 —Dx (A 2.9-43)
Cxp C'BxFD
where the force Fg, on the cover shall be
2
Fay =p-30 ™ LR = Fap +Fr +Fay (A 2.9-44)

and

Ceyp = Spring stiffness for the loading due to force on cover
and

I
CBxFp ~ °BO £ =
BRT

The spring stiffness for the various types of loading may e.g.
be taken from

a) Markus [8]

b) Warren C. Young, case 2a, p. 339 [9]
c) Kantorowitsch [10]

or be determined by suitable methods.

spring stiffness for the loading due to
compression load on the gasket Fpy

A 2.10.6.2.2.4 Gaskets

The elastic portion of compression (spring-back) of the gasket
AD can be assumed to be, for flat gaskets

AD =D (A 2.10-45)
Cp
where
cp = Ep-m-dp -bp (A 2.10-46)

hp

Depending on the load case Ep is the elastic modulus of the
gasket material at bolting-up condition or operating tempera-
ture.

For metal gaskets of any type the springback of the gasket is
so low in comparison with the flange deflection that it can be
neglected.

A 2.10.6.2.2.5 Differential thermal expansion and additional

The equations for calculating the bolt loads and gasket com-
pression loads according to clause A 2.10.6.2.3 may also
consider differential thermal expansions between flange,
blank, bolts, and gasket as well as time-dependent seating:
AW, = I -0 - (Tey —20°) =gy - apq - (Trx —20°)~hez - apy -
(Teay —20°)—hp - ap - (Tpy —20°) (A 2.10-47)
where
(AW)y

differential thermal expansion of flange, blank, bolt,
and gasket. The indices 1 and 2 refer to the flange
and the mating flange or blank

I = grip length (distance between idealized points of
effective bolt elongation)

time-dependent gasket seating (to be considered
for non-metallic gaskets and combined seals only in
which case the manufacturer's data shall be taken
as a basis).

(Ahp)y =

A 2.10.6.2.3 Calculation of bolt loads and compression loads
on the gasket

A 2.10.6.2.3.1 Case of identical flange pairs

For identical flange pairs the following applies:

1 1 2.ap® 1
Foex = |Fso:| —+———+—|-Frx"
1 2.8y 1 [ cso Cro Coo)
I
Csx CFx Cbx
2 2
. LJra_R.Z'aD —Fey - 1 +a_,:._2~aD — AW, — Ahp,
Csx ap Cr Csx ap Crx
(A 2.10-48)
and
Fsex = Foex * Frx * Frx (A 2.10-49)

A 2.10.6.2.3.2 Case of non-identical flange pairs

For flanged joints with non-identical flanges 1 and 2 the follow-
ing applies:

2
1 1 aD
Foex = 5 5 Fsorl o —+e
1  ap ap 1 Cso F10
+ + +
Csx  Crix Crax  Cpx
2 2
a 1 1 a a a a
+ D +— -FR,]X. +ﬂ. D _Fsz.ﬁ D
Cr20 Cpo Csx ap Cri ap Croy

2 2
1 .8 @ ar2  ap
_FF1 . +—"- _FFZ — - AW *AhD
g [CSX ap Crix “ap Cry g X

(A 2.10-50)

Fsex = Foex * Frx + Frx (A 2.10-51)

and
Frix * Fr1x = Frox + Frox (A 2.10-52)

A 2.10.6.2.3.3 Flange-blank combination

For flanged joints consisting of a flange and a blank the follow-
ing applies:

2
1 1 a
Foex = 2 1 '[Fso '{—+L+

1
——+—+
Crx

CBxFD  CDx

2
+L+LJ-FRX. 1 +a_RaL _
CBo Cpo Csx ap Cry

2
1 ar ap 1
—Fry - +2E5D R — AW, - Ahp
X {CSX ap CFX] X CBxp X X
(A 2.10-53)
and
FSX = FDBX + FRX + FFX (A 210-54)

A 2.10.7 Proof of tightness and strength of metal-to-metal
contact-type flanged joints

A 2.10.7.1 General

(1) The full metal-to-metal contact of flange blade faces
(Fkontakt = 0) shall be maintained at any relevant loading to
ensure that the required properties of the metal-to-metal con-
tact type flange joint are satisfied.

(2) The gasket will only transfer a portion of the initial bolt
stress.



(3) Depending of the geometry the gap in the gasket area
may increase in between the period of time where full metal-
to-metal contact and the respective operating conditions are
obtained. This increase in gap shall be compensated by the
gasket spring-back capability Ah (see Form A 2.11-2).

Note:

The increase in gap shall be evaluated on the basis of a spring-
back curve representative for the selected type of gasket. The gap
increase at the time between gasket seating (obtaining full metal-
to-metal contact) and the operating conditions is usually limited to
0.1 mm in case of gasket thicknesses of 4.5 mm and groove
depths of 3.3 mm (unless other data are contained in Form
A 2.11-2), as the sealing behaviour of spiral gaskets and graphite
profile rings is only slightly impaired in case of gasket spring-back
to a value of 0.1 mm (see literature [11] and [12]).

(4) Where the gap dimension changes (e.g. due to differing
thermal expansion of the rigged flange components or due to
piping loads), the gasket may be subject to relaxation. The
change in leakage rate thus caused shall be determined by
the relaxation calculated to Figure A 2.11-5 and the data
contained in Form A 2.11-2.

(5) Figure A 2.10-9 shows a general method as to the per-
formance of proofs of tightness and strength for metal-to-metal
contact type flanged joints.

(6) The leakage rate of the flanged joint shall be determined
by means of the gasket contact surface load opg calculated to
Figure A 2.11-1. The leakage rate shall be less than that
required by tightness class L, and the already performed steps
(verification of stiffness, determination of bolt load) shall be
repeated.

(7) Where the individual conditions of Figure A 2.10-9 are
not satisfied, an iterative process shall be applied.

A 2.10.7.2 Simplified procedure for verification by calculation
of the strength and deformation conditions

A 2.10.7.21 General

(1) For some cases where internal pressure, additional forc-
es and moments, temperature-dependent changes in elastic
moduli, different thermal expansion in the flange and in the
bolts, as well as seating of the gasket occur, equations are
given in the following clauses to approximately determine the
bolt loads Fs, the compression loads on the gasket Fp, the
flange moments M as well as the gap increase As for the
respective conditions.

(2) Alternatively, an approximate calculation for verifying the
strength and deformation conditions may be made by other
procedures for a detailed evaluation of the

a) torsional rigidity of flanges,

b) radial internal pressure,

c) effective bolt circle diameter.

A 210.7.2.2

(1) The determination of the differences in thermal expansion
AWy (except for the gasket) as well as the determination of the
spring stiffness for bolts and blanks shall be made in accord-
ance with A 2.10.6.2.2. The flange spring stiffnesses shall be
calculated in accordance with clause A 2.10.6.2.2 in considera-
tion of the reduction factors fc. (see sub-clause A 2.10.5 (2).

Input values

(2) The gasket load required to obtain full metal-to-metal con-
tact Foku shall be determined according to equation (A 2.9-17).

(3) The spring stiffness of metal-to-metal contact type
flanged joints shall be derived from the gasket spring-back
curve or Form A 2.11-2 as follows:

CpkNs =7 - dp- bp- Epkns/hp (A 2.10-55)
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Here, depending on the load case, Ep kns is the elastic modu-
lus of the gasket material at assembly or operating tempera-
ture.

(4) The distance of bolt hole centre to outer point of contact
between the two flange blades, am, shall be taken as lever arm
of the contact forces akontakt. In the case of loose-type flanges
this is the distance from bolt centre to stub-end outside diame-
ter dg. A more exact calculation to the following equation is
permitted (iterative procedure with the initial value akontakt = am
when determining the force Fkontakt,0):

Fontakt 0

AKontakt = am + (A 2.10-56)

2-dy - Rpgrr

In the case of dissimilar flange ring materials the tensile
strength Rmrt Of the weaker flange ring material shall be taken.

A 2.10.7.2.3 Case of identical flange pairs
A 2.10.7.2.3.1 Gasket seating condition

Xs,0 = Fso/ Cso (A 2.10-57)
Yr, kns = Foku * @p/ Crp (A 2.10-58)
2-(Fgo —F,
Fso ~Foku +(ap — akontakt )-ap “CDkNsg '{(SgFDKU)}
FKontakto = 5 0
1+ (ap - akontak ) “Chynsg [CF]
0
(A 2.10-59)
Fso-ap Fkontakt
YOS T ‘ga O .(ap -akontat) (A 2.10-60)
Fo Fo
Fog = Foku - {2:(rFg = Yrkns) } (8D — Akontak) * Cogns,
(A 2.10-61)
Gap increase at gasket diameter dp:
Asg = 2- (ap — aKontakt) * (YFg— YFkng) (A 2.10-62)
Flange moment:
Mo = ¢, - Cry (A 2.10-63)
A 2.10.7.2.3.2 Operating condition
Ye, = (az-dy—-dy) (A 2.10-64)
(az-b1—by)
FKontakty = = YF, - b1 + dq (A 2.10-65)

with the coefficients:
by =2 Cs, - akontakt~ 2 * (4D~ Akontakt) * CDys, (A 2-10-66)
dq =2 Cs, - AKontakt * YFg — kNS * FDKU— 2 * YFgns

(@D~ AKontakt) - Cogng, ~ FR1 = FF1+ Cs, - (Xs0 = AWy)

(A 2.10-67)
a2 = @p — AKontakt (A 2.10-68)
by = Cgq, + 2 - Cs, - Akontakt " AD (A 2.10-69)

d2=Cs, -2 Yy - AKontakt - @D * Fr- (@R —ap) *
+Fg-(ag—ap) + Cs,* (XSO —AW,) - ap (A 2.10-70)

Fo, = 9kns - Foku—1{2 - (vr, — Yrgns)t * (@D — @kontakt) -

" Cbyns (A 2.10-71)
X
Fs, = Fkontakt, * Fp, + FR* FE (A2.10-72)
Gap increase at mean gasket diameter dp:
Asy =2 - (ap — akontakt) * (YF, — YFkns) (A 2.10-73)
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Flange moment:

My = vF, - Cry (A 2.10-74)
A 2.10.7.2.4 Case of non-identical flange pairs
A 2.10.7.2.4.1 Gasket seating condition
Xsy = Fso/ cgy (A 2.10-75)
Tr1kns = Foku ~@p/ Crig (A 2.10-76)
r2ens = Foku - @b/ Crzg (A 2.10-77)

Fso —Foku , Fso —Fpku
Fso —Foku + (@D —akontakt 2D “Coknsg { +

Cr1y Cr2q
FKontakto =
1 1
1+(ap ~Akontait “Coknsg {CF1+ o ]
0 0
(A 2.10-78)
Fso-a Fiontakt
Vg o= (ap ~Akonta)  (A2.10-79)
F1o F1o
Fso-a Fiontakt
T2 = o 2o (8D ~Akonta) (A 2.10-80)
F2¢ F2¢
Foo = Foku - {(vr1g = vr1ng) * (Yr2g — YR2kns )} -
- (@D — @kontakt) * Coys, (A 2.10-81)

Gap increase at gasket diameter dp:

Asg = (ap — akontakt) - {(YF19 = YF1kng) + (YF2g = YR2kng !}

(A 2.10-82)

Flange moments:
M1q = YF14 - CF1g (A 2.10-83)
Mz, = Yr2, - Crog (A2.10-84)

A 2.10.7.2.4.2 Operating condition
(by —cy)-(ap-dy—dy)—(as-by—by)-(dy —ds)

YF2y =
X (bp-cy)(az-by—cy)—(az-by—by)-(ca—c3)
(A 2.10-85)
1= =g, o221 =02) (B2 e a2 q080)
(az-by-by) (az-by-by)
Fiontakty, = = YF1, - 01— YF2, - D1 + dy (A 2.10-87)
with the coefficients:
b1 = Cs, - AKontakt ~ (AD ~ Akontakt) * Cogng, (A 2.10-88)

dy = Cs, - AKontakt (YF1g * YF2) — 9kNs * Foku— YFikns -
- (@D — @Kontakt) * CokNs, ~ YF2kns * (8D~ AKontakt) -

“Cpyns, ~ FR1=FF1+ Cs, (Xsg —AWy) (A 2.10-89)
a2 = ap — AKontakt (A 2.10-90)
by = Cgq, * Cs, * AKontakt " AD (A 2.10-91)
C2 = Cs, * AKontakt * @D (A 2.10-92)

dz =cCs, - (YF1y + YF2g) - Akontakt* @p * Fr1- (@r1—ap) +
+Fr1- (@Qp1—ap) * Cs - (Xsg—AW,) -ap (A 2.10-93)

C3 = Cpp, * Cs, * AKontakt * @D (A 2.10-94)

d3 =cCs, - (YF1y + YF2p) - Akontakt* @D * Fr2 - (@rz—ap) +
+Fr2- (@p2—ap) + s (xsy —AW,) -ap (A 2.10-95)

Fb, = 9kns - Foku—{(vF1, — YF1gns) + (F2, — YR2kns )t

(@ — aKontakt) * oy, (A 2.10-96)
Fs, = Fkontakty, * Fp, * Fr1t Fey (A 2.10-97)
Gap increase at gasket diameter dp:

Asy = (ap — akontakt) * {(YF1, = YF1kng) T (TF2— YF2kns )

(A 2.10-98)

Flange moments:
M1, = vF1, - Cry (A 2.10-99)
My, = vF2, - Cr2, (A 2.10-100)

A 2.10.7.2.5 Flange-blank combination

The equations for non-identical flange pairs (except for the
equations to determine the flange moments on second flange)
to clause A 2.10.7.2.4 apply with the following substitute val-
ues for modelling the blank as second flange.

Crz, = CBy - aD° (A 2.10-101)

Crz, = (Eg/Ez0) - Cgy - @p? (A 2.10-102)

Fre=p % m-dp®+Fpz (A 2.10-103)

agp= 2D_CBXFD (A 2.10-104)
CBxp

Fr2=0 (A 2.10-105)

The verification of strength of the blank shall be made with the
loads Fp, and Fgontakt, at gasket seating condition and with
Fikontakt,» FD,» P @and Fgz at operating condition.
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Input data

Flanges: dimensions
allowable stresses
Bolts: dimensions
allowable stresses
initial bolt prestress, tightening procedure
Gasket: dimensions
gasket factors
Loadings (p, T, F, M, ...)
Tightness class to be applied

v |
Determination of contact force, Change of flange,
gap increase and gasket load reaction bolts,
Frontakt = f (Foku» Fso» Cgs Cg, Cp, AW) gasket,
As = f (Feonant » Fe» Fr » stiffnesses) bolt tightening
Fy = f (Foxy, AS) procedure

A
|

Determination of leakage rate A
A =1 (p, Opg)
Opg = Okns ™ 9kns OF
opg = f (gap, spring-back)

no

Can
torsional
moments and
transverse forces
be transferred?,

no

Examination of component loadings

no

no

Proof completed

Figure A 2.10-9: Schematic procedural steps for verification of strength of metal-to-metal contact type flanged joints
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Ser.
no.

Bolting-up

’
Type of stress ") condition

Loading levels

0 A B P

Stress resulting from internal pressure,
required gasket load reaction and exter-
nal loads 2

Fs=Frp +Fr+Fpg* Frz * Fry

1 8)9)

Smors? Smors? - 14 "po2T

Stress at test condition 2)
Fsp =Frp +Frz +Fam + Ff +Fpg

Stress at bolting-up condition 4)5) 1 8)

— R
Fso 19 “pO.2RT

Stress due to internal pressure, external
loads, residual gasket load and differen-
tial thermal expansion 6), if any, taking
the relation between bolt load and resid-
ual gasket load at the respective pres-
sure condition into consideration 5) 7)

See clause A 2.10.1 for definition of notations used.
If equations (A 2.10-1) to (A 2.10-3) are used.

In consideration of the requirements of sub-clause A 2.9.3 (3).

austenitic and ferrritic materials for flange and bolts.
In the case of calculation as per clause A 2.10.6.
8) For cast steel 0.75 - Rpo.ot instead of Rpg o7/1.1.

For diameter ratios dg/d; > 2 all stress intensity limits shall be reduced by the factor ® = 0.6 +

)
)
3) Sy, for test group A1 components, S for test group A2 and A3 components.
) If equation (A 2.10-4) is used, within dimensioning Fsou and within the verification of strength Fgg,5, shall be taken.
)
)

Consideration of differential thermal expansion at a design temperature > 120 °C. This temperature limit does not apply to combinations of}

9 Where proof of tightness is required for loading levels C and D, the same procedure as for levels A and B to ser. No. 4 shall apply.

Table A 2.10-1: Allowable stresses c,,, for pressure-loaded flanged joints made of steel

A 211 Gaskets
A 2111 General

(1) For the notations and units the requirements of Sections
A 2.9.1and A 2.10.1 apply.

(2) The gasket factors shall be provided by means of Forms
A211-1and A 2.11-2.

Note:
Procedures for determining the gasket factors are contained in [13].

A 2.11.2 Gasket factors for design of floating type flanged
joints
Note:

See DIN 28090-1 (1995-09) and DIN EN 13555 (2005-02) for def-
inition of gasket factors.

A 2.11.2.1 Lower limit value for gasket seating at bolting-up

condition oy,

The minimum gasket contact surface load at bolting-up condi-
tion ovu/L is the contact surface load that shall be applied on
the effective gasket surface (compressed gasket surface)
Ap =rn-dp - bp by the bolt load for gasket seating condition

Fso to obtain the required tightness at operating condition by
adaptation to the flange surface roughness and decrease of
inner cavities. Figure A 2.11-1 shows an example for the
determination of the gasket factors for evaluating the sealing
properties (OyyL, OgusL)-

The tightness class relating to the gasket factor ovusL is in-
dexed, e.g. ovu/o.1 for tightness class Lo.1 with a specific leak-
age rate A < 0.1 mg/(s - m).

ovu/L therefore will govern the required minimum gasket seat-
ing force for bolting-up condition Fpvu = Ap - ovu/L for a spe-
cific tightness class L. Table A 2.11-1 shows possible as-
signments of tightness classes to the fluid used.

Note:

(1) See Figures A 2.11-2 and A 2.11-3 as regards the determina-
tion of the effective gasket seating surface.

(2) The gasket width bp of curved surface metal gaskets to Fig-
ure A 2.11-3 shall be determined to the calculation approaches of
DIN EN 1591-1 (2009-10) “Flanges and their joints. Design rules
for gasketed circular flange connections. Part 1: Calculation meth-
od; German version of EN 1591-2:2001 + A1:2009“ to DIN 2696
(1999-08) “Flange joints with lens gasket” or to manufacturer’s
date where the gasket factors pertinent to the respective calcula-
tion procedure shall be taken.



“.._Initial bolt stress

Specific leakage rate A [mg/sm]

0.1+
............... 0wy, 0.01
0.01 e
Oy, 001 . )
Operation Oy
T T T T
0 10 20 30 40
Mean gasket contact surface load @ [MPa]
ogy © Minimum gasket contact surface load for operation
oyy - minimum gasket contact surface load at bolting-up condition
oy : effective gasket contact surface load at bolting-up condition
L : tightness class, max. allowable value for A (here: A = 0.01)

Figure A 2.11-1: Determination of the gasket factors for eval-

uating the sealing properties
(schematically shown)

I
|
|
|
|

dp

-

Figure A 2.11-2: Gasket width bp

Figure A 2.11-3: Gasket profiles for metallic gaskets with

curved surfaces
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Figure A 2.11-4: Angle a shown with the example of a lens
gasket

A 2.11.2.2 Maximum gasket contact surface load at bolting-
up condition oy

The maximum gasket contact surface load at bolting-up condi-
tion ovo is the maximum contact surface load that may be
applied on the effective gasket surface Ap == - dp - bp by the
bolt load for gasket seating condition in order to avoid inad-
missible loosening of the gasketed joint by destruction (com-
pressive load testing) or yielding or creep (compression stress
testing) of the gasket. It shall govern the maximum allowable
gasket load reaction for bolting-up condition Fpvo = Ap - ovo
at ambient temperature.

A 2.11.2.3 Minimum gasket contact surface load at operating
condition ogy,_

The minimum gasket contact surface load at operating condi-
tion ogu/L is the contact surface load that shall be applied on
the effective gasket surface Ap = x - dp - bp in order to obtain
the requested tightness class for a given fluid, internal pres-
sure and a given temperature.

The characteristic value ogu/L shall be determined in depend-
ence of the gasket contact surface load at bolting-up condition.

The tightness class on which the characteristic value ogu/L is
based, is indicated by the index, e.g. osui.1 for tightness
class Lo.1 with a specific leakage rate A < 0.1 mg/(s - m).

oBu/L thus determines the required minimum gasket load at
operating condition Fpsu = Ap - ogu/L for a specified tightness
class.

A 2.11.2.4 Maximum gasket contact surface load at operat-
ing condition ogg

The maximum gasket contact surface load at operating condi-
tion ogo is the maximum contact surface load that may be
applied on the effective gasket surface Ap == - dp - bp at any
possible operating condition in order to avoid inadmissible
loosening of the gasketed joint by structural damage or creep
of the gasket. oo governs the maximum allowable gasket
load reaction Fpeo = Ap - oo at operating temperature.

A 2.11.2.5 Load compression characteristic Ahp and gasket
factor Por

(1) The load compression characteristic Ahp refers to the
change in a gasket height under operating condition upon
completion of assembly.

Note:

Where the stiffness of the rigged system is known, the loss of
seating force can be determined by means of Ahp.
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(2) The gasket factor Pqr is a factor used for crediting the
influence of relaxation on gasket compression upon bolt tight-
ening and of the long-term effect of the operating temperature.

(3) For the purpose of verifying the of calculation of strength
and deformation conditions as per Section A 2.10.6 the gasket
characteristic Pqr shall be converted to obtain a load com-
pression characteristic value Ahp in accordance with Section
8.6 of DIN EN 13555.

A 2.11.2.6 Substitute elastic modulus Ep

The substitute elastic modulus Ep describes the elastic recov-
ery behaviour of the gasket. For gaskets with non-linear re-
covery Ep is defined as the secant modulus of the recovery
curve. The values used in the calculation for the substitute
elastic modulus Ep shall refer to the initial gasket height (as
required by DIN 28090-1).

A 2.11.3 Design values for metal-to-metal contact type joints

A 2.11.3.1 Minimum gasket contact surface load at metal-to-
metal contact

The minimum gasket contact surface load okys is the gasket
surface load to be exerted by the bolt at bolting-up condition to
obtain metal-to-metal contact.

A 2.11.3.2 Sealable pressure at metal-to-metal contact

The sealable pressure pgng) is the internal pressure that can
be sealed at metal-to-metal contact of flange blades without
exceeding a leakage rate to be specified.

A 2.11.3.3 Relaxation factor at metal-to-metal contact

The relaxation factor at metal-to-metal contact gxns indicates
the percentage value by which the gasket contact surface load
at metal-to-metal contact decreases at the given operating
temperature and over a period of time representing the operat-
ing time.

Note:

See also Figure A 2.11-5.

A 2.11.3.4 Substitute elastic modulus Ep ks

The substitute elastic modulus Ep kns describes the gasket
elastic recovery behaviour for various spring-back conditions
from full metal-to-metal contact. Ep kns is defined as the se-
cant modulus of the recovery curve. The values used in the
calculation for the substitute elastic modulus Ep kns shall refer
to the initial gasket height.

9KNs "OkNs

H with relaxation

Okns

without relaxation

log leakage rate [mg/(s'm)]
tightness class

P Operation
Internal pressure [MPa]

9KkNS "Okns

Okns

log leakage rate [mg/(s'm)]
tightness class

with relaxation
without relaxation

PKNSIL PKNSIL
Internal pressure [MPa]

Figure A 2.11-5: Determination of leakage rate (top) and of
the sealable pressure (bottom) for metal-to-
metal contact type flanged joints (schemati-
cally shown)

Tightness class Leakage rate at leak test with test fluids Fluid
L He or N,
mg/(m-s)
L1o Water without activity
Lo 101 a) Water with activity
b) Water vapour without activity
c) Pressurised air
Lo.o1 1072 Water vapour with activity

Table A 2.11-1: Examples for assignment of tightness classes and fluids
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Gasket factors 1) for floating type flanged joints

Manufacturer: Designation:
Sealing properties (ovu/L, oBu/L)
Dimensions of gasketed flange test connections:

Testflud?2 | oo s s

Tightness o = 7= 7 e [

Internal pressure, MPa 3 | s s

Gasket factors, MPa 4) Ovu/L Ov | OBUL | OvusOv | OBUL | Ovuls Ov | OBUL | OvuLs Ov | OBUL
Deformation properties (cyo, oo, Ep, Ahp)
Dimensions of gasketed flange test connections:

RT 100 °C 200 °C 300 °C 400 °C

6yo Of o in MPa 9 (')\(

ED (GV = . MPa) V

Ep ( MP QC:

plov~ i 2) P\
A\
Ep(oy=.... MPa) ] @Y
N
Dot

ED (GV = . MPa) 6‘

Dimensions of gasketed flange test connections:
RT 100 °C 200 °C 300 °C 400 °C
c in MPa 6) C1 C2 C1 C2 C1 Cz C1 Cz C1 Cz
Ahp
in mm

C: Stiffness of compression stress test equipment Cy= kN/mm Cy= kN/mm

requirements.

of the next higher pressure stage

nection with Ahp

shall always be taken.

6) Initial gasket contact surface load.

" For gasket platens data on the influence of gasket dimensions (hp, bp) are additionally required.
2)  The test fluid selected shall be nitrogen or helium. The tightness class and internal pressure stage shall be selected to meet the user’s

3) The internal pressure stages to be used shall preferably be 1, 2, 4, 8 and 16 MPa. In the case of intermediate values the gasket factors

ogu,L shall be taken in dependence of oy > oyy,_. Alternatively graphic representations may be given.
5 In the case of gaskets where creep relaxation has considerable influence on the gasket, these factors can only be considered in con-

Form A 2.11-1: Summary of gasket factors
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Gasket factors for metal-to-metal contact type flanged joints

Manufacturer:

Designation:

Sealing properties (Pkns/L)

Dimensions of gasketed flange test connections:

Groove dimensions:

Test fluid:

Internal pressure V), MPa

Leakage rate A, mg/(m-s)

OKNS = ---- M
and Ah= ... m

Pa O'S.GKst .... MPa|...
m and Ah = ... mm

® OKNS =
and Ah = ... mm

. MPa

|| BIN|-

Deformation properties (ckns, 9kNs; Ep kns)

Dimensions of gasketed flange test connections:

Groove dimensions:

RT

OKNS>» MPa

Dimensions of gasketed flange test connections:

Groove dimensions:

RT

100 °C 200 °C

300 °C

400 °C

9KNS

Dimensions of gasketed flange test connections:

Groove dimensions:

Spring-back Ah, mm

EDKNS (RT),
MPa

EDKNS (100 °C), EDKNS (200 °C)
MPa MPa

EDKNS (300 °C),
MPa

EDKNS (400 °C),
MPa

Ah : Spring-back from full metal-to-metal contact

' The gasket factors of the next higher pressure stage shall be taken.

Form A 2.11-2: Summary of gasket factors




A3 Pumps

A 3.1 Design values and units relating to Section A 3
Notation Design value Unit
b effective length mm
Cq, Co allowances (see Section 6.4) mm
d diameter of casing bore mm
da diameter of opening in flat circular head mm
d; inside diameter of opening mm
di1, dio | inside diameter of adjacent opening mm
dy bolt circle diameter mm
e edge distance to opening mm
I nominal width of ligament mm

design pressure MPa
s wall thickness of unpierced cylinder mm
SA required wall thickness at edge of open- mm
ing

Se actual wall thickness at edge of opening mm
Spl wall thickness of flat circular head mm
t thickness of discharge cover mm
Ap pressure loaded area mm?2
As, Aso, | pressure-retaining cross-sectional area mm?2
Ast
B4, By, |auxiliary values —
Bs
Ca factor for openings —
C4 auxiliary value 1/mm
Cy, Cs3, |auxiliary values —
Cq4
D, outside diameter of cylinder mm
D; inside diameter of cylinder mm
F'r pipe force referred to bolt circle diameter d;| N/mm?2
S design stress intensity acc. to Section 6.6 N/mm?2
Sm design stress intensity acc. to Section 6.6| N/mm?2
G1 local membrane stress N/mm?
b bending stress N/mm?2
B design value acc. to equation (A 3.2-9) —

A 3.2 General

Figures A 3.2-1, A 3.2-2 and A 3.2-3 show the casing types
and components covered by the component-specific analysis
for pumps for some typical cases. Figure A 3.2-1 shows an
example of a single-stage annular casing pump with a forged
casing, Figure A 3.2-2 with a cast casing. Figure A 3.2-3
shows the example of a multi-stage barrel-type pump with a
forged cylinder. Characteristic for forged casings is the over-
dimensioned unpierced cylinder to withstand internal pressure.
In these cases, the flattened areas for the pressure (outlet) or
suction (inlet) flange govern the dimensioning, for which de-
sign principle are given in Section A 3.3.

For the design type of a cast annular casing pump shown in
Figure A 3.2-2 specific dimensioning procedures cannot be
given. The calculation may e.g. be based on the theory of
bending of shells of revolution.
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j \ E Flattening
Outlet flange R / for flange
: S
Flat & 3/1
circular head /'\
|~ Bore for

seal-water supply

T2 |

|- Discharge cover

Inlet flange

Cylindrical casing

Figure A 3.2-1: Example of a single-stage annular casing
pump with forged casing

Outlet flange

\r Discharge

Inlet flange cover

Cast annular casing

Figure A 3.2-2: Example of a single-stage annular casing
pump with cast

l Inlet flange t Outlet flange

Flattening
for flanges

{
|
|
|
|
|
|
|
|
|
|
|
|
]
N
|

M Discharge M Barrel-type

cover casing

)

7

Discharge :

cover

Figure A 3.2-3: Example of a multi-stage barrel-type pump
with forged casing
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A 3.3 Dimensioning of openings in cylindrical pump bodies
with flattening

A 3.3.1 Scope

(1) Only such types of openings on pump bodies are treated
as do not fall under the scope of the rules in clause A 2.8.2.

(2) The calculation rules hereinafter apply to cylindrical
pump bodies provided with a flattening at the opening (see
Figure A 3.3-1 to A 3.3-5) within the following limits:

0.002<%=%17% <0 4
D,

and

D,/D;<1.7
The diameter ratio di/D; is limited to < 0.6.
When applying the equations of clause A 3.3.5 the following
limits shall be adhered to for the circular plate:

spDij<1/3 and da/D;<0.7.
(3) Additional external forces and moments are not covered
by this rule and shall be considered separately, if required.

One possibility of calculation is, e.g. the consideration of a
sufficiently increased internal pressure.

A 3.3.2 Types of reinforcement

(1) The procedure assumes that within the flattened area the
actual wall thickness sg is great enough to compensate for the
weakening due to the flattening and opening.

(2) Therefore, for forged casings a greater thickness shall be
selected for the cylindrical body than is required for the weak-
ened cylindrical shell, or an eccentric casing shape shall be

selected.

(38) For cast casings cast-integral nozzles or local reinforce-
ments for compensation of area may be used.

A 3.3.3 Design strength values

Depending on test group A1, A2 or A3 the design stress inten-
sity Sy, or S from Table 6.6-1 shall be taken.

Geometry of cylinder
in unweakened area

Flattening ¢ b Agi S
for flange ! =
s
{ h | oo
,,,,,,,,,,,,, I
-

Figure A 3.3-1: Design sketch for barrel-type casings and
adjacent openings in longitudinal direction of

Geometry of cylinder
in unweakend area

Flattening

for flange Ac1 ~
\ o dp L/ dp T
[&]
\‘m%l 5
SN s el I B e et i o7y BEZA

bin W
\—L/ \\J';/ A

t ‘ Ap 1 AGO {
,,,,, s Y
A

Figure A 3.3-2: Design sketch for barrel-type casing with
flattening and adjacent openings in longitudi-
nal direction of cylinder

Geometry of cylinder
in unweakened area

Flattening
for flange Aao N
di e / ?_
N T §
|
\+/ ‘
\ Aot
|
‘ Ap a
= B I A S L
dp1

Figure A 3.3-3: Design sketch for annular casings with flat-
tening and opening

Geometry of cylinder
in unweakend area

Flattening
for flange Aoo
di e / ‘z’_
<
—
| Ac1
| 5
| P
= i L
LGt

Figure A 3.3-4: Design sketch for an annular casing with
flattening and opening; the gasket lies on the

cylinder

inside of the cylinder



Geometry of cylinder
in unweakend area

Flattening
for flange Aso
(o]
\A e/ 4 b/ &
S
o L L, ot

Figure A 3.3-5: Design sketch for pipe casing with flattening
and opening

A 3.3.4 Dimensioning
A 3.3.4.1 Required wall thickness

The calculation of the required wall thickness s, shall be made
with the relationship

Ay 1
p- A_+§ <8, orS, (A 3.3-1)

based on a consideration of equilibrium between the pressure-
loaded area and the effective cross-sectional area. The pres-
sure-loaded area A, to be inserted in equation (A 3.3-1) as well

as the pressure-retaining cross-sectional area A, = Agg + Agq
are obtained from Figures A 3.3-1 to A 3.3-5.

A 3.3.4.2 Effective length

Not more than b according to equation (A 3.3-2) shall be used
as effective length:

b = (D +sa-C1-Cp)-(sp-Cq-Cp) (A3.3-2)

Where an opening is located so close to the cylinder end that
the edge distance e to the opening is smaller than b, only the
actual length shall be taken.

A 3.3.4.3 Interaction of openings

(1)

is

Interaction of openings may be neglected if the distance

I22~\/(Di+sA-c1-02)-(sA-c1-02). (A 3.3-3)
(2) Where the distance | does not satisfy equation (A 3.3-3),
it shall be checked whether the remaining cross-section be-
tween the edges of the openings is able to withstand the load-
ing exerted on it. This is the case if equation (A 3.3-1) is satis-
fied.

A 3.3.4.4 Influence of boreholes

Where in the section under consideration or within an angle of
22.5° boreholes are provided, they shall be deducted from the
pressure-retaining area A, in accordance with Figure A 3.3-6.
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Geometry of cylinder
in unweakend area

Flattening
for flange
d Flattening
d; for flange

Figure A 3.3-6: Design sketch for consideration of boreholes

A 3.3.5 Influence of flat heads on cylindrical casings

(1) For annular casings, as shown in Figures A 3.3-3 and
A 3.3-4, a stress analysis is not required for the transition of
cylinder to flat head within the area of flattening and opening
for nozzle if

a) the wall thickness of the flat circular head is

p
Sp| =O4CAD| a

The opening factor Cp shall be taken from Figure A 3.3-7.

(A 3.3-4)

b) the local membrane and bending stresses in the unweak-
ened cylinder at the transition to the flat circular head satis-
fy the condition
(o1 +0p)<1.5- S (A 3.3-5)

c) the ratio of the wall thickness s in the unweakened area of
the cylinder to the wall thickness sq in the flattened area is

s/se < 2.

Where s/s, exceeds 2 it shall be proved that the local
membrane and bending stresses in the unweakened
cylindfer at the transition to the flat circular head satisfy the
following condition:

i-(01+0b)33-3m
Se

(A 3.3-6)

(2) The determination of the local membrane and bending
stresses in the unweakened cylinder may be done analytically
by means of the freebody or finite element method (see Sec-
tion 8.3).
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To determine o} and o}, by analysis the following relationships C. - di
may be used (the geometric dimensions are shown in Figure T 2 2 o1
A3.3-8). 2:0+9)-[D+5) - da?]
2 2 ,
p-Df —d Fk -d )
o= bf - <) +—= (A3.3-7) (D52 +186-d2 2125
(Dj+s)-4-s (Dj+s)-s d,
A 3.3-13
16.85-p-By> +6.3-B3>-(10.4-F5 -C,+p-Cy): 257-‘/57%5 .C3-C d? 2 2 ( )
L 1 0By IDATR S ¥ PR )| = 1 TP3s e +]1-— ~[(Di+s) -0.54+dp ] -
b= 2
3 Di+s
10.92-B12+B3'24-[30.85-:/52+8.5-JE1-03-822+12-W‘] Dixs)
BZ B B _ dt ) dtz +2-|nDi+S—1
. (A 3.3-8) 2 5
with 2:(Dj+s)” \(Dj+s) dy
d
B= 5 ﬁs (A 3.3-9) )
I .
C,=1-2-B% +p2- 4.71+7.43Aﬂ (A 3.3-14)
D; +s 2
By=— (A 3.3-10) 1-p2
2-s
2
s Di+s
B, =2 (A 3.3-11) Cs = <'—2>2 (A 3.3-15)
S (DI +S) —dA
D;+s
B3 = 2-sy (A3.3-12) Cy = 0.7+1.3-p? (A 3.3-16)
1.2
A
1.1 - B
10 —#
<< AN
'$) NC
é 0.9 \\
g == d
[ — — | ~
S da ==
° A — B ) )
0.8 == ~
) —/— \
N N —— N - =
Dj ;; Dj
07 =
7 I == / .
0.6
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8
Ratio da/D; or di/Dj _—

Figure A 3.3-7: Opening factor Cp
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Figure A 3.3-8: Transitional area from cylinder to flat head

A 3.4 Weakening by boreholes
A 3.4.1 Boreholes in casing covers

Service boreholes for mechanical seals, water-lubricated bear-
ings etc. shall be taken into account. Normally, several bore-
holes are distributed over the cover.

If the borehole diameter is less than 20 % of the minimum wall
thickness and is not more than one borehole located in merid-
ional direction, the weakening need not be considered in the
strength calculation.

If the borehole diameter exceeds 20 % of the minimum wall
thickness or if several boreholes are located in one meridional
plane, this location may be dimensioned by using 1.5 - S,,.

1.0-d

d<02-t

Figure A 3.4-1: Boreholes in casing cover

A 3.4.2 Boreholes in the cylindrical shell

Where the casing shell is designed with 50 N/mm? criterion,
weakening by an axial borehole (e.g. balance water bore) is
permitted.

This location shall be considered in the strength calculation
with the following equation:
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(A 3.4-1)

Figure A 3.4-2: Borehole in cylindrical shell

A 3.5 Required engagement length
The requirements of clause A 2.9.4.3 apply.

A 3.6 Washers and extension sleeves for high-strength bolts
A 3.6.1 Washers

If the bolted joint corresponds to the DIN dimensions, also DIN
standard washers shall be used. The strength of the washer
shall be compatible with the strength of the nut and bolt mate-
rials. If this is not the case, a separate verification is required.

Where corrosion protection is required, the washers shall be
galvanised and be chromated in accordance with DIN EN SO
2081 Code D.

A 3.6.2 Extension sleeves

Extension sleeves shall be made in accordance with DIN 2510-7.
The use of the bolt material is recommended for extension
sleeves (DIN 267-13). If necessary, the same corrosion pro-
tection as for washers shall be provided.

A 4 Valves
A 4.1 Valve bodies

A 4.1.1 Design values and units relating to Section A 4.1

Notation Design value Unit

a, aq, ap | distance mm

b, by clear width of non-circular cross sections mm

Cq, Co wall thickness allowances mm

daj inside diameter of branch mm

dhi inside diameter of main body mm

| length of transition from circular to ellipti- mm
cal cross-section

el die-out length mm

ea effective length of branch mm

ey effective length in main body mm

Sg calculated wall thickness without allow- mm
ances

SA0 calculated wall thickness of branch with- mm
out allowances

SAn nominal wall thickness of branch mm

SHO calculated wall thickness of main body mm
excluding allowances

SHn nominal wall thickness of main body mm

sy wall thickness at transition of flange to mm
spherical shell
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Notation Design value Unit
Sh nominal wall thickness mm
SRn nominal wall thickness of pipe mm
y cylindrical portion in oval bodies mm
Ap pressure-loaded area mm?
A effective cross-sectional area mm?2
Bn factor for oval cross-sections —
Ck factor —
effectiveness of edge reinforcement —
o angle between axis of main body and degree
branch axis
Subscripts
b  bending u circumference
I longitudinal m mean/average
r  radial B operating condition
t  torsion 0 as-installed condition
A 4.1.2 Scope

The calculation hereinafter applies to valve bodies subject to
internal pressure. Loadings resulting from external forces and
moments shall be taken into account in accordance with Sec-
tion 8.4.

A 4.1.3 Calculation of valve bodies at predominantly static
loading due to internal pressure

A 4.1.3.1 General

(1) The valve bodies may be considered to be a main body
with a determined geometry with openings or branches and
branch penetrations. The calculation of the wall thickness
therefore comprises the main body lying outside the area
influenced by the opening and the opening itself. The main
body is considered to be that part of the valve body having the
greater diameter so that the following applies:

dHi > dAi or b2 > dAi'

(2) The transitions between differing wall thicknesses shall
not show any sharp fillets or breaks to minimize discontinuity
stresses and show a good deformation behaviour. Depending
on the chosen stress and fatigue analysis additional design
conditions shall be satisfied, e.g. with regard to the transition
radii (see Section 8.4).

The main body wall thickness sy, and the branch thickness
San shall be tapered to the connected pipe wall thickness sg,
on a length of at least 2 - sy, or 2 - sp,, respectively. In addi-
tion, the condition of clause 5.1.4.2 regarding the transitional
area shall be taken into account.

(3) For the total wall thickness including allowances the
following applies:

SHn =2 SHo T C1 t Co (A4.1-1)
and

San=Spa0 T C1t+Co (A 4.1-2)
where sy, and sy apply to the main body and sp, and spg to

the branches.

(4) For the recalculation of as-built components the following
applies:

SH) < SHnh-C1-Co (A 41-3)
and

Sa0 < San - C1 - Co. (A 4.1-4)

A 4.1.3.2 Calculation of the main body outside the opening or
branch area and without any influences at the
boundary

A 4.1.3.2.1 General

The geometric configuration of the main body of valve bodies
may be cylindrical, spherical, conical or oval. Accordingly, the
wall thicknesses can be determined within body areas remote
from discontinuities.

A 4.1.3.2.2 Determination of the required wall thickness sq of
cylindrical main bodies

The required wall thickness sq of cylindrical main bodies shall
be determined in accordance with clause A 2.2.2.

A 4.1.3.2.3 Determination of the required wall thickness s of
spherical main bodies

The required wall thickness sq of spherical main bodies shall
be determined in accordance with clause A 2.3.2.

A 4.1.3.2.4 Determination of the required wall thickness s of
conical main bodies

The required wall thickness s; of conical main bodies shall be
determined in accordance with clause A 2.4.2.

A 4.1.3.2.5 Determination of the required wall thickness sq of
oval main bodies
(1) In the case of oval-shaped cross-sections (Figure

A 4.1-1) the additional bending loads in the walls shall be
considered.

— 2
1
a7
&
1 b

Figure A 4.1-1: Oval-shaped valve body
(2) The theoretical minimum wall thickness for such bodies
subject to internal pressure is obtained as follows:

p-b 4.8
2 BOZ+ m
2-s, p

’

0

B, (A 4.1-5)

(3) The wall thickness shall be calculated at the locations 1
and 2 shown in Figure A 4.1-1 for oval cross-sections, since
here the bending moments obtain maximum values and thus
have essential influence on the strength behaviour.

(4) The factor By depending on the normal forces shall be
for location 1: Bo = by/by

for location 2: Bg=1.

(5) By, shall be taken from Figure A 4.1-2.

(6) The factors B, depending on the bending moments are
shown in Figure A 4.1-2 for oval cross-sections at locations 1
and 2 in dependence of bq/b2. The curves satisfy the following
equations:

CA-ke® K 1-2:k7

B -
6 E 6

(A 4.1-6)



2 2 ,
B, - tKem _T-ke” K (A 4.1-7)
6 6 E
b 2
with kg2 1—( 1} (A 4.1-8)
b,
Note:

K" and E~ are the full elliptical integrals whose values can be taken
in dependence of the module of the integral kg from Table books
such as ,Hiitte I, Theoretische Grundlagen, 28 th edition, Publish-
ers: W. Ernst u. Sohn, Berlin®.

(7) For the factors relating to bs/b, > 0.5 the following ap-
proximate equations may be used:

B, —(1—b—1]-{0.625—0.435- 1—ﬁ1 (A4.1-9)
b, b,
Bz—( —ﬂ}-{0.5—0.125-[ —QJ (A 4.1-10)
b by /|
0.35
B2
03 \\
by2
\\ M = p . T . Bn
025 \
N
0.2 \\
@ B1
™~ \( Fig. A4.1-1
0.15 AN
\\2<
N\
N\
0.1 \\
A\
0.05 \
0
0 0.2 04 06 0.8 1.0
by /by ——
Figure A 4.1-2: Factor B, for oval cross-sections

(8) The factors also apply to changes in cross-section in oval
main bodies, e.g. for gate valves according to Figure A 4.1-3,
design a and b where the side length by from the crown of the
inlet nozzles (flattened oval shape) increases over the length |
to obtain b, (circular shape). The value b4 in section B-B at 1/2
shall govern the determination of B,, where | is obtained from

HJ_" (A 4.1-11)

with H being a design dimension as per Figure A 4.1-3.

For the length I' influenced by the inlet nozzle the following
applies:

I=1.25./d;, s, (A4.1-12)
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b} +bs
2

in which case b and b, shall be determined at section A-A on

a length I' from the inlet nozzle. s, is the wall thickness avail-

able for I'. In general, b} and I' shall be determined by itera-

tion.

where dp, = (A 4.1-13)

dHi SH
dHi SH

Design a Design b

Figure A 4.1-3: Examples for changes in cross-section of
oval bodies

(9) For short bodies (e.g. Figure A 4.1-3, design a or de-
sign b) with the length | remote from discontinuity, correspond-
ing to the design geometry, the supporting effect of the compo-
nents connected at the end of the body (e.g. flanges, heads,
covers) may be credited. Thus, the required minimum wall
thickness is obtained by using equation (A 4.1-5) to become:

Sp =sg -k (A4.1-14)
(10) The correction factor k shall be obtained, in corres-
pondence to the damping behaviour of the loadings in cylindri-
cal shells, in consideration of experimental test results from
non-circular bodies as follows:

, 2
k=0.48-3 ! - (A 4.1-15)
dm - So
with 0.6 <k <1
The function is shown in Figure A 4.1-4 in dependence of
|2
d -Sh
1.0
08 B
‘ 06 — 1|
0.4
X
02
0
1 2 3 4 5 6
[2
dm - S0

Figure A 4.1-4: Correction factor k for short bodies
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(11) dpy = (bq + by)/2 shall be taken for dy,, and sy corres-
ponds to equation (A 4.1-5). For changes in cross-section over
a length |, e.g. according to Figure A 4.1-3, design a or b, the
dimensions b1 and b2 shall be taken from Section B-B (at I/2).
Local deviations from the body shape irrespective whether
they are convex or concave, shall, as a rule, be neglected.

(12) The strength criterion is satisfied if the required wall
thickness is locally available provided that the wall thickness
transitions are smooth.

A 4.1.3.3 Valve bodies with branch

(1) The strength of the body containing a branch shall be
calculated considering the equilibrium of external and internal
forces for the highly loaded areas which are the transitions of
the cylindrical, spherical or non-circular main body to the
branch. The diameter dy and the wall thickness sy refer to the
main body, and the diameter dy and the wall thickness sp to
the branch. The following shall apply: dy; > da;.

(2) In the case of cylindrical main bodies, see Figure
A 4.1-5, the section | located in the longitudinal section
through the main axis as a rule is subject to the greatest load-
ing with the average main stress component G . In the case of
nozzle to main body ratios > 0.7, however, the bending
stresses occurring in the cross-sectional area to the main axis
(Section II) cannot be neglected anymore, i.e. this direction
has also be taken into account.

ReRRY
R

Figure A 4.1-5: Calculated sections for valve bodies with
branch

(3) A recalculation of section Il can be omitted if the wall
thickness differences within the die-out length of this section
and compared to section | do not exceed 10 %.

(4) In the case of non-circular bodies with branches and
generally in the event of additional forces acting in the direc-
tion of the main axis the greatest loading may be obtained in
the section with the average main stress component o), (sec-
tion II).

(5) In these cases, the calculation shall be effected for both
section | and II.

(6) The calculation procedure hereinafter applies to valve
bodies with vertical branch, see Figures A 4.1-6 to A 4.1-12 as
well as with oblique branch if the angle o is not less than 45°,
see Figure A 4.1-14, provided that sp does not exceed sy.

Where these conditions cannot be satisfied by certain designs,
only the smallest wall thickness sy can be used in the calcula-
tion of the effective length and effective cross-sectional area A;.

Note:

In Figures A 3.1-5 to A 3.1-14 the wall thickness shown is the
nominal wall thickness minus the allowances ¢, and c,.

(7) For the equilibrium of forces in the longitudinal section
according to Figures A 3.1-6 to A 3.1-12 the following relation-
ship applies

(A 4.1-16)

where p - A is the total external force acting upon the pres-
sure-loaded area A (dotted) whereas the internal force
G, -Ag is the force acting in the most highly loaded zone of
the wall with the cross-sectional area Ay, (cross-hatched) and
in the cross-section the average main stress o; .

P-Ap =01 Ag

(8) The strength condition to be satisfied in accordance with
Tresca’s shear stress theory is:

s 5 _p. e P g A 4.1-17
OV =01 =0 =P +75 < Sm (A4 )

ol

(9) In the case of non-circular bodies with branches the
following strength condition shall be satisfied to consider those
bending stresses exceeding the bending stresses already
covered by the calculation of the wall thicknesses according to
equations (A 4.1-5) or (A 4.1-14):
Apl Sm

- = p
=0 — =p-—+—<
Oyl =0 =0y =p A, 2712

(10) In equations (A 4.1-17) and (A 4.1-18) the stress oy
acting normal to wall is considered to be the smallest main
stress component which on the pressure-loaded side is
oy = - p and on the unpressurized side is o) = 0, that is a
mean value o) =-p/2.

Accordingly, the following applies to the equilibrium of forces
in section Il (see Figure A 4.1-6)

(A 4.1-18)

P-Api =01 - Agil (A 4.1-19)
The strength condition in this case is
_ _ Apl p
Oy|| = o) — Oy =P+ +-<8y (A 4.1-20)
ol 2
and for non-circular bodies
< A4.1-21
oV <3 ( )

(11) For cylindrical valve bodies with dai/dy; = 0.7 and simul-
taneously spg/syg < da/dy the following condition shall be
satisfied in section II:

b dhii +SHo | 5 o, dai+SA0 [ Ghi+SHo

2-s19

<1.5-S
SA0 SHo "

(A 4.1-22)
(12) For non-circular valve bodies the condition shall be:
b2 +SHo

| —=—+0.25-
P 2-819

dai+sag P2 +SHo

<15-S,

SA0 SHo

(A 4.1-23)
(13) For the cases shown in Figures A 4.1-7 to A 4.1-14 the
general strength condition applies:

Ap
c=p- A—+05 SSm

c

(A 4.1-24)

The pressure-loaded areas A, and the effective cross-section-
al areas A, are determined by calculation or a drawing to
scale (true to size).



The effective length of the considered cross-sectional areas
A, and Ag shall be determined as follows (except for spherical
bodies to Figure A 4.1-11 and branches with oblique nozzles
to Figure A 4.1-14):

eH =+/(dui +SHo) - SHo

ep =1.25-/(daj +Sa0) - Sa0

(A 4.1-25)
(A 4.1-26)

(14) For the design shown in Figure A 4.1-6, section | the
following applies:

e =4/(01 +S0) S0 (A4.1-27)
ea1=1.25-,/(daj +Sag) Sao (A 4.1-28)
ep in accordance with subclause (21).
For section Il applies:
ey =4/(b2 +S10) S0 (A4.1-29)
ep3 =1.25-/(bs +sp0) - Sa0 (A 4.1-30)

(15) At a ratio of nozzle opening to main body opening ex-
ceeding 0.8 the factor ahead of the root is omitted in equations
(A 4.1-26), (A 4.1-28) and (A 4.1-30).

(16) For branches in spherical main bodies with a ratio
dai1/dy; or dajp/dy; < 0.5 the effective length in the spherical
portion according to Figure A 4.1-11, design a, can be taken
to be:

en =/(dyi + SHo) - SHo
however, shall not exceed the value obtained by the bisecting
line between the centrelines of both nozzles.
For the effective length the following applies:

ep =4/(daj +sag) Sao

At ratios of daj¢/dy; or dajp/dy; exceeding 0.5 the effective length

shall be determined in accordance with Figure A 3.1-11, de-
sign b, where epq or eps shall be determined in accordance

with equation (A 4.1-32).

(A 4.1-31)

(A 4.1-32)

(17) Valve bodies with oblique nozzles (o. > 45°) may also be
calculated by means of equation (A 4.1-17) in which case the
pressure-loaded area (dotted) and the pressure-loaded cross-
sectional area (cross-hatched) are distributed in accordance
with Figure A 4.1-14.

Here, the effective length shall be determined as follows:
en =+/(dni +SHo) - SHo (A 4.1-33)

o
ea :(1-'—0.25.%]‘1'((1'“ +SAO)‘SAO

In the case of oblique branches the area shall be limited to the
pressure-loaded area bounded by the flow passage centre
lines. At a ratio of branch opening to main body opening ex-
ceeding 0.8 the factor ahead of the root shall be omitted in
equation (A 4.1-34).

(18) Where flanges or parts thereof are located within the cal-
culated effective length they shall be considered not to be con-
tributing to the reinforcement, as shown in Figures A 4.1-6,
A41-7,A4.1-9,A4.112.

(A 4.1-34)

(19) Where effective lengths of reinforcements of openings
extend into the tapered portion of the flange hub, only the
cylindrical portion shall be considered for the determination of
the area of the opening contributing to the reinforcement.

(20) Where within the boundary of the effective cross-sectio-
nal area A, or within the area of influence of 22.5° to the sec-
tional area boreholes (bolt holes) are provided, these cross-
sectional areas shall be deducted from Ay.
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(21) Metal extending to the inside shall be credited to the
effective cross-sectional area A; up to a maximum length of

en/2 or ep/2.

(22) In the case of a design to Figure A 4.1-13 where a gas-
ket is arranged such that the pressure-retaining area A, is
smaller than the area obtained from the die-out lengths ey or
ep, the centre of the gasket may be used to set the boundaries
for the area A, whereas the metal area A; is limited by the
calculated length ey or ep.

In the case of designs with pressure-retaining cover plates
where the split segmental ring is located within the die-out
length, ey or e, may be used for the determination of the
effective cross-sectional area A but only up to the centre of
the segmental ring in order to limit the radial forces induced by
the gasket and the bending stresses at the bottom of the
groove.

Ay
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Figure A 4.1-6: Valve bodies
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Figure A 4.1-7: Valve body
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Figure A 4.1-8: Cylindrical valve body

left side

right side

Figure A 4.1-9: Angular-type body
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Figure A 4.1-10: Valve body
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Figure A 4.1-11: Spherical bodies
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Figure A 4.1-12: Valve body
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Figure A 4.1-14: Cylindrical body with oblique branch




A 4.2 Valve body closures
A 4.2.1 Spherically dished heads with bolting flanges

The calculation of spherically dished heads with bolted flange
shall be made in accordance with Section A 2.6.

A 4.2.2 Dished heads

The calculation of dished heads shall be made in accordance
with Section A 2.5.

A 4.2.3 Flat plates
A 4.2.3.1 General

Closures designed as flat plates are often used as external or
internal covers of valve bodies. Here, primarily flat circular
plates or annular ring plates are concerned as shown in
clauses A 2.7.3.2 to A 2.7.3.7. Other plate types (e.g. rectan-
gular or elliptical to clause A 2.7.3.5) are special cases to be
referred to in the pertinent literature. In the case of valves, a
superposition of load cases may occur resulting from internal
pressure loading and additional forces. The load cases then
can be considered to originate from individual loadings, as
was done before, and be covered by a summation of mo-
ments. In this case, however, it shall be taken into account
that the maximum moments of the individual loadings will not
result in the maximum total moment in any case. In this case,
the location and size of the maximum shall be determined
considering the course of the load cases.

The strength condition is either contained in the wall thickness
formulae or is written explicitly as follows:

i Mmax

Gr,Ot :6TS15Sm (A 42-1)

The dimensioning of flat plates shall be made in accordance
with Section A 2.7.

A 4.3 Bolts for valves

Bolts for valves shall be calculated according to Section A 2.9.

A 4.4 Self-sealing cover plates

(1) Design values and units relating to Section A 4.4

Notation Design value Unit
a width of bearing mm
b width of spacer mm
bp width of raised facing mm
d, outside diameter of body mm
do inside diameter of body mm
dq inside diameter of ring groove mm
do diameter of cover plate mm
hg minimum height of bearing surface mm
hp minimum height of facing mm
hy thickness of cover plate mm
h4 thickness of lap ring R mm
S1 body wall thickness at location of ring mm
groove
Fax axial force N
Fg axial force distributed uniformly over the N
circumference

Fz additional axial force N
My bending moment Nmm
Sm design stress intensity N/mm?2
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(2) The strength calculation is intended to examine the
weakest section (section I-I or II-Il in Figure A 4.4-1). At the
same time, the most important dimensions of the cover plate
shall be calculated by elementary procedure, e.g. the ring R
inserted in the groove. In the event of dimensions deviating
from the geometric conditions shown in Figure A 4.4-1 the
formulae given hereinafter may be applied accordingly.

(3) The axial force distributed uniformly over the circumfer-
ence is calculated as follows:

Fs :p-%doz +F, (A 4.4-1)
Fz is an additional axial force acting in the same direction
(equation A 4.4-3 to A 4.4-8: force applied over cover; equa-
tion A 4.4-9 and A 4.4-10: additional loadings applied over the
body, e.g. axial force, bending moment). In the case of a
bending moment and an axial force, Fz is determined as fol-
lows:

4-Mg

Fr =Fp +——
z ax d1+S1

(A 4.4-2)

(4) The minimum width of the pressure-retaining areas on
the bearing surface and on the spacer are obtained consider-
ing frictional conditions and sealing requirements:

ab>— B (A 4.4-3)
15-1-dy-Sp,
[ i ]
|
|
‘ <
|
]
[
|
|
1 <
= x
I
)

N
Do, da
_al dp
51 d

Figure A 4.4-1: Self-sealing cover plates

(5) The minimum thickness of the lap ring R is obtained from
the calculation against shear and bending, and the maximum
value obtained shall be inserted.

Regarding shear the following applies:
2-Fg

hyz—="B__
ﬂ?-do'sm

(A 4.4-4)
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Regarding bending the following applies:
Fg-(@+bp)/2

hy>1.38-
do -Sm

(A 4.4-5)

(6) The minimum height of the bearing surface (section II-Il)
is obtained from the design against shear:

ho > _2-Fs (A 4.4-6)
n-dq-Sp
and against bending
hg >1.13. |82 ith a=21-%0 (A 4.4-7)
1°°m

(7) For the minimum thickness of the raised face the follow-
ing applies:

hp >1.13- (A 4.4-8)

(8) The minimum thickness hy of the cover plate can be
determined by assuming an idealized, simply supported circu-
lar plate or annular ring plate (case 1, case 7 or case 8 from
Table 5 of DIN EN 12516-2).

(9) Strength condition for section I-I
s T
FB '(a+71j SZ' h02 (da —do) +(da —31) '(312 —322)]'Sm

(A 4.4-9)

and

F
So = B

T (da-sy) Sy

(A 4.4-10)

A 4.5 Valve flanges

Valve flanges shall be calculated according to Section A 2.10.

A5 Piping systems
A 5.1 General

(1) The design rules hereinafter apply to the dimensioning of
individual piping components subject to internal pressure
loading where the internal pressure is derived from the design
pressure. Additional loadings, e.g. external forces and mo-
ments, shall be considered separately in which case the rules
contained in Section 8.5 may apply to the piping components.

(2) The rules for dimensioning are comprised, in depend-
ence of the test group, in Section 5.2 for test group A1 as well
as in Section A 5.3 for test groups A2 and A3. The general
design values and units are given in (5). Further design values
and units are contained in the individual Sections or clauses.

(3) Where within dimensioning a recalculation is made of
components with actual nominal wall thickness s,, the wall
thickness sg, = s, - ¢ - Co shall be used in the calculation in
this Annex A5.

(4) The figures in this Annex do not show allowances.

(5) Design values and units

Notation Design value Unit
b width mm
c wall thickness allowance mm
d diameter mm
h height mm

Notation Design value Unit

| length mm
design pressure MPa

’ test pressure MPa

rnR radii mm

s wall thickness mm

Sg calculated wall thickness according to mm
Figure 7.1-1

Son nominal wall thickness minus allowances | mm
¢4 and ¢, according to Figure 7.1-1

Sp nominal wall thickness according to Fig- mm
ure 7.1-1

v efficiency —

A area mm?2

E modulus of elasticity N/mm?2

F force N

| second moment of area mm*

M moment N/mm

S safety factor —

¢ angle Grad

q flattening mm

w section modulus mm?3

U ovality %

T temperature °C

v Poisson's ratio = 0.3 for steel —

G stress N/mm?2

ol longitudinal stress N/mm?2

o radial stress N/mm?

Gy circumferential stress N/mm?

oy stress intensity N/mm?

Sm design stress intensity N/mm?

T shear stress N/mm?2

Signs Meaning

Indicator athead ~  maximum value e.g. p

Indicator at head ~ minimum value e.g. p

Indicator athead © meanvaluee.g.

Indicator at head ~ fluctuating, e.g. &
Indicator at head ©  belonging to pressure test, e.g. p°
Subscript numerical index, e.g. nj

A 5.2 Test group A1
A 5.2.1 Cylindrical shells under internal pressure

The calculation shall be made in acc. with clause A 2.2.2.

A 5.2.2 Bends and curved pipes under internal pressure
A5.2.21 Scope

The calculation hereinafter applies to bends and curved pipes
subject to internal pressure where the ratio da/di < 1.7. Diameter
ratios da/di < 2 are permitted if the wall thickness sgp, < 80 mm.



A 5.2.2.2 Allowable wrinkling

Wrinkles the dimensions of which meet the requirements here-
inafter, need not be recalculated:

a) Depth of wrinkling

hy, =Je2 %4 4 <003.d, (A 5-1)
b) Ratio of distance a to depth h,, of wrinkle
2 512 (A 5-2)
Pm
A 5.2.2.3 Design values and units
Notation Design value Unit

dm mean diameter (see Figure A 5-1) mm

d; inside diameter mm

dj outside diameter mm

r,R radii mm

s wall thickness mm

Sg; calculated wall thickness at intrados mm

S0a calculated wall thickness at extrados mm

B; factor for determining the wall thickness —
at the intrados

B, factor for determining the wall thickness —
at the extrados

G mean stress at intrados N/mm?Z2

G, mean stress at extrados N/mm?Z2

hm depth of wrinkle mm

a distance between any two adjacent mm
wrinkles

Figure A 5-1: Wrinkles on pipe bend

Note:
The wrinkles in Figure A 5-1 are shown excessively for clarity’s
sake.
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Figure A 5-2: Notations used for pipe bend

A 5.2.2.4 Calculation

(1) For the calculation of the wall thickness of bends or curved
pipes under internal pressure the requirements of clause
A 2.2.2 apply in which case it shall be taken into account that
the loading at the intrados is greater by the factor B; and at the
extrados is smaller by B, than at straight cylindrical shells.

(2) The calculated wall thickness at the intrados is obtained
from:

Spi = So - Bi (A 5-3)

(3) The calculated wall thickness at the extrados is obtained
from:

Spa = So Ba (A 5-4)

(4) Determination of the factor B;
For bends and curved pipes with given inside diameters the
following applies:

2
B G (L_ d j L, G
: So 2'30 So 2'30 So 2'30
(A 5-5)

The factor B; may also be taken from Figure A 5-3 in depen-
dence of r/d; and sg/d;.

For bends and curved pipes with given outside diameter the

following applies:
2 2
| _[ da
[ So ] [ 289 J

1].
] [r]z_da.[da_1]
So 2-89 | 2-s5g
(A 5-6)
The factor B; may also be taken from Figure A 5-4 in depen-
dence of R/d, and sp/d,.
®)

For bends and curved pipes with given inside diameter the
following applies:

2
Ba: L_ di +2.L+ di _i_L
Sp 2'30 Sp 2'30 2'30 Sp
The factor B, may also be taken from Figure A 5-5 in depen-
dence of r/d; and sg/d;.

Bi _d_3+L_(d_3+L_

2.5 sg (2:89 89

Determination of the factor B,
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For bends and curved pipes with given outside diameters the

following applies:
2 2
S 2-s
Ba_zf’_a_L_(;_a_L_1]. So 0
S0 S0 (250 %o r) o da [da
Sp 2.59 | 259
(A 5-8)

The factor B, can be taken from Figure A 5-6 in dependence
of R/d, and sg/d,.

(6) Calculation of stresses
In the equations (A 5-9) to (A 5-12) either the nominal diame-
ters dy, and d;, in in connection with the wall thicknesses sg4
and sq,;, respectively or actual diameters in connection with
actual wall thicknesses minus allowances c4 and c, shall be
used.
The strength condition for the intrados at given inside diameter
shall be:

5 = pdl ) 2~r—0.5~di

' 2.8y 2-r—d sy

+% <8, (A 5-9)

The strength condition for the intrados at given outside dia-
meter shall be:

S = p‘(da —Soi _SOa).
= —a_—Ul_"0a’
2'SOi
2:-R-0.5-d;+1.5-535;—-0.5-5¢,
2'R—da + S

The strength condition for the extrados at given inside diame-
ter shall be:

- _ pdl ) 2‘r+0.5‘di

& 2.59, 2-r+d —sq,

(A 5-10)

+%§Sm

+%ssm (A5-11)

The strength condition for the extrados at given outside dia-
meter shall be:
5, - P-(da —Spi —Soa)
2-sqj
2-R+0.5-dy+1.5-55;—1.5-50,
2-R+d, —sq,

(A 5-12)

+%§Sm

A 5.2.3 Reducers

Reducers shall be calculated in accordance with the require-
ments of clause A 2.4.2.

A 5.2.4 Butt welding tees
A 5.2.4.1 Butt welding tees forged from solid
A 5.24.1.1 Scope

(1) These calculation rules apply to butt welding tees forged
from the solid as well as bored and turned butt welding tees
with nominal diameter not exceeding DN 100. They only con-
sider loadings resulting from internal pressure. Additional
forces and moments shall be considered separately.

“n

(2) The dimensions “a” and “b” shall not be less than the
values given in DIN EN 10253-2 and DIN EN 10253-4 for ,F*
and ,G"

(3) The external transition radius r2 shall be at least 0.1 - daa.

(4) A wall thickness ratio sa/sH not exceeding 2 is permitted
for dai not exceeding 50 mm. This also applies to nozzles with
dai greater than 50 mm, provided that the diameter radio
dai/dHi does not exceed 0.2. For branches with a diameter

radio dai/dHi greater than 0.2 the ratio sa/sH shall basically not
exceed 1.3. Higher values are permitted if

a) the additional nozzle wall thickness exceeding the afore-
mentioned wall thickness ratio is not credited for rein-
forcement of the nozzle opening but is selected for design
reasons

or

b) the nozzle is fabricated with reinforcement area reduced in
length (e.g. nozzles which are conical to improve test con-
ditions for the connecting pipe) in which case the lacking
metal area for reinforcement due to the reduced influence
length may be compensated by adding metal to the re-
duced influence length

or

c) the ratio of nozzle diameter to run pipe diameter does not
exceed 1:10.

A 5.24.1.2 General

The weakening of the run pipe may be compensated by an
increase of the wall thickness in the highly loaded zone at the
opening (see Figure A 5-7) which can be obtained by forging
or machining.

A 5.2.4.1.3 Design values and units

See clause A 5.2.5.3 and Figure A 5-7 with respect to the
design values and units. In addition, the following applies:

Notation Design value Unit

dya | nominal outside diameter of run pipe at mm
outlet

dps | nominal outside diameter for branch mm
connection

S4 nominal wall thickness of run pipe at mm
outlet

So nominal wall thickness for branch con- mm
nection

sk equivalept wall thickness for branch mm
connection

s equivalent wall thickness for run pipe at mm
outlet

p* allowable internal pressure in tee N/mm?2

A 5.2.4.1.4 Calculation

(1) For the calculation of the effective lengths of the run and
the branch clause A 5.2.5.4.2 shall apply.

(2) The required area of reinforcement shall be determined
according to clause A 5.2.5.4.1.

A 5.2.4.1.5 Equivalent wall thicknesses for connection at
branch and run pipe outlet

The wall thicknesses sj; and sj required by Section 8.4 for
stress analysis are those wall thicknesses obtained for pipes
with the outside diameters dy, and da, if they are dimen-
sioned with the allowable internal pressure p* for tees. Then,
the following applies:

P" - dHa

(A 5-13)
2-Sp+p

sy =

Sh =St - daa/dug (A 5-14)

For simplification p* = p can be taken.
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Figure A 5-3: Factor B for the intrados at given inside diameter
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Figure A 5-4: Factor B for the intrados at given outside diameter
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Figure A 5-5: Factor B, for the extrados at given inside diameter
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Figure A 5-6: Factor B, for the extrados at given outside diameter
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Figure A 5-7: Branch forged from solid, bored or turned

A 5.2.4.2 Die-formed butt welding tees
A 5.2.4.2.1 Scope

(1) These calculation rules apply to seamless tees fabricated
by die-forming from seamless, rolled or forged pipes (see
Figure A 5-8).

@k

(2) The dimensions “a“ and “b” shall not exceed the values
given in DIN EN 10253-2 and DIN EN 10253-4 for “F” and “G”.
For tees with nominal diameters exceeding DN 300 the follow-

“n

ing equations apply for the dimensions “a” and “b”:
a>0.75dy,

and
b>0.5dys +0.25da,

(A 5-15)

(A 5-16)
(3) The external transition radius r, shall be at least 0.1 - da,.

(4) At no location shall the wall thickness of the tee be more
than twice and not less than 0.875 times the connecting wall
thickness s4. Only at the branch outlet the wall thickness may
be reduced to 0.875 - s, on a maximum length of 2 - s,.

Figure A 5-8: Die-formed butt-welding tee

A 5.2.4.2.2 Design values and units

See clause A 5.2.5.3 and Figure A 5-8 regarding the design
values and units. In addition, the following applies:
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Notation Design value Unit
Ap pressure loaded area according to Fig- mm?2
ure A 5-9
Ag effective cross-sectional areas acc. to mm?2
Figure A 5-9 upon deduction of wall
thickness
dya nominal outside diameter of run pipe at mm
outlet
dag nominal outside diameter of branch con- mm
nection
st equivalent wall thickness of run pipe at mm
H loutlet
st equivalent wall thickness for branch mm
A~ | connection
Sq nominal wall thickness for run pipe at mm
outlet
So nominal wall thickness for branch con- mm
nection
o angle to correspond to Figure A 5-9 degree
A 5.2.4.2.3 Calculation
(1) With ey as maximum value of
ey = dAi (A 5-17)
ey =0.5-dpj+sy+sa (A 5-18)
ey=05-dp+sp+try-(1-sina) (A 5-19)

however, not to exceed ey = a, and with e, as the greater
value of

epa=05- (JO.S-dAm-sA +r2) (A 5-20)

ep =T COS Q, (A 5-21)
however not to exceed

epa=b-(rp+sy)-cosa-0.5-dy (A 4-22)
the following condition shall be satisfied

Aj/cosa+A, +A3 +A
Gy Sp-( Pt p2 7 77p3 " "Tpd +o,5]ssm (A 5-23)
As

(2) With ey as maximum value of

e|’_| =05- (dAi + 1'05 . de . SH) (A 5-24)

2
e,’_|:0.5-dAi+§-(sH+sA) (A 5-25)
ey =0.5-dpj+satry-(1-sina), (A 5-26)

however, not to exceed ey = a, and with e, as computed

above the following condition shall be satisfied additionally

A;ﬂ /003a+§-Ap2 +Ap3 +Ap4

oy <p- +0.5 <S8,

Ao
(A 5-27)
The areas A, and A are shown in Figure A 5-9.

A 5.2.4.2.4 Equivalent wall thickness for connection of run
pipe and branch outlet

(1) The connecting wall thicknesses s{; and sj required by
Section 8.5 for stress analysis then lead to a value S being the
greater value obtained from oy and o\, (see clause A 5.2.4.2.3)
to become

(A 5-28)
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P-daa
2-S+p

(2) As S < S, must be satisfied, s;; and si can also be
determined with S, instead of S.

Sh = =s{}-dpg /dya (A 5-29)
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Figure A 5-9: Reinforcement area dimensions for butt
welding tees

A 5.2.5 Reinforcement of openings in pipe run
A 5.2.5.1 Scope

(1) The scope of the calculation rules hereinafter is given in
clause A2.2.21.

(2) The rules consider the loadings resulting from internal
pressure. Additional forces and moments shall be considered
separately.

A 5.2.5.2 General

(1) Openings shall normally be circular or elliptical. Further
requirements are to be met when using the stress intensity
values according to Section 8.5.

(2) The angle B (see Figure A 2.8-8) between nozzle axis
and run pipe axis shall normally not be less than 60°, but shall
normally not exceed 120°.

(3) Openings in a run pipe may be reinforced as follows:

a) by selecting a greater wall thickness for the run pipe than
is required for an unpierced run. This wall thickness shall
be provided at least up to a length ey measured from the
axis of the opening,

b) by branches which, on a length e, measured from the
surface of the run, have a greater wall thicknesses than is
required for internal pressure loading. The material re-
quired for reinforcement shall be distributed uniformly over
the periphery of the branch,

c) by a combination of the measures shown in a) and b)
above.

Regarding a favourable shape not leading to increased loa-

dings/stresses subclause c) shall preferably be used.

(4) In the case of several adjacent openings the conditions
for the area of reinforcement shall be satisfied for be planes

through the centre of the opening and normal to the surface of
the run pipe.

(5) When an opening is to be reinforced the following diame-
ter and wall thickness ratios shall be adhered to:

A wall thickness ratio sp/sy not exceeding 2 is permitted for

dpj not exceeding 50 mm. This also applies to branches with

dp; greater than 50 mm, provided that the diameter radio

dai/dy; does not exceed 0.2. For branches with a diameter

radio dpj/dy; greater than 0.2 the ratio sa/sy shall basically not

exceed 1.3. Higher values are permitted if

a) the additional branch wall thickness exceeding the afore-
mentioned wall thickness ratio is not credited for rein-
forcement of the nozzle opening, but is selected for design
reasons or

b) the branch is fabricated with reinforcement area reduced in
length (e.g. branches which are conical to improve NDT
conditions for the connecting pipe) where the lacking metal
area for reinforcement due to the reduced influence length
may be compensated by adding metal to the reduced in-
fluence length or

c) the ratio of branch diameter to run pipe diameter does not
exceed 1:10.

(6) Openings need not be provided with reinforcement and
no verification need be made for openings to A 5.2.5.4 if

a) a single opening has a diameter not exceeding
0.2-,/0.5-dy, -sy , or, if there are two or more openings
within any circle of diameter 2.5-,/0.5-dy, -sy , but the
sum of the diameters of such unreinforced openings shall
not exceed 0.25-,/0.5-dy, -sy and

b) no two unreinforced openings shall have their centres
closer to each other, measured on the inside wall of the
run pipe, than the sum of their diameters, and

¢) no unreinforced opening shall have its edge closer than
2.5.,/05-dyy sy to the centre of any other locally
stressed area (structural discontinuity).
Note:
See clause 7.7.2.2 for definition of locally stressed area.

(7) Where run pipe and branch are made of materials with
differing design stress intensities, the stress intensity of the
run pipe material, if less than that of the branch, shall govern
the calculation of the entire design

Where the branch material has a lower design stress intensity,
the reinforcement zones to be located in areas provided by
such material shall be multiplied by the ratio of the design
stress intensity values of the reinforcement material and the
run pipe material.

Where the materials of the run pipe and the branch differ in
their specific coefficients of thermal expansion, this difference
shall not exceed 15 % of the coefficient of thermal expansion
of the run pipe metal.

A 5.2.5.3 Design values and units
(See also Figures A 2.8-2to A 2.8-11 and A 5-10 to A 5-13)

Notation Design value Unit

daj inside diameter of opening plus twice mm
the corrosion allowance ¢,

dam | mean diameter of branch mm
dyi inside diameter of run pipe mm
dym | mean diameter of run pipe mm
dn nominal diameter of tapered branch mm
ry inside radius of branch pipe
) minimum radius acc. to clause 5.2.6 mm




Notation Design value Unit
SA nominal wall thickness of branch in- mm
cluding reinforcement, but minus al-
lowances ¢4 and ¢,

Sa0 calculated wall thickness of branch mm
SH nominal wall thickness of run pipe mm
including the reinforcement, but minus

allowances ¢4 and c,
SHo calculated wall thickness of run pipe mm
SR nominal wall thickness of branch pipe mm
minus allowances c; and c,
SRO calculated wall thickness of branch mm
pipe
slope offset distance mm
o angle between vertical and slope (see | degree
also Figures A 5-10, A 5-11 and A 5-13)

The following notations can be taken from Figures A 2.8-8

and A 2.8-9:
Notation Design value Unit
A4, Ay, Az| metal areas available for reinforcement| mm?2
ea limit of reinforcement measured nor- mm
mal to the run pipe wall
eH half-width of the reinforcement mm
zone measured along the midsurface
of the run pipe
el half-width of the zone in which two mm
thirds of compensation must be placed
B angle between axes of branch and run | degree
pipe

A 5.2.5.4 Calculation
A 5.2.5.4.1 Required reinforcement

(1) The total cross-sectional area A of the reinforcement
required in any given plane for a pipe under internal pressure
shall satisfy the following condition:

A >dpi - SHo - (2 - sinB) (A 5-30)

(2) The required reinforcing material shall be uniformly dis-
tributed around the periphery of the branch.

A 5.2.5.4.2 Effective lengths

(1) Credit may be taken for radii or tapers at nozzle-to-basic
shell transitions according to clause 5.2.6 in equation (A 5-35)
determining the effective length.

(2) The effective length of the basic shell shall be deter-

mined as follows:
ey = dp; (A 5-31)
or
ey =0.5-dp +sy+sa (A 5-32)

The calculation shall be based on the greater of the two val-
ues. In addition two thirds of the area of reinforcement shall be
within the length 2 - e (Figure A 2.8-8 and A 2.8-9), where

ey is the greater value of either
ey =0.5-[da + (0.5 - dpm - sH)12]
and

(A 5-33)

el =0.5-dp+—A 1y (A 5-34)
sinp

KTA 3211.2 Page 155

(2) The effective length of a cylindrical branch shall be de-
termined as follows:

ea=0.5-[(0.5- dam - Sa)1/2 + o] (A 5-35)
where
dam =daji + sp (A 5-36)

See also Figures A 5-10, A 5-11, A 5-12.

(3) The effective length of a tapered branch shall be deter-
mined as follows:

ea=05-(0.5-d,-sp)"2 (A 5-37)
where
dp =daj + SR+ Y- cosa (A 5-38)

See also Figure A 5-13.

For branches with tapered inside diameter d,, shall be deter-
mined by trial and error procedure.

A 5.2.5.4.3 Loading scheme for metal areas available for
reinforcement

The metal areas A4, Ay, Az available for reinforcement used to
satisfy equation (A 5-30) are shown in Figures A 2.8-8 and
A 2.8-9, and shall satisfy the condition A; + A, + Az equal to
or greater than A.

daa
dai _ Sa
IR, ,
‘ Branch pipe
mﬁ  Offset
drRm N |sR/2
)

|
|
|
NS
|
|

Branch pipe
 Offset
SR/2

Figure A 5-11: Branch
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Figure A 5-13: Branch

A 5.2.6 Pipe flanges

Pipe flanges of test group A1 shall be dimensioned in accord-
ance with Section A 2.10.

A 5.3 Test groups A2 and A3
A 5.3.1 Cylindrical shells under internal pressure

The calculation shall be made in accordance with the rules of
clause A 5.2.1 in which case the design stress intensity value
S acc. to Section 6.7 shall be taken in lieu of S, in the equa-
tions.

A 5.3.2 Bends and curved pipes under internal pressure

The calculation shall be made in accordance with the rules of
clause A 5.2.2, in which case the design stress intensity value
S acc. to Section 6.7 shall be taken in lieu of S, in the equa-
tions.

A 5.3.3 Reducers

The calculation shall be made in accordance with the rules of
Section A 2.4, in which case the design stress intensity value
S acc. to Section 6.7 shall be taken in lieu of Sy, in the equa-
tions.

A 5.3.4 Forged fittings

The requirements of clause A 5.2.4 also apply to test groups
A2 and A3.

A 5.3.5 Reinforcement of openings in pipe run
A 5.3.5.1 Scope

(1) The calculation method hereinafter applies to cylindrical
shells under internal pressure where the ratio d,/d; does not
exceed 1.7. Diameter ratios d,/d; not exceeding 2 are permit-
ted if the wall thickness sy does not exceed 80 mm.

(2) The calculation rules consider the loadings resulting from
internal pressure. Additional forces and moments shall be
considered separately.

A 5352 General

(1) Openings shall be circular or elliptical. For elliptical open-
ings it is assumed that the ratio of the greater to the smaller
axis does not exceed 1.5.

That diameter shall be used which lies in the direction of the
shell generator. Further requirements are to be met when
using the stress intensity values according to clause 8.5.2.8.

(2) The angle B (see Figure A 2.8-8) between nozzle axis
and run pipe axis shall normally not be less than 60°, but shall
normally not exceed 120°.

(3) Openings in a run pipe may be reinforced as follows:

a) by selecting a greater wall thickness for the run pipe than
is required for an unpierced run. This wall thickness shall
be provided at least up to a length ey measured from the
axis of the opening,

b) by branches which, on a length e, measured from the
surface of the run, have a greater wall thicknesses than is
required for internal pressure loading. The material re-
quired for reinforcement shall be distributed uniformly over
the periphery of the branch,

c) by a combination of the measures shown in a) and b)
above.

Regarding a favourable shape not leading to increased loa-
dings/stresses subclause c) shall preferably be used.

(4) In the case of several adjacent openings the conditions
for the area of reinforcement shall be satisfied for be planes
through the centre of the opening and normal to the surface of
the run pipe.

(5) When an opening is to be reinforced the following diame-
ter and wall thickness ratios shall be adhered to:

A wall thickness ratio sp/sy not exceeding 2 is permitted for
da; not exceeding 50 mm. This also applies to branches with
daj greater than 50 mm, provided that the diameter radio
dai/dy; does not exceed 0.2. For branches with a diameter
radio dp/dy; greater than 0.2 the ratio sa/sy shall basically not
exceed 1.0. Higher values are permitted if

a) the additional branch wall thickness exceeding the afore-
mentioned wall thickness ratio is not credited for rein-
forcement of the nozzle opening, but is selected for design
reasons or

b) the branch is fabricated with reinforcement area reduced in
length (e.g. branches which are conical to improve NDT
conditions for the connecting pipe) where the lacking metal
area for reinforcement due to the reduced influence length
may be compensated by adding metal to the reduced in-
fluence length or

c) the ratio of branch diameter to run pipe diameter does not
exceed 1:10.



(6) Openings need not be provided with reinforcement and

no verification need be made for openings to A 5.3.5.4 if

a) a single opening has a diameter not exceeding
0.2-,/0.5-dyy, -sy , or, if there are two or more openings
within any circle of diameter 2.5-,/0.5-dy, -Sy , but the
sum of the diameters of such unreinforced openings shall
not exceed 0.25-,/0.5-dy, -sy and

b) no two unreinforced openings shall have their centres
closer to each other, measured on the inside wall of the
run pipe, than the sum of their diameters, and

¢) no unreinforced opening shall have its edge closer than
25.,/0.5-dyy sy to the centre of any other locally
stressed area (structural discontinuity).

(7) Where run pipe and branch are made of materials with
differing design stress intensities, the stress intensity of the
run pipe material, if less than that of the branch, shall govern
the calculation of the entire design. Where the branch material
has a lower design stress intensity, the reinforcement zones to
be located in areas provided by such material shall be multi-
plied by the ratio of the design stress intensity values of the
reinforcement material and the run pipe material.

Where the materials of the run pipe and the branch differ in
their specific coefficients of thermal expansion, this difference
shall not exceed 15 % of the coefficient of thermal expansion
of the run pipe metal.

A 5.3.5.3 Design values and units
(See also Figures A 2.8-8 and A 5-10 to A 5-13)

Notation Design value Unit

daj inside diameter of opening plus twice mm
the corrosion allowance ¢,

dam [mean diameter of branch mm

dyi inside diameter of run pipe mm

dym | mean diameter of run pipe mm

dn nominal diameter of tapered branch mm

rq inside radius of branch pipe mm

ry minimum radius acc. to clause 5.2.6

Sa nominal wall thickness of branch in- mm
cluding reinforcement, but minus al-
lowances ¢4 and c,

SH nominal wall thickness of run pipe mm
including the reinforcement, but minus
allowances c4 and ¢,

SR nominal wall thickness of branch pipe mm
minus allowances cq and c,
slope offset distance mm

o angle between vertical and slope (see | degree
also Figures A 4-10, A 4-11 and A 4-13)
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The following notations can be taken from Figures A 2.8-8
and A 2.8-9:

Notation Design value Unit
A4, Ay, As| metal areas available for reinforce- mm?2
ment
ea limit of reinforcement measured nor- mm
mal to the run pipe wall
eq half-width of the reinforcement mm
zone measured along the midsurface
of the run pipe
el half-width of the zone in which two mm
thirds of compensation must be placed
B angle between axes of branch and run | degree
pipe

A 5.3.5.4 Calculation
A 5.3.5.4.1 General

A direct calculation of the run pipe wall thickness is not possi-
ble for the general case of an oblique branch without or with
additional reinforcement due to the various influence factors.
At first, the wall thickness sy shall be a value assumed on the
basis of experience gained, and then the correctness of the
assumed value shall be checked.

A 5.3.5.4.2 Strength calculation

With the pressure-loaded area A, (hatched) and the effective
cross-sectional areas A (cross-hatched) the strength condi-
tion for zone (Figure A 5-14) shall be

o< -(Lﬁ%s (A 5-39)
“Plag 1Ay T2)50m
and for zone Il (Figure A 5-14)
_ Ap|| 1
c<p|—2—4+—|<S, (A 5-40)
Asi+Aq 2

The effective lengths shall only be inserted for the run pipe
with @ maximum

ey = (dHi +SH)'SH (A 5-41)
and for the nozzle with
eA_(1+o.25-\;—6\J- (dai+sa)-Sa (A 5-42)

Where one nozzle portion projects inside the shell, only the
portion Ip> < 0.5 e e, shall be considered to be contributing to
the reinforcement and be used in the calculation. Where the
material of the branch has a lower stress intensity as the run
pipe with S, the dimensioning can be made on the basis of the
strength condition for zone |

p ’ p ’
2o G

and for zone Il accordingly.

(A 5-43)
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Figure A 5-14: Loading scheme for a cylindrical shell with
oblique branch

A 5.3.5.4.3 Branches with dp/dy; > 0.7

For branches with dp/dy; > 0.7 and sa/sy < dai/dy; the follow-
ing condition shall be satisfied in the section normal to the run
pipe axis at the transition of run pipe to branch:

P [ duitSu o daitsa |GHitSH | g (A5.44
1.5 | 2-sy SA SH

A 5.3.5.4.4 Cylindrical shells with several openings and
branches

Adjacent openings of branches shall be treated like single
openings or branches if the centre-to-centre distance t, ac-
cording to Figures A 5-15 and A 5-16 comply with the follow-
ing relationship:

t, < (—dA” +s
2

da:
¢S A1J+[%+SA2J+2' (dii + 51 )-sn

(A 5-45)

If this is not the case, the strength consideration for the sec-
tion passing through the adjacent openings or branches under
the respective angle to the shell generator acc. to Figures
A 5-15 and A 5-16 shall be made in which case the following
strength condition applies:

Ao (140087 op ) +2: Agy +2: A

+B£S
2

- _P.
% =7 Ao +AcitAL,

(A 5-46)
The calculation of oblique or circumferential pitches is made
like for a longitudinal pitch in which case in the strength condi-
tion of equation (A 5-46) the pressure area 2 - Ay has to be
corrected by the following factor:
1+ cos? (0N
2

If the stress intensity of the branches is lower than that of the
run pipe, the following applies:

p ’ p " p
(5-8) oo +[s-5) A +[s-5) e

(A 5-47)
=D Ang (140082 0p) +2: Agy +2:A
“ o0 P p1 p2
Compare with Figure A 5-15 and Figure A 5-16.
dpat daa2
dan . [Sa1 sw |  dap
‘ 7AG1
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(] A A 1 g
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Figure A 5-15: Adjacent openings with differing branch di-
ameters (shown for gpp = 0)
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Figure A 5-16: Adjacent openings with differing branch
diameters (shown as developed length)

In the case of unequal pitches ty1 and ty2 to Figure A 5-17 the
highest ligament stress shall govern the dimensioning of the
run pipe. The run pipe wall thickness shall be provided on both
sides of the opening up to a length ey to equation (A 5-41),
measured from the edge of the openings.
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Figure A 5-17: Adjacent openings with different centre-to-
centre distances (shown as developed length)

A 5.3.5.4.5 Cylindrical shells with non-radial branch

(1) For cylindrical shells Figure A 5-18, sketches a and b,
where the branch is non-radial, but is fitted with an angle Wx4
to the tangent at the run pipe, the higher stress may occur in
the cross-section, Figure A 5-18, sketch a, or in the longitudi-
nal section, Figure A 5-18, sketch b. In both cases the
strength condition acc. to equations (A 5-39) and (A 5-40)
shall apply, in which case the areas A, and A, respectively,
as shown in the figures, shall be inserted.

(2) The effective lengths shall only be inserted for the run
pipe in accordance with equation (A 5-42) and for the branch
in accordance with equation (A 5-43) where W5 = W4 shall be
taken.

(3) The branch wall thickness sp shall not exceed the run pipe
wall thickness sy. The weld connecting run pipe and branch
shall be a full strength weld as indicated in Figure A 5-18.

A 5.3.6 Pipe flanges of test group A2/A3

The dimensioning of pipe flanges of test group A2/A3 shall be
made in accordance with Section A 2.10.
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Figure A 5-18: Loading scheme for a cylindrical shell with
non-radial branch
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Annex B

Requirements as to the primary stress analysis in case of numerical reassessments

B1 General

(1) This Annex qualitatively and methodically describes an
alternate verification procedure as to the numerical reassess-
ment of primary stresses under the prerequisites of Section B2
hereafter if the design requirements based on design loading
level (level 0) are not met. This Annex is not applicable to
primary stress analyses of new systems and components.

Note:

For the purpose of a transparent verification procedure the tech-
nical reasons for the necessity of applying this Annex (e.g. change
of safety standard, new knowledge on effects) are indicated in the
supporting documentation.

(2) The determination of the general primary membrane
stresses shall basically be made to Section 6 in case of nu-
merical reassessments.

(3) On the basis of the actual knowledge on possibly occur-
ring load cases the values for pressure, temperature and addi-
tional loads used in reassessment are determined more exact-
ly. The applicability of these values shall be justified.

Note:

Depending on the knowledge on possibly occurring load cases

several data sets for the pressure, temperature and additional
loads values may be determined for the reassessment.

(4) In case of a reassessment of primary stresses by analy-
sis the verification procedure to Section B 3 may be used.

(5) If the verification procedure to Section B 3 is applied, the
reassessment and the loads used shall be documented in the
plant documentation in due consideration of the requirements
of KTA safety standard 1404 so that at a later date no loads
exceeding the verified values can be considered to be ac-
ceptable.

B 2 Prerequisites

(1) The component to be reassessed satisfies the principles
of Basis Safety.

(2) The safety valves and other safety equipment are ad-
justed such that the pressure during specified normal opera-

tion exceeds the reassessed pressure only for a short period
of time and the loading levels of level B are adhered to.

(3) If allowances are omitted with regard to the design ac-
cording to design approval documents 1 (e.g. if the maximum
pressure of a specified load case is covered by the design
pressure) this is justified for safety reasons.

(4) When actual dimension are used the measurement and
evaluation methods shall be indicated within the reassessment
procedure.

B 3 Reassessment procedure

(1) The load case data consist of the values fixed according
to B 1(3) for reassessment pressure, temperature and addi-
tional loads to be considered.

(2) The reassessment pressure for a component or part
shall be at least the greatest pressure difference between the
pressure loaded areas according to loading level A.

(3) The reassessment temperature is intended to determine
the strength values. It shall be at least equal to the wall tem-
perature to be expected at the point considered for the gov-
erning mechanical load case as per (2) and (4).

(4) In case of superposition with the reassessment pressure,
the additional reassessment loads shall be at least so high
that they cover the simultaneously acting unfavourable prima-
ry loadings of level A.

(5) The primary stress analysis shall be made

a) on the basis of the effects as per (2) and (4) in corre-
spondence with Section 6 in compliance with level 0 load-
ing limits and

b) for loading levels B, C, D and P by adherence to the load-
ing limits of the respective level

as per Table 7.7-4, in which case the actual geometric dimen-
sions of the parts (e.g. wall thickness) may be used.

(6) The analysis of the mechanical behaviour may either be
verified by a general analysis as per Section 7 or by a compo-
nent-specific analysis as per Section 8.
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Annex C

Regulations and Literature referred to in this Safety Standard

(The references exclusively refer to the version given in this annex. Quotations of regulations referred to therein refer to
the version available when the individual reference below was established or issued.)

Atomic Energy Act (AtG)

StriSchVv

Safety Criteria

SiAnf

Incident Guidelines

RSK-LL

KTA 1404
KTA 2201.4
KTA 3201.2

KTA 3205.1

KTA 32111

KTA 3211.3

KTA 3211.4

DIN 267-13

DIN EN ISO 898-1

DIN EN ISO 898-2

DIN EN 1092-1

DIN EN ISO 2081

DIN 2510-1

DIN 2510-2

DIN 2510-3
DIN 2510-4
DIN 2510-7
DIN EN ISO 3506-1

(1977-10)

(1983-10)

(1981-10)

(2013-11)
(2012-11)
(2013-11)

(2002-06)

(2000-06)
(2012-11)
(2012-11)
(2007-05)

(2013-05)
(2012-08)

(2013-04)
(2009-05)
(1974-09)
(1971-08)

1971-08
1971-08
1971-08

(
(
(
(2010-04

)
)
)
)

Act on the Peaceful Utilization of Atomic Energy and the Protection against its Hazards (Atom-
ic Energy Act) of December 23, 1959 (BGblI. |, p. 814) as Amended and Promulgated on July
15, 1985 (BGBI. I, p. 1565), last Amendment by article 2 of the Law dated 23" July 2013
(BGbl. I, 2013, no. 41, p. 2553)

Ordinance on the Protection against Damage and Injuries Caused by lonizing Radiation (Ra-
diation Protection Ordinance) dated 20th July 2001 (BGBI. | 2001, No. 38, p. 1714), at last
amended by article 5 para. 7 of the Law dated 24! February 2012 (BGbl. |, p. 212)

Nuclear Power Plant Safety Criteria Promulgation as of 21 October 1977 (BAnz. no. 206, 3™
November 1977)

Safety Requirements for Nuclear Power Plants of November 22, 2012 (BAnz AT of January
24t 2013)

Guidelines for the Assessment of the Design of PWR Nuclear Power Plants against Incidents
pursuant to Sec. 28, para (3) of the Radiological Protection Ordinance (Incident Guidelines
1983) (Annex of BAnz. no. 245, 315t December 1983)

Reactor Safety Committee Guidelines for Pressurized Water Reactors, 3rd edition, 14 October
1981) BAnz. No. 69 dated 14 April 1982

Documentation during the construction and operation of nuclear power plants
Design of nuclear power plants against seismic events; Part 4: Components

Components of the Reactor Coolant Pressure Boundary of Light Water Reactors;
Part 2: Design and analysis

Component Support Structures with Non-Integral Connections; Part 1: Component Support
Structures with Non-Integral Connections for Components of the Reactor Coolant Pressure
Boundary of Light Water Reactors

Pressure and Activity Retaining Components of Systems outside the Primary Circuit;
Part 1: Materials

Pressure- and Activity Retaining Components of Systems outside the Primary Circuit;
Part 3: Manufacture

Pressure and Activity Retaining Components of Systems outside the Primary Circuit;
Part 4: Inservice Inspections and Operational Monitoring

Fasteners - Technical specifications - Part 13: Parts for bolted connections with specific me-
chanical properties for use at temperatures ranging from -200 °C to +700 °C

Mechanical properties of fasteners made of carbon steel and alloy steel - Part 1: Bolts,
screws and studs with specified property classes - Coarse thread and fine pitch thread
(ISO 898-1:2013); German version EN ISO 898-1:2013

Mechanical properties of fasteners made of carbon steel and alloy steel - Part 2: Nuts with
specified property classes - Coarse thread and fine pitch thread (ISO 898-2:2012); German
version EN ISO 898-2:2012

Flanges and their joints - Circular flanges for pipes, valves, fittings and accessories, PN des-
ignated - Part 1: Steel flanges; German version EN 1092-1:2007+A1:2013

Metallic and other inorganic coatings - Electroplated coatings of zinc with supplementary
treatments on iron or steel (ISO 2081:2008); German version EN 1SO 2081:2008

Bolted connections with reduced shank, survey and installation; studies relating to the calcula-
tion of bolted connections

Bolted Connections with Reduced Shank; Metric Thread with Large Clearence, Nominal Di-
mensions and Limits

Bolted Connections with Reduced Shank; Stud-bolts
Bolted Connections with Reduced Shank; Studs
Bolted Connections with Reduced Shank; Extension Sleeves

Mechanical properties of corrosion-resistant stainless steel fasteners - Part 1: Bolts, screws
and studs (ISO 3506-1:2009); German version EN 1ISO 3506-1:2009
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DIN EN ISO 3506-2 (2010-04) Mechanical properties of corrosion-resistant stainless steel fasteners - Part 2: Nuts (ISO 3506-

2:2009); German version EN ISO 3506-2:2009

DIN EN ISO 3506-3 (2010-04) Mechanical properties of corrosion-resistant stainless steel fasteners - Part 3: Set screws and

similar fasteners not under tensile stress (ISO 3506-3:2009); German version EN ISO 3506-
3:2009

DIN EN 10253-2 (2008-09) Butt-welding pipe fittings - Part 2: Non alloy and ferritic alloy steels with specific inspection

requirements; German version EN 10253-2:2007

DIN EN 10253-4 (2008-06) Butt-welding pipe fittings - Part 4: Wrought austenitic and austenitic-ferritic (duplex) stainless

steels with specific inspection requirements; German version EN 10253-4:2008

DIN EN 12516-2 (2004-10) Industrial valves - Shell design strength - Part 2: Calculation method for steel valve shells;

German version EN 12516-2:2004

DIN EN 13555 (2005-02) Flanges and their joints - Gasket parameters and test procedures relevant to the design rules

for gasketed circular flange connections; German version EN 13555:2004

DIN 28011 (2012-06) Torispherical heads

DIN 28013 (2012-06) Ellipsoidal heads

VDI 2230 Blatt 1 (2003-02) Systematic calculation of high duty bolted joints - Joints with one cylindrical bolt

AD 2000-MB A 5 (2000-10) Openings, closures and closure elements

AD 2000-MB B 13  (2012-07) Single-ply bellows expansion joints

AD 2000-MB S 3/2 (2004-02) General verification of stability for pressure vessels - Verification of load-carrying capacity for

horizontal vessels on saddle supports

AD 2000-MB S 3/4 (2001-09) General verification of stability for pressure vessels - Vessels with support brackets
AD 2000-MB W 0 (2006-07)  General principles for materials

(1]

(2]

[3]

[4]

[5]

[6]

[7]

(8]

[0

[10]

Literature

H. Hubel

Erhéhungsfaktor K zur Ermittlung plastischer Dehnungen aus elastischer Berechnung,
Technische Uberwachung 35 (1994) Nr. 6, S. 268-278

(Stress intensification factor K, for the determination of plastic strains obtained from elastic design),
Technische Uberwachung 35 (1994), No. 6, pp. 268 - 278)

WRC Bulletin 297 (September 1987)
Local Stresses in Cylindrical Shells due to External Loadings on Nozzles-Supplement to WRC Bulletin No. 107 (Revi-
sion [)

WRC Bulletin 107 (August 1965, Revision Marz 1979)
Local Stresses in Spherical and Cylindrical Shells due to External Loadings

British Standard PD 5500:2000, Annex G
Specification for unfired fusion welded pressure vessels

TEMA
Standards of Tubular Exchanger Manufacturers Association Inc., Eighth Edition, New York 1999

ASME Boiler and Pressure Vessel Code
Section VI, Division 1, Appendix AA, 2001

K. Bieniussa, H. Reck

Rohrleitungsspezifische Analyse der Beanspruchungen aus thermischer Schichtung,

22. MPA-Seminar, 10. und 11. Oktober 1996, Stuttgart

(Analysis of stresses in pipings resulting from thermal stratification; 22" MPA-Seminar, 10" and 11" October
1996, Stuttgart)

Markus
Theorie und Berechnung rotationssymmetrischer Bauwerke, 2. berichtigte Auflage, Disseldorf 1976
(Theory and design of structures having form of surface of revolution), 2nd corrected edition, Diisseldorf 1976)

Warren C. Young
Roark’s Formulas for Stress and Strain, 6. Ausgabe, Verlag McGraw-Hill, New York 1989

Kantorowitsch
Die Festigkeit der Apparate und Maschinen fiir die chemische Industrie, Berlin 1955
(The strength of apparatus and machines for the chemical industry, Berlin 1955)
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Kockelmann, J. Bartonicek, E. G. Meyer, M. Trobitz

Festigkeits- und Dichtheitsnachweis flir Flanschverbindungen mit der Dichtung im Krafthaupt- und Kraftneben-
schluss; Vortragsveranstaltung ,Gewahrleistung von Sicherheit und Verfligbarkeit von Leichtwasserreaktoren; 13.-14.
Juni 2002, MPA Stuttgart

(Verification of strength and leak tightness for floating type and metal-to-metal contact type flanges. Conference pro-
ceedings: "Ensurance of safety and availability of light-water reactors", MPA Stuttgart, 13" to 14" June, 2002)

F. Schockle, J. Bartonicek, R. Hahn, H. Kockelmann
Abdichteigenschaften von Dichtungen flr Flanschverbindungen; 28. MPA-Seminar, 10. und 11. Oktober 2002
(Sealing properties of gaskets for bolted flange connections; 28" MPA-Seminar, 10" and 11" October 2002, Stuttgart)

R. Hahn, H. Kockelmann, J. Bartonicek, R. Jastrow, F. Schockle

Ermittlung von Kennwerten fiir Flanschverbindungen mit der Dichtung im Krafthaupt- und Kraftnebenschluss,
27. MPA-Seminar, 4. und 5. Oktober 2001, Stuttgart

(Determination of properties for flange connections of floating type and metal-to-metal contact type; 27" MPA-
Seminar, 41" and 5" October 2001, Stuttgart)
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Annex D (informative)

Changes with respect to the edition 1992-06 and explanations

To Section 1 “Scope”

The scope was put more precisely as regards piping and
valves with < DN 50.

To Section 2 “General principles and definitions”

(1) At several locations, Section 2 “General principles and
definitions” was actualised in conformance with KTA 3201.2
(1996-06).

(2) The definitions of terms were comprised in a separate
section. The related requirements were put more precisely.

(3) Sub-clause (12) in KTA 3211.2 (1992-06) was deleted as
sub-clause 7.7.1 (6) contains adequate rules.

(4) Within the procedures for changing KTA Safety Stand-
ards 3211.2 and 3211.3 Table 2-1 was changed with respect
to the classification criteria of test group A3 in order to elimi-
nate the differences existing between the general specification
for basic safety, the convoy specifications and the require-
ments of the KTA 3211 series. The formulation used up to now
“allowable materials outside the scope of KTA 3211.1 for plants
liable to supervision” was replaced by the more distinct limita-
tion “materials within the scope of AD 2000-Merkblatt W 0”.
The former stipulations for the use of austenitic materials with
s <16 mm and < DN 150 were no more taken over since KTA
3211.1 (2000-06) contains respective requirements.

To Section 3 “Load case classes as well as design, service
and test loadings and limits of components”

(1) The text in clause 3.2.4.1 was adapted to the formula-
tions of the document “Safety Criteria for Nuclear Power
Plants” and KTA 3201.2 (1996-06).

(2) In Section 3.3 notes and information were added to load-
ing levels 0, A, B, C, and D to describe the objectives of verifi-
cation of the various loading levels.

(3) Clause 3.3.3.2 was adapted to comply with the supple-
mented text considering primary stress limits in Table 7.7-4 for
loading level A.

(4) The stipulations for consideration of level C load cases in
the fatigue analysis were put more precisely in clause 3.3.3.4
and in Table 7.7-4. Any cycle occurred due to level C events
with respect to its contribution to component fatigue shall be
considered within operational monitoring (see KTA 3211.4,
Section 8.1).

(5) The requirement of clause 3.3.3.6 was changed such
that any pressure testing is to be considered in the fatigue
analysis if the number of pressure tests exceeds 10.

To Section 4 “Effects of the components due to mechanical
and thermal loadings and fluid effects”

A new formulation was included to require that the fluid effects
on component fatigue are to be considered according to the
state of science and technology. The following changes were
made:

a) At any pertinent location “corrosion and erosion” was re-
placed by the more general formulation “fluid effects”.

b) Sub-clause 3 was supplemented to say that fluid effects
may reduce the fatigue strength.

c) In Section 4.5, a new sub-clause was added to cover, in
connection with clause 7.8.3, requirements for the case

where uncertainty as to the fluid effect on component in-
tegrity exists.

To Section 5 “Design”

(1) At several locations, Section 5 was editorially changed
such that the formulations represent design requirements (e.g.
clause 5.1.4.2, clause 5.3.2.3). The requirements as to fa-
vourable conditions for component service loadings were
supplemented to include loading by thermal stratification.

(2) Clause 5.2.4 was put more precisely to cover the ar-
rangement of bolts in flanges in compliance with the conven-
tional flange design rules.

(3) Figure 5.2-2 was editorially revised. As regards the test
length notations, Figures 5.2-5, 5.2-7, 5.3-1, 5.3-2, 5.3-3, and
5.3-4 were adapted to KTA 3211.3.

(4) In Section 5.2.5 the reference was extended to sheets 1
to 4 of DIN 2510 since all sheets contain design requirements
for reduced shank bolts. By including sub-cause 5 it was
pointed out that the design of threaded connections shall en-
sure a mainly tensile loading of the bolts.

(5) The maximum allowable wall thickness ratio of nozzle to
shell (Section 5.2.6, sub-clause 3, Table 5.2-1) sp/sy<1.3isa
conservative rule and is subject to basic safety. It shall ensure
both a favourable distribution of stresses and wall thickness
reserves in the shell to withstand nozzle forces. Detail anal-
yses performed show that the principles of basic safety can be
adhered to even if the wall thickness ratio is sa/sy < 1.5. For
this reason, an individual rule was taken over in KTA 3211.2 to
require that a general analysis of the mechanical behaviour to
Section 7 has to be performed in any case.

(6) Clause 5.3.2.4 in conjunction with Section 8.2.5 was
adapted to the current edition of AD 2000-Merkblatt B 13.

To Section 6 “Dimensioning”

(1) The formulations in Section 6.1 were put more precisely

and supplemented

a) on account of a formal contradiction between the former
sub-clauses 2 and 5 which was noted by the Federal Min-
istry for the Environment,

b) upon evaluation of the Reactor Safety Committee state-
ment dated 24t July 2008 (410" meeting) “Strength hy-
potheses in the range of application of KTA safety stand-
ards when re-evaluating components and systems; evalua-
tion of safety aspects regarding the question of optional
application of the von Mises or Tresca yield criterion in
KTA safety standards”,

c) upon evaluation of the sub-committee “Program and Prin-
ciple Questions for Comprehension of KTA rules” (UA-PG),
33 UA-PG meeting dated 10" March 2010,

d) for inclusion of stipulations regarding limit analysis.

This aims at clearly fixing dimensioning requirements and
excluding mal-interpretation of requirements, where possible.

(2) The requirements for claddings in Section 6.3 were put
more precisely.

(3) The stress limit term Ryo57/1.5 was included in Table
6.6-1 (dimensioning to Annex A for rolled and forged austenitic
steels) which deviates from the ASME Code terms
(min {Rpo orT/1.5; Rpo21/1.1; Rmpr1/3,0; Ry1/3.0}) to corre-



spond to the dimensional equations not taken over from the
ASME Code, but from German technical rules to take credit
for the stress limitations laid down in these rules. This is espe-
cially of importance for materials where, on account of the
material properties, the strain limit R, will govern dimension-
ing, and strain limitation would no more suffice due to the
calculation procedure on which dimensioning is based. One
example for this is the deformation behaviour of dished heads.

As the stress intensity limitation concept in the analyses of the
mechanical behaviour on the basis of linear-elastic stress
analyses, where limit load factors at non-uniform stress distri-
bution are used, principally will not be distinguished from the
stress intensity limitation concept in conventional design rules,
it is considered suitable to base dimensioning on the same
stress intensity limits if dimensioning is performed to verify
primary stresses.

Taking the aforementioned additional stress intensity limit term
into account, the allowable stress level in primary stress verifi-
cation will be less than the stress intensity limit required by the
ASME Code for austenitic materials. This also applies to other
configurations where an adaptation is not required (e.g. for
cylindrical shells under internal pressure). The proposed
method for calculating the equivalent stress intensity for di-
mensioning purposes thus is a simplification to additionally
contain some conservatism.

(4) Footnote 3 was added to Table 6.7-1 to ensure that in no
case will the allowable stresses for components of test groups
A2 and A3 exceed the allowable stresses of test group A1.

(6) Table 6.7-2 was put more precisely and extended to
cover the line “Total Stress” and a stress intensity limit for
taking credit of the torsional moment applied during bolt as-
sembly by means of a torque wrench. The table was changed
such that the assembly condition is shown under a separate
column and the allowable stresses for Level P are only indi-
cated for the test condition.

To Sections 7.1 t0 7.7

(1) In clause 7.1.2 it was made clear that welds are to be
included in fatigue analyses.

(2) As elastic-plastic analyses cannot always be based on
actual stress-strain relationships and no concrete require-
ments have been laid down up to now, the last sentence in
sub-clause 7.3 (1) was changed.

(3) Within the verification it shall be evaluated how far the
various factors of influence may affect the results during mod-
elling and to what extent they have to be included in the mod-
el. If the evaluation shows that direct inclusion into the model
is not required, the requirement to take credit of such influ-
ences is sufficiently satisfied. Therefore, sub-clauses (3) and
(5) of clause 7.6.2.3 were uniformly changed to read “shall be
considered”.

(4) Clause 7.6.2.6 was adapted to KTA 3201.2 (1996-06).

(5) Within the process of changing this KTA Safety Standard
the possibility was checked of including procedural require-
ments for the analysis of damping behaviour with respect to
the service loadings. It was found out that concrete require-
ments have to be subject to individual considerations. The
following procedure is principally to be followed:

The essential parameters of a dynamic piping analysis are the

- calculation methods to the “modal analysis” or “direct inte-
gration”,

- selection of the damping degree for operational events or
incidents,

- consideration of the so-called “frequency shift”.
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When performing dynamic piping analysis methods distinction
is made between the modal analysis and the direct integration
(time history method). Both methods are considered to be
equivalent. The damping parameters on which the analysis is
based, either are the constant damping for all frequencies or a
frequency-dependent Raleigh damping with the two parame-
ters o and B. From the user’s point of view, the more simple
application of constant damping for all frequency ranges of
Raleigh damping are to be preferred since here the damping
hyperbola has to be drawn up between two significant fre-
quencies. As regards the determination of these frequency
points — e.g. first natural frequency and a higher frequency
subject to engineering judgment to an extent of approximately
60 Hz to 80 Hz — extensive engineering or calculus of varia-
tions may be necessary.

In the American ASME Code (Section lll, Division 1, Appen-
dices, Table N-1230-1) a damping value of 5 % is recom-
mended for piping systems both for the “Operational Basis
Earthquake (OBE)’ and the “Safe Shutdown Earthquake
(SSE)”. This value applies independently of the frequency.
The proposed damping value has been increased compared
to former editions of the ASME code to prevent optimum pip-
ing system design from being impaired by too stringent re-
quirements for earthquake resistance. Here, the experience
made was considered that comparably flexibly routed piping
systems in fossil-fired power plants and chemical plants will
not fail in the event of earthquake.

The selection of the damping value in dynamic piping system
analyses is primarily based on KTA 2201.4 where the usually
used damping value of 4 % is derived for external events.
Operational loadings are also often based on this damping
value of 4 %.

In addition, the results of dynamic piping system analyses are
considerably influenced by the selection of the so-called fre-
quency shift. By this means, inaccuracies in the application of
the system masses and geometric lengths shall be considered
such that resonance effects, if any, between natural and exci-
tation frequency in the piping system can be verified. In prac-
tice, a frequency shift of £ 2 % (for both frequency types) is
often used as indication for resonance effects, if any.

VDI 3842 “Vibration in piping systems” (2004-06) contains
explanations to vibration calculations.

(6) To avoid mal-interpretations, the definition of local prima-
ry stresses in clause 7.7.2.2 was revised in correspondence
with the ASME Code.

(7) At several locations, clause 7.7.3 “Superposition and
evaluation of stresses” was put more precisely to clarify the
requirements.

(8) Section 7.7.4 “Limit analysis” was taken over from KTA
3201.2 (1996-06) for test group A1 and adapted to test groups
A2/A3 in conformance with the ratio of S,,/S values and the
required limit load.

(9) In Table 7.7-4 a footnote was included for loading level 0
to refer to the new normative Annex B which describes the
procedure for numerical reassessments of a component.

To Section 7.8 “Fatigue Analysis”:

(1) At several locations the formulation was put more pre-
cisely.

(2) Within the process of changing this KTA safety standard,
the national and international knowledge on fatigue curves to
be applied within the fatigue analysis for ferritic and austenitic
materials was discussed in detail and evaluated. Here, the
influence exerted by the environment was treated in detail.

(3) In safety standard KTA 3211.2 (edition 1992-06) the
ASME design fatigue curve (“Langer curve” [1]) dating from the
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1960ies which considered various moduli of elasticity, formed
the basis for fatigue analysis. The evaluation of later more
comprehensive test results obtained in the USA and in Japan
for austenitic materials shows that the average value curve
(under air), which was the basis of the original (old) ASME
design curve, can lead to non-conservative results starting at
104 load cycles [2] [NUREG/CR-6909].

For this reason, a new design fatigue curve for austenitic ma-
terials was introduced in ASME Section Ill, Appendix 1, edition
2009b. Compared to the old curve, the new design fatigue
curve shows the following changes:

a) in the short-term range 107 to 5 e 102 load cycles higher
allowable stress amplitudes or at a given stress amplitude
a higher permissible number of load cycles,

b) in the range 103 to 105 load cycles lower allowable stress
amplitudes or at a given stress amplitude a lower permis-
sible number of load cycles,

c) inclusion of a high-cycle fatigue range up to 1011 load cy-
cles,

d) omission of the curves A - C.

Within several research projects [3] to [7] studies were made
to find out in how far the new ASME design fatigue curve
under air is transferrable and applicable to the stabilised aus-
tenitic materials 1.4550 and 1.4541 used in German nuclear
power plants. By means of the results obtained independent
average design fatigue curves for room temperature and tem-
peratures exceeding 80 °C and, based on these results, new
design fatigue curves were derived [8] to [10]. Contrary to the
evaluation of NUREG/CR-6909 [2], where no influence of
temperature on the average value curve is assumed, the re-
sults in [3], [5] and [7] show a non-negligible temperature
influence in the range starting with 104 load cycles. For this
reason, average value and design fatigue curves are explicitly
derived at room temperature and temperatures exceeding 80
°C for the stabilised austenitic materials 1.4550 and 1.4541
[8]. In the USA the influence of the temperature on the aver-
age value curve under air is not assessed to be significant
(NUREG/CR-6909 [2], chapter 5.3.1). Therefore, no differenti-
ation of the design fatigue curve is made in the ASME Code
as regards the temperature influence. When evaluating the
influence of the environment using Fe, factors, the tempera-
ture is explicitly taken into account [2]. For the other austenitic
steels the design fatigue curves of the ASME Code starting
with the edition ASME 2009b were taken over. For ferritic mate-
rials the current design fatigue curves remain applicable.

(4) With regard to a quantitative evaluation of the influence
by the environment on the fatigue strength tests were per-
formed under the research projects [11] to [14] and evaluated
by comparison with the “Environmental Factor’ Fg,, presented
in NUREG/CR-6909 [2]. Therefore, evaluation criteria to cover
the environmental influence on fatigue behaviour are available
on account of the laboratory studies, however, the results are
evaluated to be conservative. At present, there is no uniform
procedure in technical rules on international level to cover a
possible environmental influence on fatigue strength. This is
especially made clear in the reports [15] and [16] dealing with
the calculation of Fg,.

On international technical level, several calculation procedures
exist to cover the environmental influence. Besides the NU-
REG/CR 6909 procedure further numerical approaches exist.
Among these approaches is the approximation of Argonne
National Laboratory (ANL) published in the report ANL-
LWRS47 as well as a procedure discussed on the ASME
Code Meeting “Section Il Subgroup on Fatigue Strength”,
Nashville TN, May 15, 2012. A proposal for a detailed guide-
line for a numerical procedure can be found in [16]. A further
unification of the American procedure can be expected [17] if

at the end of 2014 the revisions of NUREG/CR 6909 [2] and of
Reg. Guide 1.207 [18] have been published.

The laboratory tests up to now were nearly exclusively per-
formed under constant uniaxial loading conditions. New
knowledge gained suggests the service-life favouring influ-
ence of near-realistic long holding times as regards loading
conditions (holding time effect). This applies to both air envi-
ronment and LWR environmental conditions, see e.g. [19] to
[22]. Consideration of this effect will be envisaged upon provi-
sion of secured experimental tests, if required.

At present, there are only insufficient test results available for
a statistically confirmed quantification as regards the distribu-
tion of proportional shares of temperature end environmental
influences, respectively. First examinations, however, show
the temperature influence under various ambient conditions
(vacuum, air and environment) [23]. It is shown that the ser-
vice-life limiting environmental influence currently proved by
experimental investigations already contains a non-
quantifiable share of the temperature influence which depends
on the strain amplitude and the allowable number of cycles,
respectively [24].

The available test results obtained by AREVA-SAS as regards
the environmental influence with realistic transient strain histo-
ries show that the original (old) ASME design fatigue curve for
austenite both under air and under moderate environmental
conditions (based on a factor Fg, = 3) further leads to con-
servative results [25] to [27].

Where fatigue strength determination is based on the actually
occurred loading events relevant to fatigue, the reducing effect
of the environment, especially if the environmental influence
can no more be considered to be moderate, cannot basically
be neglected for the purpose of damage prevention.

Sub-clause 7.8.3 (2) contains respective measures to consider
the environmental influence. Evaluations in due consideration
of the factors of influence to be used according to the existing
procedures applicable to the conditions (material, tempera-
ture, oxygen concentration, strain rate) prevailing in German
nuclear power plants (PWR and BWR) proved that he applica-
tion of attention thresholds is justified. A level of attention
value D = 0.4 was established for both ferritic and austenitic
materials. Where the measures necessary according to 7.8.3
(2) are determined by means of fatigue evaluations estab-
lished on the basis of the design fatigue curve in KTA safety
standard 3211.2 (1992-96), a value of D = 0.2 instead of D =
0.4 is considered to be justified for austenitic materials.

The calculation to take account of the environmental influence
shall be made on the basis of the design curves under air (see
e.g. [2], [16]).

Alternatively, the environmental influence on fatigue may be
taken into account by detailed proofs in consideration of the
temperature, oxygen content and strain rate, e.g. by applica-
tion of the aforementioned procedures or experimental verifi-
cations.

The aforementioned procedure is principally applicable to take
account of the environmental influence. The tests, however,
indicate that the F, factors to be derived in most cases have
a conservative character. Laboratory tests show that, when
considering the interaction between surface and environmen-
tal effects as well as realistic loading signals, considerable
reserves can be proved experimentally [24] to [28]. Therefore,
a quantification of conservativities is possible by experimental
studies. This makes possible the partial covering of this envi-
ronmental influence by the existing design curves and the
derivation of allowable F¢p, factors “Fe, gliowable” (S€€ also the
procedure described in [28] the implementation of which into
the French RCC M-Code is under discussion). Investigations
made by MPA- Stuttgart show same approaches [9].



Due to the conservative design, the operational measures
taken and preventive maintenance operational experience in
Germany shows that the environment has no significant influ-
ence on the component service life.

For the purpose of a conservative procedure within the estab-
lishment of safety standards the definition of attention thresh-
olds takes the fact into account that on the basis of laboratory
tests, the environmental influence on the fatigue strength is
evidenced. Should this state of knowledge develop further in
the future, then decision shall be made on account of this new
basis on the level of attention thresholds in KTA 3211.2 or, if
required, their omission be decided upon. The definition of
attention thresholds reflects the present state of knowledge of
environmental influences and represents a pragmatic proce-
dure transferrable into operational practice, which has a
unique status in the international set of technical rules and
standards.
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To Section 7.11 “Stress, strain and fatigue analyses for flange
joints”

In Section 7.1.1 which up to now has only dealt with stress
and fatigue analyses of bolts, the performance of stress, strain
and fatigue analyses for flanged joints in correspondence with
KTA 3201.2 (1996-06) was determined anew. This included
the adaptation to the actualised requirements of Sections A2.9
to A2.11 which also cover the stress analyses for flanges and
bolts and always require verified data to be supplied by the
gasket manufacturer.

To Section 7.12 “Avoidance of thermal stress ratcheting for
components of test group A1”

(1) Section 7.12 was taken over by KTA 3201.2 (1996-06) in
which case its use was limited to test group A1 components
and the equations for determining the plastic strain increments
Ae in the case of the simplified verification were changed, on a
case-by-case distinction made, such that no negative strain
portions will occur anymore. These equations now are clearly
formulated for the user.

According to this, conservative estimation procedures are pre-
scribed and the formerly only general requirement to verify that
failure due to thermal stress ratcheting is to be avoided is spe-
cified more precisely. The estimation procedures are based on
the procedures given by the ASME Code (NB 3228 and Code
case N 47). Their use is limited to test group A1 as the re-
quired detailed verifications are available for this test group.

(2) A possible alternative for both the fatigue analysis and
the verification of occurrence of ratcheting is the application of
the simplified theory of plastic zones (Zarka’ shakedown
method) (see also e.g. H. HUBEL: Vereinfachte FlieRzonen-
theorie, Bauingenieur, Vol. 73, 1989, No. 11, pp. 492-502).

To Section 8.1 “Component-specific analysis of the mechani-
cal behaviour; General”

(1) In sub-clause (1) it was pointed out that all component-
specific analyses and strength calculations are recognised

current calculation procedures and that, if several procedures
are indicated, all indicated procedures are considered to be
equivalent and thus are all permitted.

(2) Sub-clause (4) was supplemented to require that the
influences of welds that were not dressed or dressed from one
side only on the fatigue strength are to be considered where
fatigue analyses are performed.

To Section 8.2 “ Vessels”

(1) As dimensioning of nozzles subject to internal pressure
need not be compulsorily performed to the equations of Annex
A 2.8, the formulation in clauses 8.2.1.2 and 8.2.1.3 was put
more precisely.

(2) Section 8.2.5 was adapted to the current AD rules. As
the dimensioning of bellows expansion joints is to be made in
conformance with the AD rules and all dimensioning require-
ments were taken over from these AD rules into KTA 3211.2,
the former reference to Section 6.1 contained in clause
8.2.5.3.1 could be deleted without replacement.

The changes in equations 8.2-6, 8.2-7 and 8.2-12 were made
due to differing dimensional units contained in KTA 3211.2
and AD 2000-Merkblatt B 13.

(3) In Section 8.2.6 “Heat exchanger tubesheets” sub-clause
8.2.6 (4) was added to require that, where the tube-side pres-
sure is higher than double the shell-side pressure (ps > 2 « p1),
it shall be verified that the shell is capable of withstanding the
resulting axial force (adaptation to the current edition of
AD 2000-Merkblatt B 5).

To Section 8.3 “Pumps”

Sub-clause 8.3.2.2.2 (3) was added to say that the determina-
tion of stress intensities can be based on the stress theory of
von Mises or alternatively on the theory of Tresca.

To Section 8.4 “Valve bodies”

(1) At several locations, more precise formulations were
taken over and the equations were adapted to the information
shown in the figures.

(2) The verification of primary stresses for valve bodies
taken over (from the ASME code) in Section 8.4.3 is consid-
ered necessary since the simplified component-specific analy-
sis procedure for verifying stress and fatigue was taken over
from the ASME code as a self-contained procedure. The di-
mensioning of valve bodies to Annex A4 is, however, based
on the standard DIN EN 12516-2. The simplified stress and
fatigue analysis to Section 8.4.7.2 cannot be applied without
further modification on valve bodies dimensioned in accord-
ance with Annex A4.

The requirements in sub-clause 8.4.3 (4) and in Figure 8.4-1
(sketch b) represent more stringent requirements than those
of the ASME Code. They are considered necessary as the
effective flange blade area cannot be credited both in the
dimensioning of the valve body and the dimensioning of the
flange.

(3) In the general stress analysis (Section 8.4.4) the local
membrane stress portion due to internal pressure P, was
taken over (equation 8.4-4) for loading levels 0, A and B in
addition to the secondary stress portion from pipe reactions
Pep to conform with the procedure in the French RCC-M Code.
The design requirements for the performance of the general
stress analysis were put more precisely by inserting the re-
spective dimensional units in Figure 8.4-5 (the diameter and
wall thickness of the valve body shall be greater than those of
the connected piping).

(4) Upon evaluation of the experience made with the appli-
cation of KTA 3201.2 (1996-06) it was found out that the gen-



eral stress analysis may also be applied to corner valves un-
less the nozzles do not influence each other. According to
current experience from the evaluation of finite element calcu-
lations the mutual influence of prismatic bodies is negligible.
The design requirements regarding the use of Table 8.4-2
were changed accordingly.

(5) As only the primary membrane stress is evaluated at
Level 0, the requirement for Level 0 was deleted in sub-clause
8.4.4 (2) and in Table 8.4-2.

To Section 8.5 “Piping systems”

(1) In Section 8.5.1 the requirements for the use of Section
8.5 were put more precisely. The aim of the stipulations in
Section 8.5.1 is to ensure that, in any case, the piping compo-
nents are designed to withstand internal pressure (circumfer-
ential stress). The verifications of Section 8.5 provided by
equations (8.5-1) to (8.5-6) essentially deal with the longitudi-
nal stress portion due to internal pressure in connection with
additional stresses arising from thermal and mechanical load-
ings. The applicability of these equations depends on the
satisfaction of the respective geometry conditions contained in
Section 8.5. The compulsory connection with a certain dimen-
sioning procedure for determining the wall thickness of the
piping components in excess of the requirements of Section 6
is not necessary as the ratio of the stress intensification factor
to the basic stress is completely covered by the stipulations of
Section 8.5 and thus it is ensured that the allowable stresses
are not exceeded when applying the respective equations.

(2) The requirements in sub-clause 8.5.1 (6) and in Figure
8.5-1 were extended to cover induction bends so that wall
thickness increases (at intrados) and decreases (at extrados)
on induction bends can be considered in the component-
specific analysis of the mechanical behaviour. These require-
ments are prerequisite to the fact that the dimensions to KTA
3211.3, sub-clause 9.3.3.4 (5) a) (standard induction bends)
are not exceeded. Where induction bends do not meet this
requirement, the notch (wall thickness increase at intrados)
shall be considered in compliance with the extended definition
of wall thickness s in clauses 8.5.2.1 and 8.5.3.1.

(3) As Section 8.5 was drawn up for piping systems, it was
made clear in clauses 8.5.2.3 and 8.5.3.3 that the primary
stress intensity for the - originally not intended - application of
equation (8.5-1) to a single straight pipe is to be modified.

(4) Inclause 8.5.2.4.2 the requirement for consideration of

a) moment portions resulting from restraints due to different
movement of buildings which may impair the pipe run,

b) loadings resulting from thermal stratification

were included. The procedure shown in referenced literature
[9] presents a simplified and, under certain circumstances,
very conservative method. Where stratified layer heights and
widths are known, a detailed analysis may be performed in-
stead of the simplified procedure to result in more exact stress
intensities.

(5) In clause 8.5.2.4.6 “Determination of the ranges of tem-
perature differences” it was made clear that time and location-
dependent considerations are permitted. Figure 8.5-2 was
changed to be more precise.

(6) In sub-clause 8.5.2.9.1 it was pointed out that the stress
intensities are to be limited in accordance with Table 7.7-4.

(7) Clause 8.5.2.9.2 was supplemented to require that in
individual cases the applicability of the stress indices for
bends with notches (wall thickness increase at intrados) ex-
ceeding 15 % (induction bends), referred to the nominal wall
thickness, are to be verified. It is intended to verify the ap-
plicability of the stress indices for induction bends by com-
parative calculations and to precise the requirements based
on such calculations.
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(8) The stress index Cs in line 1 of Table 8.5-1 (straight pipe
remote from welds or other discontinuities) was adapted to
line 2 (butt girth welds) and fixed to a value of 0.6. This value
was fixed to deviate from the ASME Code upon consultation
of the relevant ASME committee, since it correctly represents
the physical behaviour.

The stress index B4 for pipe bends or curved pipes was de-
termined to correspond with the current ASME Code.

The correction factors for the B, indices indicated in Table 8.5-1
for piping with 50 < d,/s; < 100 were taken over from the
ASME Code, Section Ill, NC-3673.2 (b-1), Note 3, and remedy
the lack of B, indices not having been available up to now for
thin-walled pipes with d /s, > 50. This largely clarifies the ques-
tion as to the usability of stress intensification factors “i” for the
verification of primary stresses for piping with 50 < d /s, < 100.
The corrections presented take credit of the deviating damage
behaviour of thin-walled pipes with d,/s; > 50 compared to
that of pipes with dg/s. < 50. Numerous experimental and
theoretical investigations have proved that pipes with d,/s; < 30
reach the plastic moment in which case a large plastic plateau
representing the redistribution of moments and only slight
ovalisations occur. The pipes finally fail to show clear buckling.
In the case of d,/s; ratios between 30 and 70 considerable
ovalisations and only little plastification will occur. In the case
of dg/s. ratios > 70 the pipes fail to show wrinkling prior to
reaching yield strength.

(9) Clause 8.5.2.10 “Flexibility factors for system analysis”
was replaced by Section 8.4.9 “Flexibility factors and stress
intensification factors” from KTA 3201.2 (1996-06) to cover the
following actualisation:

a) To avoid large differences in K factors occurring in some
cases (in the transitional areas of the equations for deter-
mining the K factors) when applying the former rules, it
was determined, upon evaluation of extensive finite ele-
ment analyses to determine the K factors by linear interpo-
lation for these transitional areas.

b) The primary stresses shall not be less than those of the
straight pipe remote from discontinuities. In the case of low
stress indices C,,, a stress less than that for the straight
pipe can be calculated by applying a factor of 0.67. There-
fore, equations 8.5-82 and 8.5-83 were supplemented so
that at least the value of 1.0 - M is to be used.

(10) In Section 8.5.3 the primary stress verifications based on
stress intensification factors “i” for piping in test groups A2 and
A3 have been omitted (equations 8.5-90 and 8.5-92 in the
edition 1992-06 of this KTA Safety Standard). The verification
of primary stresses can be completely made on the basis of
stress indices. Primary stress verifications based on stress
intensification factors “i” are considered not to be correctly
applicable for thin-walled piping.

To Section A 2.5 “Dished heads (domed ends)”

Sub-clause A 2.5.2.4 (3) along with Figure A 2.5-6 were delet-
ed as the adopted verification procedure to AD-Merkblatt B3
has proved to be unsuitable and within the range of applica-
tion of KTA 3201.2 using Sp,/d; = 0.001 no elastic instability
need be expected in the knuckle subject to internal pressure
(cf. H. Hey: Questions of knuckle instability, TU 1988, No. 12,
pp. 408-413). Meanwhile, the required verification in AD Spec-
ification Sheet B3 was removed accordingly.

To Section A 2.9 “Bolted Joints” and A 2.10 “Flanges”

(1) Sections A 2.9 and A 2.10 were supplemented to the
current state of knowledge to cover

a) requirements for the design of metal-to-metal type flanged
joints,
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b) flow diagrams showing the principle procedural steps for
the verification of metal-to-metal contact and floating type
flanged joints.

These procedures basically are not new, but include the cur-
rent practice in consideration of DIN EN standards effective to
date.

(2) In Sections A 2.9.3 and A 2.10.2 “General” the required
procedural steps for proof of strength are laid down to corre-
spond to the newly included flow diagrams.

The requirement of sub-clause A 2.9.3 (3) to base the various
steps on the bolt load serves to ensure that the verification
procedure is performed as required. In the case of metal-to-
metal contact-type flanged joints the stipulations consider that
at a number of bolts greater than or equal to 8 the flange
shows a more uniform deformation behaviour.

(3) Upon evaluation of the VDI Report 1903 “Design, Di-
mensioning, Application” (VDI Verlag Dresden 2005) Section
A 2.9.3 was changed to permit the alternative application of
the proof of strength and the equations in Section A 2.9.4.5.2
were adapted accordingly so that no contradictions exists to
the current requirements of VDI 2230. As a consequence of
the adaptation of the procedure of VDI 2230 the calculation of
the total engagement length in consideration of the thread
chamfer could be omitted (clause A 2.9.4.3.5 of the 1992-06
edition of this KTA Safety Standard).

(4) Inthe equations A 2.9-1, A2.9-5, A 2.9-10, A 2.9-11, and
A 2.9-16 as well as A 2.10-1 the safety factor Sp was removed
or added such that it takes credit of the actually pertinent bolt
load (clarification, no change of content).

(5) In equation A 2.9-9 the request for consideration of the
maximum force obtained from pipe bending moment has been
omitted, as for the transferability of friction forces for compen-
sation of torsional moments the friction effect on the gasket is
governing and thus the gasket diameter dp becomes effective.

(6) Sub-clause A 2.9.4.1 d) “Pre-stressing of bolts” was
omitted as essential parts of the content were taken over as
principal requirements in clause A 2.9.3.1.

(7) In the equations A 2.9-23, A 2.9-24 and A 2.9-25 used
for the determination of bolt loads for metal-to-metal contact-
type flanged joints in order to maintain full metal-to-metal
contact of flange blades at operating condition it is laid down
that the friction forces are transmitted over the metal contact
surface between gasket and flange edges in which case a
conservative assumption is made of linear increase in friction
force obtained from flange rotation and extending from the
gasket to the flange edge.

(8) Equation A 2.9-27 used for determining the bolt load for
metal-to-metal contact-type flanged joints in order to obtain full
metal-to-metal contact of flange blades at gasket seating con-
dition was supplemented to include that friction forces are also
considered to transfer torsional moments and transverse forc-
es.

(9) A new requirement was added to sub-clause A 2.9.4.5.1
(3) to state that for the determination of the required thread
engagement length the actual bold load may be used instead
of the bold load referring to the tensile strength. This stipula-
tion may e.g. be valid in case of retrofitting measures if bolts
with a greater thread diameter are used.

(10) For the shear strength a uniform value of 0.6 shall be
taken. In equations A 2.9-36, A 2.9-37 and A 2.9-39 the value
of 0.55 used up to now was changed to 0.6 and thus adapted
to equations A 2.9-34 and A 2.9-35.

(11) In Figures A 2.10-3, A 2.10-5 and A 2.10-6 the applica-
tion of bolt load was represented to correspond to the conven-
tional design rules. Due to the changed application of bolt load

a conservative stipulation was made to correspond to the
design requirements of clause 5.2.4.

(12) New equation A 2.10-46 was included for the dimension-
ing of metal-to-metal contact-type flanged joints. This equation
serves to determine the allowable flange rotation with which
adequate tightness of the flanged joint is still obtained. The
spring-back gap at the gasket Asq, shall govern which shall
be taken from standards or the manufacturer's data in de-
pendence of the type of gasket. Corresponding data shall be
available in accordance with Form A 2.11-2.

The proofs shall be made for the bolting-up condition, for nor-
mal and anomalous operation and for the test condition.

(13) The proofs of tightness and strength for metal-to-metal
contact-type flanged joints were supplemented on the basis of
the proofs established for floating-type flanged joints. This new
algorithm is essentially based on the calculation model on
which the verification procedure for floating-type flanged joints
is based. Here, the flanges were idealised as twisting bodies
or linear torsion springs and the bolts as longitudinal springs.
In the case of metal-to-metal contact-type flanged joints the
twisting point (inversion centre) of the flanges bolted together
will shift, during assembly upon reaching full metal-to-metal
contact between flange blades, towards the bearing surfaces
of the two flange blades. The load-dependent flange rotations
thus obtained will cause a gap increase in the gasket area
which has to be compensated - in case of an idealised linear-
elastic gasket curve. The contact force on the bearing surface
which is effective in addition to the gasket load reaction is an
extension of the rules compared to the mechanical behaviour
of the complete flanged connection of floating-type joints with
the extension being considered in the deduction of the algo-
rithm introduced. On the basis of this algorithm a verification
by calculation of the strength and deformation conditions can
be made analogously to the verifications used for floating-type
flanged joints. The opening of the gap due to the twisting
flange blades may be determined for the bolting-up and the
operating condition and be evaluated on the basis of the gas-
ket data sheet.

(14) In clause A 2.10.6.2.2.2 the delimitation of DIN 2505
(draft, edition 1991) between flanges with tapered hub and
flanges without tapered hub was taken over.

(15) Table A 2.10-1 was changed to contain a separate col-
umn for the bolting-up condition and to state allowable stress-
es only for loading level P at test condition. The factor ® was
simultaneously adapted to correspond to DIN EN 1591 from
which it was taken. In addition, the bolt loads on which the
various verification steps are to be based were put more pre-
cisely.

(16) Further literature on stress and distortion ratios of metal-
to-metal contact flanged joints can be found in [1] to [3].

[11 G. Miller: Uberpriifung der Kraft- und Verformungsver-
haltnisse bei Flanschverbindungen mit Dichtungen im
Kraftnebenschluss, Dichtungstechnik, Edition 01/2011,
Vulkan-Verlag Essen

[2] G. Miller: Vereinfachtes rechnerisches Verfahren zur
Uberpriifung der Kraft- und Verformungsverhaltnisse bei
Flanschverbindungen mit Dichtungen im Kraftneben-
schluss, Sonderdruck, March 2011, TUV NORD EnSys
Hannover GmbH & Co. KG

[3] Forschungsbericht ,Experimentelle Ermittlung der zulas-
sigen Belastungen von Rohrleitungsflanschverbindungen
DN100 mit der Dichtung im Kraftnebenschluss (KNS)“,
SA-AT 19/08, December 2010, Materialpriifungsanstalt
Universitat Stuttgart

To Section A 2.11 “Gaskets”

(1) Section A 2.11 “Gaskets” was fundamentally revised and
adapted to the current state of knowledge. It was considered



purposeful to change over to the gasket factors determined to
DIN 28090-1 (1995-09) “Static gaskets for flanged joints - Part 1:
Gasket factors and test procedures”. It is assumed that in the
future a list of characteristic values to correspond to the re-
spective forms specified will be established.

(2) The definition of the characteristic values for floating-type
flanged joints was taken over from DIN 28090-1 (1995-09).

(3) Former Table A 2.11-1 was deleted and replaced by a
sample form summarising characteristic values (Forms
A 2.11-1and A 2.11-2).

(4) Further explanations to the use of Section A 2.11 can
e.g. be found in literature referenced hereafter:

a) H. Kockelmann, J. Bartonicek, E. Roos: Characteristics of
gaskets for bolted flanged connections - present state of
the art, The 1998 ASME/JSME Joint Pressure Vessel and
Piping Conference, San Diego, California; July 26-30,
1998, PVP-Vol. 367, pp. 1/10

b) H. Kockelmann: Leckageraten von Dichtungen fir
Flanschverbindungen, Rohrleitungstechnik, 7. Ausgabe
(1998), S. 194/216, Vulkan-Verlag Essen
H. Kockelmann: Leakage rates of gaskets for flanged
joints, Rohrleitungstechnik, 7t edition, pp. 194-216, Vul-
kan-Verlag (in German)

c) H. Kockelmann, R. Hahn, J. Bartonicek, H. Golub, M.
Trobitz, F. Schockle: Kennwerte von Dichtungen fir
Flanschverbindungen, 25. MPA-Seminar, 7. und 8. Ok-
tober 1999, Stuttgart
H. Kockelmann, R. Hahn, J. Bartonicek, H. Golub, M.
Trobitz, F. Schockle: Characterisitc values of gaskets for
flanged joints, 25" MPA-Seminar, Stuttgart, 71" and 8™ Oc-
tober 1999 (in German)

d) H. Kockelmann, J. Bartonicek, R. Hahn, M. Schaaf: Design
of Bolted Flanged Connections of Metal-to-Metal Contact
Type, ASME PVP Conference 2000, July 23-27, 2000, Se-
attle, USA

e) H. Kockelmann, Y. Birembaut: Asbestos Free Materials for
Gaskets for Bolted Flanged Connections, Synthesis Report
of the Brite Euram Project BE 5191 Focusing on Gasket
Factors and Associated Gasket Testing Procedures, 4t |n-
ternational Symposium on Fluid Sealing, 17-19 Septembre
1996, Mandelieu/France

To Section A 4 “Valves”

Equation A 4.1-23 was changed to conform to the respective
equation in DIN EN 12516-2.

To Annex B “Requirements as to the primary stress analysis in
case of numerical reassessments”

(1) In practice the KTA safety standards 3201.2 and 3211.2
valid for new constructions are also applied to already existing
components for which verifications by calculation have been
made to prove that damage prevention required to correspond
to the state of science and technology is adhered to. The ne-
cessity of performing numerical reassessments is given e.g. if:

a) the existing component is within the range where replace-
ment measures are taken and the admissibility of changed
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attachment loads, e.g. due to the changed dead weight of
the replaced component, has to be verified,

b) grinding work has been done on the existing component
(e.g. to establish the testability for in-service inspections)
which leads to a less-than-normal wall thickness,

c) new knowledge is gained on the loads to be verified or on
the loading capability of the component to be verified.

(2) Adaptations required compared to the state of licencing,
which result from updated requirements set by the current
state of science and technology with regard to “analysis of
mechanical behaviour” verifications can be relatively simply
realised in practice by limited plant changes (e.g. optimisation
of the supporting system or adaptions of the mode of opera-
tion or water chemistry). However, adaptations due to updated
design and dimensioning requirements in most cases are only
possible by completely replacing the respective components.

(3) With the dimensioning to Section 6 (requirements for
loading level 0) the minimum requirements for component
dimensions are determined. Additional dimensional require-
ments may be possible due to the effects of loading levels A,
B, C, D or P. By means of loading level 0 it is possible, within
the erection of a plant, to stagger the totality of strength verifi-
cations over a certain period of time. A first step will be to
determine component dimensioning with the level 0 and P
data, which generally is prerequisite for the release of manu-
facturing. A second step will be the stress analysis based on
level A, B, C and D data which should be available prior to
pressure testing. To simplify and minimise the calculation
expenditure, as a rule only longitudinal stresses are credited
for in levels A, B, C and D. Circumferential stresses shall have
already been limited in level O calculations.

(4) Given the fact that in practice the dimensioning step is
taken with conservative assumptions during the erection
phase which, inter alia, are intended to cover planning uncer-
tainties, the dimensioning requirements to Section 6 need not
necessarily be met in case of reassessment of primary stress-
es to ensure damage prevention according to the state of
science and technology. Therefore, other steps are permitted
to verify sufficient dimensioning in case of numerical reas-
sessments where the planning uncertainties of the first plant
design are no more given. This means that the primary stress
analysis may be made to follow the mode described in Annex
B in due consideration of the state of knowledge at the point in
time of reassessment such that sufficient dimensioning re-
quired by the state of science and technology can be verified.
Here, it shall be taken into account that the design pressure
and temperature have to cover the loading level A conditions,
i.e. that the loads of level 0 and A may be identical in limited
cases. This condition is identical to the requirements con-
tained in ASME BPVC 2010, Section lll, Division 1, Subsec-
tion NC, Article NC-3112 and Subsection NCA, Article 2142.1.
This means that no additional safety is quantifiable when ap-
plying level 0 compared to the application of level A.

(5) To make corresponding evaluation criteria available, new
qualitative and methodical requirements as to the primary
stress analysis were taken over in Annex B for numerical
reassessments.



