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1 Scope

This European Standard specifies requirements for the design, materials, manufacturing and testing of pressure
vessels and pressure vessel parts intended for use with a maximum allowable pressure, PS, equal or less than 100
bar and shell wall thicknesses not exceeding 60 mm, which are constructed of ferritic or austenitic spheroidal
graphite cast iron. The thickness limitation of the shell does not apply to thickness of flanges, reinforcements,
bosses etc.

The allowable grades do not include lamellar graphite cast iron grades for ferritic and austenitic grades, which are
explicitly excluded from this European Standard because of low elongation and brittle material behaviour, which
requires the use of different safety factors and a different approach.

NOTE 1  Austenitic spheroidal graphite cast iron grades are principally used for high and low temperature applications and for
their corrosion resistance properties.

NOTE 2  The allowable grades of spheroidal graphite cast iron are listed in Tables 3 and 4. Service conditions are given in
Clause 4.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including any
amendments) applies.

EN 764-2:2002, Pressure equipment — Part 2: Quantities, symbols and units.

EN 764-5:2002, Pressure equipment — Part 5: Compliance and inspection documentation of materials.

EN 837-1:1998, Pressure gauges — Part 1: Bourdon tube pressure gauges — Dimensions, metrology,
requirements and testing.

EN 837-3:1996, Pressure gauges — Part 3: Diaphragm and capsule pressure gauges — Dimensions, metrology,
requirements and testing.

EN 1369:1996, Founding — Magnetic particle inspection.
EN 1370:1996, Founding — Surface roughness inspection by visual tactile comparators.

EN 1371-1:1997, Founding — Liquid penetrant inspection — Part 1. Sand, gravity die and low pressure die
castings.

EN 1559-1:1997, Founding — Technical conditions of delivery — Part 1: General.

EN 1559-3:1997, Founding — Technical conditions of delivery — Part 3: Additional requirements for iron castings.
EN 1563:1997, EN 1563:1997/A1:2002, EN 1563:1997/A2:2005, Founding — Spheroidal graphite cast irons.

EN 12680-3:2003, Founding — Ultrasonic examination — Part 3: Spheroidal graphite cast iron castings.

EN 12681:2003, Founding — Radiographic examination.

EN 13445-1:2009, Unfired pressure vessels — Part 1: General.

EN 13445-3:2009, Unfired pressure vessels — Part 3: Design.

EN 13445-5:2009, Unfired pressure vessels — Part 5: Inspection and testing.
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EN 13835:2002, EN 13835/A1:2006, Founding — Austenitic cast irons.
EN I1SO 945:1994, Cast iron — Designation of microstructure of graphite (1ISO 945:1975).

EN 1SO 8062-1:2007, Geometrical product specifications (GPS) — Dimensional and geometrical tolerances for
moulded parts — Part 1: Vocabulary (ISO 8062-1:2007).

EN ISO 8062-3:2007, Geometrical product specifications (GPS) — Dimensional and geometrical tolerances for
moulded parts — Part 3: General dimensional and geometrical tolerances and machining allowances for castings
(ISO 8062-3:2007).

3 Terms, definitions, units and symbols

3.1 Terms and definitions

For the purposes of this European Standard, the following terms and definitions apply.

3.1.1

critical zone

highly stressed area where a fracture is expected to occur in a burst test or where surface fatigue cracks are
expected to be initiated due to fluctuating pressure loads

NOTE 1 Critical zones may occur, for example, by any of the following:

— sudden change in cross section;

— sharp edges;

— sharp radii;

— peak stresses;

— bending stresses;

-— stresses due to other than membrane stress;

'— changes in curvature.

'NOTE2 A critical zone is analysed by any appropriate method, e.g. holographic, interferometric, strain gauge methods, burst
- test, fatigue testing, FEM analysis etc.

NOTE 3  Additionally, thermal gradients and thermal stresses due to different operating wall temperatures need to be
" considered in defining critical zones.

3.1.2
purchaser
. individual or organisation that buys pressure equipment, including assemblies or parts, for its own use or on behalf

- of the user and/or operator

3.1.3
- manufacturer

individual or organisation responsible for the design, fabrication, testing, inspection, installation of pressure
. equipment and assemblies where relevant

NOTE 1 The manufacturer may subcontract one or more of the above mentioned tasks under its responsibility.

"NOTE2 In EU member states the manufacturer is responsible for compliance with the Pressure Equipment Directive
- 97/23/EC. For those manufacturers outside of the EU their authorized representative inside the EU assumes this responsibility.
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314
casting manufacturer
subcontractor that produces the castings used in the manufacture of pressure equipment

315
testing factor
A reduction factor applied to the nominal design stress to take account of possible manufacturing deficiencies

3.1.6
temperature factor
A reduction factor applied to the 0,2 % proof strength to take account of temperature influence

3147
wall thickness factor
a reduction factor applied to the nominal design stress to take account of reduced mechanical properties

3.1.8

ferritic spheroidal graphite castiron

cast material, iron and carbon based (carbon being present mainly in the form of spheroidal graphite particles) with
a predominantly ferritic matrix

3.1.9

austenitic spheroidal graphite cast iron

cast material with an austenitic matrix which is iron and carbon based and alloyed with nickel and manganese,
copper and/or chromium in order to stabilize the austenitic structure at room temperature

3.2 Units
For the purposes of this European Standard, the units given in EN 764-2:2002 apply.

3.3 Symbols

Symbols used in this European Standard are listed in Table 3.3-1.
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Table 3.3-1 — Symbols

Symbol Quantity Unit

c Corrosion allowance mm

e Required thickness mm

€, Analysis thickness mm

€act Actual thickness mm

€min Minimum thickness as specified on drawing mm

E Modulus of elasticity MPa

f Nominal design stress MPa

F Fatigue factor related to 99,8 % survival _

P act Actual burst test pressure MPa2

P, Minimum required bursting pressure MPa?a

Py Design pressure MPa?

PS, P Maximum allowable pressure MPa@

PT, P Test pressure MPa @

RM Material strength parameter MPa

Roo2 0,2 %-proof strength MPa

R Tensile strength MPa

R Average tensile strength of 3 test bars taken from the | MPa
same lot or heat

TSmin. TSmax Minimum / maximum allowable temperature °C

T Calculation temperature °C

14 Volume L

Ce Wall thickness factor _

C+ Temperature factor _

Cqo Testing factor _

n Factor depending on shape of shell _

fs Thickness correction factor _

f Mean stress correction factor _

f Surface finish correction factor _

S Safety factor _

R Partial safety factor _

S Casting tolerance mm

£ Extra thickness due to casting process mm

v Poisson’s ratio _

@  MPa for calculation purpose only, otherwise the unit be bar (1 MPa = 10 bar)




CTB EN 13445-6-2009

3.4 Inter-relation of thicknesses definitions

€ e Cmin. €act

|
y y h 4

Key

e is therequired thickness

emin IS the minimum thickness including corrosion allowance as indicated on drawings
esqt IS the actual thickness

¢ is the corrosion allowance

¢ is the extra thickness due to casting process

§ is the casting tolerance

Figure 3.4-1 — Inter-relation of thicknesses definitions

4 Service conditions

4.1 Cyclic loading

Spheroidal graphite cast iron pressure vessels and vessel parts can be used for cyclic operation if the stress factor
is limited to 3. If the calculated number of cycles is close to a limit number of cycles mentioned in Table 4.1-1 below
to determine the need for fatigue analysis, a worst-case model shall be implemented for this determination.

If it is expected that under service conditions the maximum number of full pressure cycles will exceed the limit
number according to Table 4.1-1, or exceeds more than the equivalent number of cycles with smaller amplitude,
then a fatigue analysis shall be performed according to Annex D.
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Table 4.1-1 — Number of full pressure cycles for cyclic loading consideration

Maximum number of full pressure cycles without

Testing factor mandatory fatigue analysis according to Annex D

Ca=009 1000

40 000 if 2,5 < stress factor < 3
200 000 If stress factor < 2,5

Ca=08

NOTE 1  Atesting factor of 0,9 implies the application of higher nominal design stresses and consequently results in a lower
maximum number of full pressure cycles without mandatory fatigue analysis.

NOTE2 A stress factor (ratio of peak stress to fatigue stress) of more than 3, determined by any of the design methods
given in 5.2 can be the result of inappropriate design. By enlarging radii or other small changes, an acceptable design may be
generated.

For pressure cycles at a pressure difference AP, less than the full pressure, the number of equivalent full cycles is
given by Equation (4.1-1):

=N API 8,6
Neq =§ni [a] (4.1-1)
where

N is the total number of envisaged types of pressure cycles with different amplitude;

n; is the number of cycles of amplitude AP;

AP, is the pressure cycle amplitude;

P.ax is the maximum permissible pressure, as defined in 3.15 of EN 13445-3:2009.

4.2 Limitations on temperature and energy content

The minimum and maximum allowable temperatures 7S, and TSy, shall be in accordance with the limits given in
Tables 5.1-1 and 5.1-2.

The product PS - V for a single casting shall not exceed 100 000 bar-L.

5 Requirements

5.1 Materials

All cast iron grades subject to internal or external pressure shall comply with EN 1563 for ferritic spheroidal graphite
cast iron and EN 13835 for austenitic spheroidal graphite cast iron.

The ferritic material grades given in Table 5.1-1 shall be used for applications where the minimum allowable
temperature is higher or equal to — 10 °C.

The material grades listed in Table 5.1-2 are intended for low temperature or high temperature design conditions.
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Table 5.1-1 — Allowable material grades for usual design temperatures (-10 °C up to 300 °C)

P ———— — ——
Material standard Material designation ° Design temperature limits
Symbol Number c

EN-GJS-350-22 EN-JS1010 -10 < 7S <300

EN-GJS-350-22-RT EN-JS1014 -10 < TS <300

EN-GJS-350-22 U ® EN-JS1032 -10< 7S <300

EN 1563 EN-GJS-350-22U-RT ® EN-JS1029 -10 < 7S <300

EN-GJS-400-18 EN-J$1020 -10 < TS <300

EN-GJS-400-18-RT EN-JS1024 -10 < 7S <300

EN-GJS-400-18U ° EN-JS1062 -10 < T7S<300

EN-GJS-400-18U-RT ° EN-JS1059 -10< 7S <300

between 30 mm and 200 mm.

6).

b

particular material appraisal (PMA).

* Mechanical properties verified on test pieces from cast-on samples. These grades should be chosen in preference to the material grades with
the separately cast samples when the unit mass of the casting is equal to or greater than 2 000 kg or when the relevant wall thickness varies

The material grades listed in Table 5.1-1 and Table 5.1-2 may be produced in the as-cast or heat treated condition (see EN 1563:1997, Clause

When materials specified in these tables are not available, other suitable materials may be used when the technical documentation defining
the characteristics of the materials has been accepted in accordance with the requirements for European approval for materials (EAM) or

Table 5.1-2 — Allowable material grades for low or high temperature design conditions

P e e
Material designation ® . -
Material standard Design tem;:zrature limits
Symbol Number
EN-GJS-350-22-LT EN-JS1015 -40< 7S <300
EN-GJS-350-22U-LT ® EN-JS1019 -40< TS <300
EN 1563
EN-GJS-400-18-LT EN-JS1025 20 TS <300
EN-GJS-400-18U-LT ® EN-JS1049 20< TS <300
EN-GJSA-XNiMn23-4 EN-JS3021 -196 < TS <300
EN 13835 EN-GJSA-XNi22 EN-JS3041 -40< TS <540
EN-GJSA-XNiMn13-7 EN-JS3071 -40< TS <300

a

Mechanical properties verified on test pieces from cast-on samples. These grades should be chosen in preference to the material
grades with the separately cast samples when the unit mass of the casting is equal to or greater than 2 000 kg or when the relevant
wall thickness varies between 30 mm and 200 mm.

The material grades listed in Table 5.1-1 and Table 5.1-2 may be produced in the as-cast or heat treated condition (see
EN 1563:1997, Clause 6 and EN 13835:2002, Clause 6).

®  When materials specified in these tables are not available, other suitable materials may be used when the technical

documentation defining the characteristics of the materials has been accepted in accordance with the requirements for European

approval for materials (EAM) or particular material appraisal (PMA).
N
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Material grades EN-GJS-350-22-LT or EN-GJS-350-22U-LT can be used at design temperatures down to — 60 °C.
When used between (-40 £ 2) °C and (-60 % 2) °C, impact testing at the minimum design temperature shall be:

— mean value from 3 tests 12 J for ¢_, <60 mm;
— 10Jfor60 mms e, <200 mm;

— individuai vaiue 9 J for ¢, <60 mm and 7 J for60 mm< ¢, <200 mm.

The applicable requirements for the delivery conditions given in EN 1559-1:1997 and EN 1559-3:1997 shall also
apply.

NOTE The use of materials working in the creep domain is not applicable to this standard since stress ranges are limited to
elastic behaviour.

5.2 Design

5.2.1 Technical documentation

The manufacturer shall document those items listed in Clause 5 of EN 13445-5:2009 prior to fabrication.
5.2.2 Design methods

52211 Principle

The loadings to be accounted for shall be in accordance with EN 13445-3:2009, Clause 5.

The service conditions of Clause 4 shall be accounted for.

Design methods shall be in accordance with this European Standard and, when applicable, with the relevant
clauses of EN 13445-3:2009.

If the geometry of the component or the loading case do not allow calculation by the formulas given in
EN 13445-3:2009 and Annex G, design by analysis (DBA) (see Annex E) or design by experiment (DBE) shall be
applied.

Depending on the complexity of the component, the loading conditions and the level of NDT testing, the designer

may choose one of the following available design methods mentioned below. Guidance is given on the correlation
between safety factor, testing factor and the method to assess dynamic loading (see Table 5.2-1).

5.2.21.2 Static loading
In order to design the part for static loading, the following options can be considered by the designer.
5.2.21.3 Design by formula (DBF)

Equations for the calculation of the various components of the pressure part are given in EN 13445-3:2009 and
Annex G. Annex G gives additional equations for non-standard shaped parts often used in casting design.
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5.2.21.4 Design by analysis (DBA)
The following applies:
1) decide whether the direct route (limit load — EN 13445-3:2009, Annex B) or the stress categorisation
method (EN 13445-3:2009, Annex C) will be followed. Decide whether linear or non-linear approach will
be used;

2) base modelling and interpretation of calculation results shall be based on analysis thicknesses (e,) and
material characteristics at operation temperature;

3) for interpretation of calculation results, follow the evaluation procedures and assessment criteria in order

to evaluate the fitness for purpose of the real structure. These design checks and related procedures are
typical for the failure mode to be dealt with. For the different failure modes see EN 13445-3:2009.

5.2.21.5 Design by experiment (DBE)

Where design by equations according to EN 13445-3:2009 is not considered appropriate due to complex shape of
the component, then a hydraulic burst test to determine the analysis thickness ea and the minimum thickness emin
shall be performed according to the procedure in 5.2.2.1.6. This test is also a part of the technical documentation.
This design method may be used without additional calculations if Py - V < 6000 bar-L.

If Py - V>6000 barL forthe complete vessel, this method can be used in addition to DBA or DBF.

The minimum required thickness at a specific location is given by:

1
S-PS R, %
€0 =€ A (5-1)
Pb,act : RpO,Z ' (’Q : CT ' (’e
Cmin =€, T¢C (52
where
€act, is the minimum measured wall thickness at the specific location;
Rpo,2 is in accordance with Annex A;

P act is the actual obtained value of burst pressure or the highest pressure during the test;

n=1 for curved surfaces (cylinders, spheres) or cones with angles « < 60°, stayed surfaces and stressed
parts if bending stress is less than 2/3 of the total stress;

n=2 for all other surfaces.

5.2.21.6  Determination of the hydraulic burst pressure and maximum allowable pressure for static
loading

A random sample from the production of the vessel or vessel part shall be taken for the burst test or to determine
the maximum allowable working conditions. The procedure shall be as follows:
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1)

2)

3)

4)

3)

6)

7

8)

9)

10

verify that the part or vessel to be tested is cast according to the specified drawing and any revision
thereof. The material used shall be the same type and grade as for the production part;

verify that the part or vessel is machined to the same dimensions as the production part;

verify that the material properties meet the requirements of 5.1. For each casting used for the burst test, 3
test pieces for tensile testing, and, if applicable, for impact testing, shall be separately cast and tested.
The results and the calculated average tensile strength shall be certified in accordance with 8.5;

the wall thicknesses of the entire casting shall be measured (at least one measurement per
100 mm x 100 mm). The results shall be marked on the casting at the location of the measurement or on
the drawing;

verify that a calibrated pressure gauge is used; maximum tolerance shall conform to at least class 1 or
better according to EN 837-1 and EN 837-3. The scale of the pressure gauge shall be approximately 4/3
of the anticipated burst pressure;

the pressure shall be increased in a controlled manner until the minimum required burst pressure is
obtained:

R n
B, 2 FS. m@[ Cat ] (5-3)
f e c

min

The pressure shall be increased further in a controlled manner until rupture occurs. Record burst pressure
Py aot, test date, material specification, details of material, part number, and wall thickness e.; measured at
burst location. A relation with the actual burst pressure R, ... , which can be higher than P, on account of a
better stress distribution, and the maximum allowable pressure PS, can be deducted according the
converted Equation 5-3, replacing P, by Py at

[emin - CJ (5_4)

PS<P -
e

m(3) act

if a part fails to meet any of those requirements, a second identical production part may undergo the same
test procedure. If this second part meets the test requirements, this part may be accepted after
investigation of the cause of failure of the first part. If the second part does not meet the test requirements,
the design of the part shall be deemed not to conform to the specification;

during the burst test, it is acceptable for leaks and lack of pressure tightness to occur between flanged,
gasketted or bolted parts as long as the pressure P, can be reached during the test. It is acceptable for
gasket(s) to break during the burst test; their characteristics may be modified without unduly changing
flange load properties as long as their design meets the design rules of EN 13445-3:2009 for the
anticipated maximum allowable pressure Pg;

only for the test, bolts of higher mechanical strength than required by the design specification may be
accepted;
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10) when flanged connections are designed according to the requirements of EN 13445-3:2009 with respect
to minimum required thickness, minimum required bolt area and shape, it is acceptable, in order to reach
burst test pressure, to install extra bolts in addition to the number specified for production;

11) the rupture under test pressure or any hydraulic test shall not be performed by means of a construction on
a hydraulic press that can counteract the free shell bending under pressure.

5.2.21.7 Dynamic loading
If the number of full pressure cycles or equivalent full pressure cycles according to Equation (4.1-1) exceeds the
number of full pressure cycles for static loading considered in Table 4.1-1, a fatigue assessment of the complete

design is required. In order to design the part for dynamic loading, the following options can be considered by the
designer.

5.2.21.8  Simplified fatigue assessment (SFA)

A simplified fatigue assessment will return a value of maximum allowable number of equivalent pressure
fluctuations under service conditions. The assessment shall be performed according to Annex D.
A maximum stress factor of 3 is pre-supposed, unless for construction details as limited in Table D.1A where equal
or lower values than 3 may be used.

NOTE This Table D.1A may also be used for other metallic castings than spheroidal graphite cast iron (e.g. cast steel, cast
aluminium and so on).

5.2.21.9 Detailed fatigue assessment (DFA)

A detailed fatigue assessment returns a value of maximum allowable number of equivalent pressure fluctuations
using detailed stress analysis in service conditions. The assessment shall be performed according to Annex D.

5.2.2.1.10 Experimental fatigue assessment (EFA)

This method, as described in Annex H, shall be used if a theoretical stress analysis is inadequate or for which the
design analysis shows abnormal low fatigue life values indicating a too conservative approach by theory.

An evaluation of a part by experimental fatigue design is not required when a similar part underwent already such a
fatigue assessment and the data are available and transposable into the new design.

Cyclic loading shall be in accordance with EN 13445-3:2009, subclause 5.3.

This method does not take into account excessive wall thickness of the material, linings and all material, which
does not contribute to strength.

NOTE For vessels for which Py - V 2 8000 bar.L this experimental method may be used in addition to detailed fatigue
design.

11
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Table 5.2-1 — Determination of safety factor, testing factor and design method

i Design method Design assessment
Non tde?tructwe Safety factor S Testing factor Cq g g
esting Static loading dynamic loading
SFA
Not required 3,0 0,8 DFA
DBF EFA
DBA

DBE (SFA) @
Required 2,0 0,9 DFA
EFA

NOTE: DBF = design by formula
DBA = design by analysis
DBE = design by experiment
SFA = simplified fatigue analysis
DFA = detailed fatigue analysis
EFA = experimental fatigue analysis

28 notrecommended

5.2.2.2 Design conditions

The design stress for ferritic and for austenitic grades shall be calculated as follows:

R.,-C..C,-C
f=—"= TS RE (5.2-1)

where

0,2 % proof strength at calculation temperature:
Ryoom = Cr Ryos (5.2-2)
The temperature reduction factor Cy is:

for ferritic grades

Cr=1 for 7'< 20 °C (5.2-3)
C7=1-0,001 (7= 20) for 20 °C < 7'< 200 °C (5.2-4)
(720,82 for 200 °C < T'< 300 °C (5.2-5)

and for austenitic grades
Cr=1 for7<20°C (5.2-6)
Cr=1-0,0005 (T"-20) for20 °C < T< 540 °C (5.2-7)
Wall thickness reduction factor:

C, =1 for emin <60 mm (5.2-8)

12
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C, =08 for 60 < ey < 200 mm (5.2-9)

5.2.2.3 Testing conditions

The test pressure may exceed the value given in equation 7.2-1 either intentionally or occasionally. However, the
nominal design stress for testing conditions, fiest Shall not exceed the 0,2 % proof strength Rpo’2 /7, corrected with
the factor Cg at test temperature divided by the safety factor 1,33.

RpO,ZIT‘Est : Ce

fiest = 133 (5.2-10)

5.2.2.4 Reinforcement of openings in cylinders, flat ends, dished ends, cones, etc.
Reinforcement of openings in cylinders, flat ends, dished ends, cones, etc. shall be determined in accordance with

EN 13445-3:2009. When reinforcement is calculated with the area replacing method, the reinforcing length along
the vessel wall considered shall be < 2enqn to calculate the additional reinforcing area.

5.2.2.5 Design for external pressure

Design for external pressure shall be carried out according to EN 13445-3:2009, clause 8, where:

S =Ry Cy-C, (5.2-11)
and

§=35 5.2-12)
5.2.2.6 Fillet radius
The largest possible fillet radius shall be used for walls under internal or external pressure in accordance with good
foundry practice (fabrication tolerances are to be taken into account). Good foundry practice makes it sometimes
necessary to increase wall thickness and to choose a corresponding fillet radius. Parts cast according to this
European Standard therefore exhibit enhanced fatigue properties. It is important to verify that local stresses never

exceed the maximum permissible values, especially at changes in section thickness or at change in radii.

If it is not possible, for any reason, to avoid sudden changes in cross-section area, and the pressure bearing wall is
subject to cyclic loading, a taper of maximum ratio 1:3 from the thin wall to the thick wall shall be included.

All radii applied to a vessel part, including external cast lugs, support feet, etc. shall be greater than or equal to 1,5
times the thickness of the thinnest adjacent wall.

If, for any reason, a smaller radius is applied (as cast or after machining), the design verification shall be made by
DBA.
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5.3 Founding

§.3.1 General

The castings shall be free from surface and internal defects that might impair their usability. No excessive residual
stress shall be permitted to be built up in the casting that can impair the fracture behaviour or the fatigue life of the
casting. This can be achieved by allowing the casting sufficiently long cooling periods in the mould followed by
cooling in still air. The casting manufacturer shall document this cooling procedure (required cooling time) in a
process or work instruction. If this procedure to avoid excessive residual stresses cannot be complied with, a stress
relieving heat treatment shall be carried out, based on agreement between the parties concerned.

5.3.2 Welding

No production, repair or cosmetic welding shall be carried out on cast iron parts both in ferritic or austenitic grades,
which are manufactured according to this European Standard.

6 Material testing

6.1 General

All material tests as required by EN 1563 or EN 13835 shall be performed.

6.2 Frequency and number of tests

For each batch the amount of testing shall be, on each ladle treated for spheroidization or each heat treatment
batch:

— chemical analysis;

— one tensile test;

— one hardness test;

— impact testing, when required by material specification (consisting of 3 test pieces).

If the spheroidizing treatment is carried out in the mould, the same amount of testing for each 2 500 kg cast weight
of identical parts produced during the same day shall be carried out.

For series production of RT grades according to Table 5.1-1, the amount of impact testing can be reduced to one
test per day on the ladle with the highest silicon content.

The separately cast or cast—on test pieces shall be chosen according to EN 1563 or EN 13835. The test sample
size shall represent the wall thickness of the part (see EN 1563 or EN 13835 for size determination).

NOTE Cast-on test pieces are representative of the castings to which they are attached and their size depends on the
relevant wall thickness of the casting.

6.3 Chemical analysis

The methods used to determine the chemical composition of the material shall be in accordance with recognised
standards.

For ferritic spheroidal graphite cast iron the following elements shall be analysed: C, Si, Mn, P, S and Mg.
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For austenitic spheroidal graphite cast iron the following elements shall be analysed: C, Si, Mn, P, S, Mg, Cu and

Ni.

6.4 Graphite structure

Graphite morphology of the material shall comply with form VI and V in accordance with ENISO 945. The
verification of nodularity shall preferably be carried out either by microscopic examination or by an ultrasonic

method. Visual or computerised and/or automated methods are allowed.

When the ultrasonic method is used, the ultrasonic velocity shall be a minimum of 5 460 m/s using a calibrated
measuring device. If the velocity is less than 5 460 m/s, the nodularity may still be verified and approved using the
microscopic method on the worst test specimen. If the spheroidization is found acceptable, the material is
approved. When ultrasonic examination is used, the verification shall be carried out on the last cast metal of each

ladle.

6.5 Inspection documents

Inspection documents shall be in accordance with EN 764-5:2002, 4.3.3.

7 Testing and final assessment
7.1 Testing

711 General

All material tests of cast vessels and vessel parts, manufactured according to this part, shall be in accordance with

Table 7.1-1 and Table 7.1-2.

Table 7.1-1 — Summary of testing requirements

. Maanetic Ultra sonic Wall
Testing factor a?ticle testing/ Sectionin Visual thickness
Ca i an ection radiographic 9 inspection measure-
testing ment
0,8 . + + + +
Initial sample
0,9 + + + + +
0O-serie: pre- 0.8 - *+ (10 %) - + *
production 0,9 + + + (1 part) + +
0.8 - - - + +
Serial production
0,9 + - - + +
NOTE + = required, - = not required

7.1.2 Testing requirements for Cg = 0,8

Testing shall be carried out in accordance with the requirements and adopting the acceptance criteria given in

Table 7.1-2 for surface imperfections only.

7.1.3 Testing requirements for Cq=0,9

— At non critical zones: testing same as for Cq = 0,8 as given in 7.1.2;

— at critical zones: all castings shall be subjected to a magnetic particle inspection of all critical zones as

indicated on the drawing, without revealing any unacceptable imperfection.
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The last casting representing a batch of castings made from the same ladle or during the same day shall be
subjected to a radiographic examination or equivalent (see footnote ® in Table 7.1-2) of a zone indicated on the
drawing, without revealing any unacceptable imperfections.

Table 7.1-2 — Testing according testing factor

Testing factor

Ca=0,8 Ca=0,9

Location Complete part Non critical zone Critical zone

Surface imperfections

Requirement See 7.1.4
Cracks, laps, cold shot and non-fused chaplets are not permitted. See 7.1.5

Testing method Visual (both for Co= 0,8 and Cq= 0,9)

Testing frequency 100%

Imperfections close to the surface

Requirement No requirement No requirement See7.1.7

Testing method Not applicable. Not applicable. Magnetic particle testing for
ferritic grades.

Dye penetrant testing for
austenitic grades.

Testing frequency Not applicable. Not applicable. 100 %

Internal imperfections (micro and macro porosity)

|
I
i Requirement See 7.16 See7.1.6 See7.1.9
|

. (EN 12680-3, severity level 3) | (EN 12680-3, severity level 3)

: Testing method Ultrasonic testing/ sectioning | Ultrasonic testing/ sectioning Radiographic testing °

I

: Testing frequency Initial samples Initial samples Initial samples

| Random sampling production | Random sampling production | Last casting of each batch
: series * series *

According to agreement between the parties concerned.

Ultrasonic testing of castings may substitute radiographic testing following an agreement between the parties concemed.

7.1.4 Surface imperfections
Sand inclusions, slag inclusions and blowholes shall be limited as follows.
: For Cq = 0,8 and Cq =0,9 - non critical zone:
A maximum of five imperfections in a square 100 mm x 100 mm facing inwards or outwards shall be accepted.

- None of these shall cover an area larger than 100 mm? and the total area of the imperfections shall not exceed
200 mm2.
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The maximum permissible depth of an imperfection is such that the minimum wall thickness is maintained. Grinding
of such surface imperfections is permitted down to the minimum wall thickness indicated on the drawing.
Cq =0,9 - critical zone:

No imperfections are permitted within the critical zone. Grinding of surface imperfections is permitted down to the
minimum dimensions as indicated on the drawing, provided no stress concentration occurs.

7.1.5 Cracks, iaps, coid shut and non-fused chapieis
No visible cracks, laps, cold shuts or non-fused chaplets are permitted.

In case of doubt about the severity of the imperfection, liquid penetrant inspection according to EN 1371-1:1997
can be necessary.

7.1.6 Ultrasonic testing and/or sectioning

The ultrasonic testing shall be carried out in accordance with EN 12680-3:2003.

If ultrasonic testing is not feasible, sectioning shall be carried out to visually detect internal imperfections.
Imperfections shall not be permitted on the main pressure bearing part (casting section with minimum required wall
thickness specified on the drawing). However, micro shrinkage (centreline porosity) is permitted provided that all
mechanical properties in the material standard are fulfilled.

NOTE Micro shrinkage is defined as a cavity smaller than 0,5 mm.

On other parts of the casting imperfections which are centrally located and not covering an area of 300 mm? shall
be permitted, provided the minimum distance of the imperfection from the surface is a minimum of 1/3 of the wall
thickness or at least 3 mm. Imperfections are not permitted around drilled holes, or where holes are to be drilled,
within an area with a diameter of two times the diameter of the hole and concentric with the hole. Only micro

shrinkage on the centreline is accepted provided that the required mechanical characteristics of the material
standard are fulfilled.

7.1.7 Magnetic particle testing (only for ferritic grades)

The testing shall be carried out in accordance with EN 1369:1996. The maximum severity level shall be equal to or
better than SM 3 in Table 2 of EN 1369:1996 and LM4/AM4 in Table 4 of EN 1369:1996.

7.1.8 Penetrant testing

The testing shall be carried out in accordance with EN 1371-1:1997. The maximum severity level shall be equal to
or better than SP 02/CP 02 in Table 2 of EN 1371-1:1997 and LP 2/AP 2 in Table 3 of EN 1371-1:1997.

7.1.9 Radiographic testing

The testing shall be carried out in accordance with EN 12681:2003 on a film size at least 100 mm x 240 mm.
The following is not permitted at any size:

— mottling, inserts, cracks, hot tears;

— porosity > Type A Grade 5;
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— sand inclusions > Type B Grade 5;

— shrinkage > Type C Grade 5.

7.1.10 Surface roughness

Casting roughness or surface finish shall be approved by the purchaser on a sample casting. Production castings
shall have a surface roughness comparable to the approved sample.

The casting surface roughness shall, when required, be tested and specified according to EN 1370:1996 using
visual tactile comparators, or as specified by the manufacturer.

7.1.11 Minimum wall thickness

Castings shall be measured on specified locations in order to verify that the required minimum wall thickness has
been reached.

Results shall be recorded in an appendix to the material certificate.

The measurement shall be made by ultrasonic or any mechanical measuring devices with an accuracy in
accordance with indicated design tolerances.

7.1.12 Wall thickness tolerances
The casting manufacturer shall determine on a regular basis the wall thickness tolerance.
The wall thickness tolerance shall be given in accordance with ISO 8062-3:2003.

The casting tolerance grade to be applied depends on the casting process. The casting manufacturer shall prove
its capability to meet the agreed tolerances.

7.1.13 Other dimensions
A full dimensional examination shall be made on the initial samples.

During series production, relevant dimensions shall be inspected on a regular basis to guarantee conformity to the
drawing.

7.1.14 Qualification of testing personnel

The personnel carrying out testing shall be qualified as indicated in EN 13445-5:2009.
7.2 Final assessment

7.2.1 General

Final assessment shall be carried out according to EN 13445-5:2009, Clause 10, except for the standard hydraulic
test pressure.

7.2.2 Hydraulic test pressure

All pressure bearing spheroidal graphite cast iron parts shall be hydraulically tested with a test pressure, greater or
equal to:

b 1435

7.2-1
G (7.2-1)
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When the assembly consists of spheroidal graphite cast iron parts designed with different testing factors, the
highest test pressure shall be applied. It shall be checked that at the hydraulic test pressure no part exceeds the
allowable stress specified for that part, as defined in 5.2.2.3.

8 Pressure vessels constructed of a combination of parts in different materials

When spheroidal graphite cast iron parts are linked by non-permanent joining with other metallic parts fabricated by
welding, forging etc. to form a pressure vessel, the components made according to different fabrication techniques
shall satisfy design, inspection and test requirements of the relevant clauses of EN 13445-5:2009.

The assembled vessel shall satisfy the requirements for hydraulic testing at the pressure which is the highest test

pressure of the individual components of the assembly. It shall be checked that at the hydraulic test pressure no
component exceeds the allowable stress specified for that component.

9 Marking and documentation
9.1 Marking of castings

Pressure vessel castings and cast vessel parts, irrespective of the testing factor, shall be marked at least with the
following information, preferably in cast characters with a minimum height of 6 mm:

— casting manufacturer logo or identification;

— type or designation;

— material grade according to EN 1563:1997 or EN 13835:2002.

— cast date, mould or batch number;

— testing factor if Cq=0,9;

Cast characters, either standing proud, raised or embedded shall not cause any adverse effect on the strength,
static and dynamic stability or local stress concentration of the pressure vessel or vessel parts. The cast marking

described above may be replaced by a coded system agreed between the parties concerned, and may also be
hard stamped. Full traceability of the part to material and test certificates shall be guaranteed.

9.2 Name plate for the complete pressure vessel
The marking of the vessel shall be made according to EN 13445-5:2009, clause 11.
9.3 Documentation

The written declaration of compliance with the standard, records and other relevant documents shall be in
accordance with EN 13445-5:2009.
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Annex A

(normative)

Technical data for the design calculations

A.1 Purpose

This annex gives for the allowable standard material grades of ferritic and austenitic spheroidal graphite cast iron
for pressure vessels and vessel parts the corresponding relevant technical data, which shall be used for design
calculations. The material designation and corresponding requirements are in conformity with EN 1563 or EN
13835

If other materials according to 5.1, last sentence, are used, then the technical data used for calculation shall be

taken from the applicable European Approval for Materials (EAM) or Particular Material Appraisal (PMA).

A.2 Technical data

A.2.1 Ferritic spheroidal graphite cast iron according to EN 1563:1997

20

Table A.2.1-1 — Technical data of ferritic spheroidal graphite cast iron

Material designation 0,2% proof Modulus of . , ; Density
- Poisson’s ratio
strength elasticity
Reo.2 E M
Svmbol Number MPa 10° MPa ka/dm® |

EN-GJS-350-22 EN-JS$1010
EN-GJS-350-22-RT EN-JS1014
EN-GJS-350-22-LT EN-J51015 220
EN-GJS-350-22U EN-JS1032
EN-GJS-350-22U-RT | EN-JS1029
EN-GJS-350-22U-LT | EN-JS1019

169 0,275 71
EN-GJS-400-18 EN-JS1020 250
EN-GJS-400-18-RT EN-JS1024
EN-GJS-400-18-LT EN-JS1025 240
EN-GJS-400-18U EN-JS1062 250
EN-GJS-400-18U-RT | EN-JS1059
EN-GJS-400-18U-LT | EN-JS1049 240
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Table A.2.1-2 — Effect of design temperature on modulus of elasticity of ferritic spheroidal graphite cast

iron
Design temperature (°C) 20 100 150 200 250 300
Modulus of elasticity £ (10° MPa) 169 167 165 163 161 159
Poisscn’s ratio v 0,2750 02780 02795 02810 0,2825 0,284 0

A.2.2 Austenitic spheroidal graphite cast iron according to EN 13835:2002

Table A.2.2-1 — Technical data of austenitic spheroidal graphite cast iron

Material designation 0,2% proof Modulus of Poisson’s Density
strength elasticity ratio
RpO,Z E v
Symbol Number MPa 10° MPa kg/dm®
EN-GJSA-XNiMn23-4 | EN-JS3021 210 130 0,17 7,45
EN-GJSA-XNi22 EN-JS3041 170 100 0,17 7,40
EN-GJSA-XNiMn13-7 | EN-JS3071 210 145 0,17 7,30

Table A.2.2-2 — Effect of design temperature on modulus of elasticity of austenitic spheroidal graphite cast

iron
Design temperature Modulus gf elasticity
°C) E (10° MPa)
EN-GJSA-XNiMn23-4 EN-GJSA-XNi22 EN-GJSA-XNiMn13-7

20 130 100 145
100 128 98 143
150 127 97 141
200 125 96 140
250 124 95 138
300 123 94 137
350 NA 93 NA
400 NA 92 NA
450 NA 91 NA
500 NA 90 NA
540 NA 89 NA
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Annex B
(informative)

Ductility

The use of a ductile material such as ferritic or austenitic spheroidal graphite cast iron for applications involving
tensile loads requires load-related evaluation of the strength and toughness characteristics in relationship to the
operating temperature and the rate of loading with the aim of ensuring safety against brittle fracture under all
operating conditions.

Among others, the evaluation criteria for a design are based on the strength calculation and the establishment of
the nominal stress. Not only dynamically loaded components should be ensured that brittle fracture does not lead
to failure. Under conditions that promote brittle fracture it is possible that a fracture can be initiated at a component
stress lower than the yield strength and then lead to fracture through unstable crack propagation. It is only with a
sufficient and known fracture toughness or ductility that a material can guarantee the “Leak before fracture”
requirement of a component.

The notched bar impact test of spheroidal graphite cast iron is the usual method to determine safety against brittle
fracture. Impact energy or notch toughness or notched bar impact energy respectively are mostly used as a
measure for determining the toughness or lack of brittleness. Because it is not possible to separate the individual
mechanisms of the energy, such as plastic deformation, crack initiation and crack propagation, one uses the
instrumented notched bar impact test or the various methods of fracture mechanics. The latter are especially
suitable for larger components.

With the fracture mechanics concept, crack size and component stress are quantitatively linked together with a
material characteristic, which then is a measure to resistance to crack propagation. The objective is to determine
the critical crack size, or the stress that leads to an unstable crack path and to sudden failure of the component.

Linear-elastic fracture mechanics enable quantitative acquisition of the failure of crack-affected components as a
result of an unstable crack propagation with static loading or a stable crack propagation with cyclical loading. This
determined fracture toughness KIC establishes the material resistance to unstable crack propagation leading to
brittle fracture. With ductile materials this concept is only applicable at low temperatures or the presence of
embrittlement effects, e.g. through microstructure or large wall thickness.

General yielding fracture mechanics are used if elongated plastic deformation occurs ahead of the crack tip i.e. an
elasto-plastic material behaviour. Determination can firstly be by means of the CTOD concept (Crack Tip Opening
Displacement), in which the damage mechanism is controlled by the critical deformation at the crack tip.

With the J-integral concept a line integral is defined around the crack tip. Analogous with the previous concept one
obtains a material characteristic that defines resistance to the initiation of cracks.

In view of the foregoing comments it is understandable that, on its own, determination of the notch impact energy in
a ferritic spheroidal graphite cast iron in no way represents a suitable measure for comparing its toughness or
ductility with that of steel. This is because it is not possible to make any statement regarding the plastic
deformability and cracking behaviour of the material.

Contrary to this, the ferritic spheroidal graphite cast irons which have a notched bar impact energy of 12 J to 20 J,
have a crack initiation behaviour that corresponds with an unalloyed to a low alloy steel with a far higher notch
impact energy of around 50 J in the high position. The fracture toughness values of ferritic spheroidal graphite cast
iron results in elasto-plastic fracture behaviour even down to —60 °C, i.e. a tough fracture characteristic, so that the
KIC values are on the same level as with an unalloyed and low alloyed steel.
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Annex C
(informative)

Determination of the minimum local wall thickness and minimum required
burst test pressure

Equations used:

S-PS R, o
€, =€, - - .1
f)b,act : RpO,Z : CQ : CT ) Ce

Cmin 2 €5 +C (C.2

Rp0,2/20 1

__ (C.3)
Rppair Cr
Cy =1-0,001(7T -20) (C.4)
for ferritic grades
n
PS < Py por -L-[emin _CJ (C.5)
Rm(3) €act
Table C-1 — Data
Design data Calculated data Measured data
PS = 8 bar (0,8 MPa) Py =1,30 MPa Pp,act = 13 MPa (130 bar)
max. working pressure Design pressure actual burst pressure
€min =7 MM €,=3,69 mm Sact =_8 mm
minimum thickness on drawing analysis thickness actual measured \t,callcl:lkness at ruptured
c=1mm f=60 MPa, nominal design stress
T=120°C Ct = 0,9 temperature factor
S=3
Ca=0,8

n =1 (curved area)

Annex A design data

RpO,Z =250 MPa

Measured material data

Rpo,2 = 280 MPa actual proof strength

for EN-GJS-400-18

Rm(3) = 450 MPa average of actual
tensile strength on 3 test samples

Conclusion

P, design pressure = 1,3 MPa > PS : Satisfactory.

€act = 8,0 MM > €min = 7,0 mm > e, + ¢ = 3,69 + 1 = 4,69 mm; the wall thickness satisfies the maximum operating

conditions (PS = 8 bar or 0,8 MPa).
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Annex D
(normative)

Assessment of fatigue life

D.1 Purpose

D.1.1 This annex specifies requirements for the simplified and/or detailed assessment of fatigue life of pressure
equipment due to pressure fluctuations, additional stress by temperature changes in operating conditions or
additional induced stresses due to extemnal forces in the critical zones (for critical zone see definition 3.1.1).
Pressure equipment from spheroidal graphite cast irons shall be designed and manufactured according to this
European Standard, and the material grades according to Tables 5.1-1 and 5.1-2 shall be used.

D.1.2 The rules for the simplified assessment may be applied in case of internal pressure fluctuations only. The
detailed assessment concerns pressure fluctuations and possible other cyclic loads, such as additional stress by
rapid temperature changes in operation conditions or additional induced stresses due to external forces in the
critical zones (for critical zone definition see 3.1.1).

NOTE The rules for the simplified assessment are based on conservative assumptions. More accurate, less conservative
results can be obtained with the rules for the detailed assessment.

D.1.3 It is assumed that the vessel has been designed according to all requirements of EN 13445-6. This annex
only applies if the service conditions for static load consideration (see Clause 4, Table 4.1-1) are not fulfilled.

D.1.4 Fatigue cracks can propagate from surface imperfections located on the side opposite to pressure loading.
Acceptance criteria for these imperfections are given in 7.1. Evidence for possible failure under cyclic loading gives

the occurrence of a surface fatigue crack, which can be detected by applying an appropriate non-destructive test
method and which nature can be assessed by optical examination.

D.2 Specific definitions

See EN 13445-3:2009 and clause 3.

D.3 Specific symbols and abbreviations

The following symbols and abbreviations are in addition to those given in 3.3 and in EN 13445-3:2009, clause 4,
17.3 and 18.3.

Cc factor in equation of fatigue design curve for spheroidal graphite cast iron components;
me exponent in equation of fatigue design curve for spheroidal graphite cast iron components.
©max maximum local thickness (mm) of component at the location of a possible fatigue crack initiation
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D.4 Limitations

D.4.1 These rules apply to components designed by:
a) Formulae;

b) Finite Element Analysis

D.4.2 These rules apply only to components operating outside the creep range (i.e. when the nominal design
stress is time-independent).

D.4.3 The data on which these rules are based are valid for fatigue in non corrosive environment. It is assumed
that in the case of corrosive conditions precautions are taken i.e. corrosion allowance and / or surface protection.

D.5 General

D.5.1 AP shall be obtained by applying either the simplified cycle counting method described in
EN 13445-3:2009, 18.9.2 or the reservoir cycle counting method in EN 13445-3:2009, 18.9.3.

D.5.2 The calculations according to D.6 or D.7 shall be performed for the various components of the vessel. The
stress determination in castings is based on a stress analysis of notched parts. The lowest life obtained from each
component is the fatigue life of the vessel.

D.5.3 Any notch radius should be at least 1,5 times the adjacent minimum wall thickness in order to reduce the

local stress factor. To avoid abrupt section thickness transitions a taper ratio of 1:3 should be introduced as pointed
outin 5.2.2.6.

D.6 Simplified fatigue assessment
D.6.1 Pseudo-elastic stress range

The simplified assessment is based on the determination of a corrected pseudo-elastic stress range Ao in
conjunction with fatigue design curves as defined in D.6.3.

Ac* __APnf
Pmax 'fe ‘fT°

For simplification the maximum allowable pressure of the component (P..) may be set equal, either to the
maximum allowable pressure PS of the whole vessel, or to the calculation pressure P.

(D.6.1)

NOTE 1 These simplifications lead to more conservative results.

NOTE 2  Since f and Pmax in Equation (D.6.1) are taken at the calculation temperature, no consideration need to be given to
at which temperatures cycles occur.

NOTE 3  Pmex can be calculated in accordance with EN 13445-3:2009. When a calculation is not possible with a design by
formulae for the main pressure bearing parts, an experimental value according to this European Standard can be taken.

For each component the value of the stress factor 77 is obtained from Table D.1A of this Part.

For details which are not described in Table D.1A, a value for n of 3 shall be used, except if a lower value can be
justified by e.g. 3-D finite element stress analysis, experimental analysis, etc.
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NOTE 4 Itis nolonger required to use Table 17-1 from EN 13445-3:2009 substituting the weld joint factor z=1.

The correction factors 7, and /.. shall be determined as indicated in D.6.2.

A correction factor for surface finish and mean stress level is not required since this factor is already taken into
account in the fatigue design curves of D.6.3. The actual surface conditions should meet the requirements of 7.1.

D.6.2 Correction factors

D.6.2.1 Correction for wall thickness

0,182
P =[ 25 ] (D6.2)
emax

Jfo =1 for ema <25 mm (D.6.3)

For emax > 150 mm, the value of fe for emax = 150 mm applies.

D.6.2.2 Correction for temperature
The temperature correction factor fr«is given by:
— for ferritic materials:

fr=103-15-10%.T*-1,5-10°.7* (D.6.4)
— for austenitic materials:

fr =1,043-43.10"*-7* (D.6.5)
where the mean cycle temperature is:

*=075-7, +025-T . (D.6.6)

fr« =1 for temperatures 7' *< 100 °C,. (D6.7)

D.6.3 Fatigue design curves

The fatigue design curves given in Figure D.1 are described by the following equation:

C,
Q C
Aog = o lim,
09 N™

(D.6.8)
where
Cc and mg are constants whose values are given in Table D.1.

For constant amplitude loading, the endurance limit Aop (i.e. stress range below which the fatigue life can be
assumed to be infinite) corresponds to the stress range Aok at 2 x 10° cycles.
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The clotted lines in Figure D.1 apply only to cumulative damage calculations (Equation D.8.1) under variable
amplitude loading which includes stress ranges larger than [Job- The curves end at N = 108 cycles. The
corresponding stress range is the cut-off limit 430t For appropriate values of Aoc,i see Table D.1 The fictitious
stress ranges below this limit g<rGlLare assumed to be non-damaging in fatigue for the pressure equipment.

Table D.1 — Coefficients of the fatigue design curves for spheroidal graphite cast iron grades- simplified
assessment

Allowable stress range at N cycles
Constants of curve Aor - N (3

MPa
Material 103<N<2* 106 2 x 106<N < 109 Ca=09 Cq=08
lmc Cc Mmc Cc atgi(iOe ;dlﬁog at'gig oe a'at"hnl@

EN-GJS-400-18 0,116 786 01 623 146 99 130 88
EN-GJS-350-22 0,116 731 01 579 136 92 121 81
EN-GJSA-XNiMn23-4 0,116 714 01 566 133 89 118 79
EN-GJSA-XNi22 0,116 642 01 507 119 80 106 7
EN-GJSA-XNiMn13-7 0,116 714 01 566 133 89 118 79

(@ For E according to Table A.21-1 and Table A.2.2-1.

Figure D.1 — Fatigue design curves for ferritic and austenitic spheroidal graphite cast iron grades at
ambient temperature - Simplified assessment
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NOTE1  These fatigue design curves have been derived from those given in D.7 for detailed assessment (Figure D.2). They
incorporate the notch effect of all local stress concentrations whose K factor does not exceed approximately 2 Instead of 2,
also the more accurate value of 1, 88 may be used This value is the ratio of the endurance limit of the design curves in figure
D.2 over that in figure D.1.For the definition of the theoretical stress factor K1, see D.7.1, equation D.7.3). They are valid for
the same probability of survival, i.e. Ps > 97, 7%.

The value of # is obtained from Table D.1A for each vessel detail. It is an upper bound of the following ratio:

maximum structural stress in the detail at P_,_

n= . . .
nominal design stress at calculating temperature

To assess the fatigue life of a detail not covered by Table D.1A, the 77 value shall be obtained through an estimate
of the maximum structural stress in the detail under pressure P,__.

For simplification, the maximum value 77 for the whole vessel can be assumed to apply for any detail.

NOTE 2 These values apply equally for any cast part made from metallic material (cast steel, cast aluminium, etc..) since it is
independent from the material.

Table D.1A — Stress factor 77and associated maximum pressure for typical cast constructions

Maximum Stress

permissible | conditions | factor
pressure n

P

max

Detail description Detail

Cylindrical
shell:
EN 13445-
3:2009,
equation
(7.4.3)
Left intentionally blank 1,0
Conical
Shell:
EN 13445-
3:2009,
equation
(7.6.4)

Cylindrical or conical
shells

a2

<0.4-
Pad for data plate on b<0,4-D

cylindrical or conical
shell

As for shell

details 11

<2-e

«Q
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Table D.1A (continued)
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Detail
description

Tangential
inlet/outlet in
cylindrical or
conical shell

Flange
without hub

Torispherical
end knuckle
region

30

Table D.1A (continued)

Maximum
Detall permissible
pressure

1>

As for shell
details

See
EN 13445-
3:20009,
Clause 11
or Annex
Ga

See
EN 13445-
3:20009,
Clause 11
or
Annex Ga

See
EN 13445-
3:2009,
equation
(7.5-7)b

Stress
Conditions factor
[
e >2e
2,5
3-d<w<s d
17>3 (*, -g 0)
4ef >#, > 2 ga
#i =gn 20
h =
RH\ <0,8
r/D- >0,15
Other parameters
according EN 13445- 2.50

3:2009 Clause
7.5.3.1



Detail
description

Reinforced
opening in
torispherical
end

Opening for
drain in
torispherical
end

Flat end
knuckle
region

Opening in
flat end

Separation
rib in dished
cover

Table D.1A (continued)

Maximum

Detail permissible

pressure PTx

As for
torispherical
end detalil

As for
torispherical
end detail

See
EN 13445-
3:2009
y A~ Clause 10¢c

As for cover
detail, see
Annex G

CTB EN 13445-6-2009

. Stress
Conditions factor 1]
en>2e

2,0
d>2d
3,0
r>\3eg d 15
U -tfar >/e>* . 3,0
See EN 13445-
3:20009, 2,0
Clause 10.6,1
el >ef 11

NOTE eaf is the analysis thickness of flat end calculated without opening (see EN 13445 -3:2009 Clause 10.4.3)

a The maximum calculation pressure is not given explicitly in EN 13445-3:2009 Clause 11. It shall be calculated as the pressure which gives

stresses to their allowable limits, or in EN 13445-3:2009 Annex G a load ratio equal to 1,0. As a conservative simplification Pm may be taken

"design-

b  For use within the present clause PjmX is taken as equal to Py given by equation 7.5-7 in EN 13445-3:2009. The other possible

determinations Ps and Ph (given by equations 7.5-6 and 7.5-8 respectively) are not relevant here.

¢ The maximum calculation pressure is that of the flat end (not that of the adjacent cylindrical shell). In formula D.6-1, the value f to be
introduced is the lowest of that for the end and that for the shell.

d Since no explicit formula is given for Pmaxin EN 13445-3:2009 Clause 10 Pmex shall be calculated as the pressure which gives the

required end thickness equal to the analysis thickness. As a conservative simplification Prrilx may be taken as / jcsign .

e J) Is the vessel internal diameter
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D.6.4 Allowable number of cycles

In order to obtain the allowable number of load cycles N, at a specified stress range 4c*, the following shall be
calculated:

N_[C_Q. Ce ] (D.6.9)

0,9 Ac®
The value for Ac* shall be calculated using Equation (D.6.1)
D.6.5 Allowable stress range Ao

Alternatively, to obtain the allowable stress range Ao for a specified number of applied load cycles N

Ao < Aok - f, -fT. (D.6.10)
where
R =59 T lm
09 plime (D.6.11)

fe and f,. shall be calculated according to D.6.2.

D.7 Detailed fatigue assessment

D.7.1 Pseudo-elastic stress ranges
According to the method described in EN 13445-3:2009, Clause 18 for un-welded components the values of the
maximum equivalent stress range Aaeq and the structural stress range AO'eq,mcare determined using a detailed

numerical calculation method. From these values the corrected equivalent effective notch stress range Ao " can be
obtained by use of K :

A
AG® =Ky oSt (D.7.1)
Ss Se S1 Im
where
Koy 1+ 15 (Ky ‘1/10 <Ky (0.7.2)
1+0,5-M4X{1;KT ﬂ}
AO'D

A
Ky=—"%_ (D73)
A‘7(-,"q,struc

where

Aoy s the endurance limit for N> 2 x 10° cycles from Table D.2.
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It is conservative to assume Ker = Kr. The correction factors £, f,, f;. and f,, shall be determined as indicated
in D.7.2.

D.7.2 Corrections to stress range

D.7.2.1 Correction for wall thickness

A fe _ [’.e(o,lmeo,%S) ({D.7.4)
where
25 0,182
£ =[ ] (D.7.5)
emax
where

fe =1 for emax < 25 mm.

Fore_,, >150mm, the value of f, for e, =150 mm applies

D.7.2.2 Correction for temperature
The temperature correction factor fr«is given in D.6.2.2.

D.7.2.3 Surface finish correction factor

In order to keep local stresses low, a finer surface finish due to appropriate moulding techniques is advantageous
on the side opposite to the fluctuating pressure.

£ = F (0.1 N—-0,465) (D.7.6)
where
F,=1-0,03-1n(R))- ln(ﬁj (0.7.7)
200

f.=F if N>2-10°

where
R; is the peak-to-valley height in um. (Set R; = 200 if not specified.)
D.7.2.4 Correction for mean stress

The mean stress correction factor £, is to be determined from EN 13445-3:2009, 18.11.1.3. However the mean
stress sensitivity factor M for spheroidal graphite cast iron grades according this European Standard is:

AL =0,00035-R,, +0,08 (D.7.8)

33



CTB EN 13445-6-2009

D.7.2.5 Plasticity correction factors

Correction factors for mechanical %, and thermal £, loadings in the hyper plastic range can be ignored, as a result

of the high safety factors on 0,2 % proof strength used for the calculation of the nominal design stress in EN 13445-
6:2009 together with structural stresses never exceeding 3f.

D.7.3 Fatigue design curves

The fatigue design curves given in Figure D.2 are described by the following equation:

CQ Cc

TR (D.7.9)

Aoy =

where
Cc and mi are constants whose values are given in Table D.2.

Table D.2 — Coefficients of the fatigue design curves for spheroidal graphite cast iron grades - detailed

assessment
Constants of curve Acg - N (%) Allowable stress range at N cycles
MPa
Material 10°<N<2x10° 2x10°< N < 10° Ca=0,9 Ca=0,8
Aob Aocut Aop Adeut
Vime Ce Vime Co  lat2x10°| at10® |at2x10°| at10®
EN-GJS-400-18 0,10 1173 0,10 1173 275 186 244 165
. EN-GJS-350-22 0,10 1091 0,10 1091 256 173 227 154
i EN-GJSA-XNiMn23-4 0,10 1065 0,10 1065 249 168 222 150
; EN-GJSA-XNi22 0,10 957 0,10 957 224 151 199 135
X EN_GJSA-XNiMn13-7 0,10 1065 0,10 1 065 249 168 222 150
! (%) For E according Table A.1 and Table A.3.
|
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N

Figure D.2 — Fatigue design curves for ferritic and austenitic spheroidal graphite cast iron grades at
ambient temperature - Detailed assessment

NOTE The fatigue design curves in Figure D.2 have been derived from data (See ref [1]) obtained from un-notched test
pieces of spheroidal graphite cast iron grade EN-GJS-400-18 from axial and bending fatigue tests performed under load control
or. for applied strains exceeding yield (low cycle fatigue), under strain control. The allowable stresses have been derived from
the mean results by applying safety factors of 5 on fatigue life and 1,3 on stress range. The resulting design curves embody a
probability of survival Ps of at least 97, 7%.

The dotted lines in Figure D.2 apply only to cumulative damage calculations (Equation D.8.1) under variable
amplitude loading which includes stress ranges larger than [O<0. The curves end at N = 108 cycles. The

corresponding stress range is the cut-off limit Aocu. For appropriate values of AcrQ( see Table D.2. The stress
ranges below this limit Aocut are assumed to be non-damaging in fatigue for the pressure equipment.

D.7.4 Allowable number of cycles

In order to obtain the allowable number of load cycles N, at a specified stress range Ac?, the following shall be
calculated:

( Vv = f ( D . 7 . 1 0 )

[0,9 Ao")

The value for Ac? shall be calculated using Equation (D.7.1).
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D.7.5 Allowable stress range

Alternatively, in order to obtain the allowable structural stress range Ao, .. for a specified number of applied
load cycles N:

AG g struc SATR fo fs-Toy T [ Kegr ©.7.11)
where

f. . 1., an and f.. shall be calculated according to D.7.2. K is calculated from Equation (D.7.2) or
conservatively set equalto Ky .

D.8 Assessment rule for total fatigue damage

The total fatigue damage index due to the cumulative effect of cycles of variable amplitude loading, forming a
specified design stress range spectrum, is calculated as follows:

D= ’_(n—‘zn—‘+ nf L (D.8.1)
iN, N, N, N,

Where n; are the numbers of cycles of each stress range (Ac*); applied during the design life of the vessel, and N,
are the allowable number of cycles corresponding to that stress range, obtained in accordance with D.6.4 or D.7.4
from the appropriate fatigue design curve.
The design is acceptable if the following condition is met:

D<1 (D.8.2)

If D > 1, the condition is not met and the design shall be modified.

D.9 Repairs of surface imperfections

If an unacceptable surface imperfection occurs which does not meet the requirements of 7.1, an improvement can
only be made by grinding. The minimum actual required thickness shall be calculated according to this annex,
taken into account all clauses of this European Standard about the design requirements. Welding is not allowed, as
has been stated in 5.3-2.
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Annex E
(normative)

Design by analysis for castings

E.1 Introduction

For cast iron pressure vessels the general procedures and corresponding rules as covered by:
— Annex B “Design by Analysis — Direct Route“ and

— Annex C “Design by Analysis — Method based on stress categories”

of EN 13445-3:2009 shall be modified as follows.

E.2 Special requirements to EN 13445-3:2009, Annex B

E.2.1 Addition to B.8.2.3: Design checks for normal operating load cases

Material strength parameters (RM) and partial safety factors (yg ) shall be as given in following table:

Tabie E.i — RM and yg for normai operating load cases

Material RM R
Spheroidal graphite R
castiron po2IT 1.67/(C, C,)

2 For allowable material grades see Table 5.1-1 and Table 5.1-2.

E.2.2 Addition to B.8.2.4: Design checks for testing load cases

RM and y shall be as given in following table:

Table E.2 — RMand yR for testing load cases

Material RM R
Spheroidal raphite ~
capst iron 2 arap Rp“;'Z/Ttest 1,33 /(,e

*  For allowable material grades see Table 5.1-1 and Table 5.1-2.

E.3 Additions to EN13445-3:2009, Annex C

The symbol “f used in C.7. “Assessment criteria“ is defined in 5.2.2.2.
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E.4 Requirements

Design by analysis calculations shall include the following:

38

a detailed description of the numerical method used, including the name and version of computer software, if
applicable;

description of model geometry (including element type for finite element analysis);
loading conditions and boundary conditions used to address the load cases in the User’'s Design Specification;

material characteristics used for all required physical properties (i.e. modulus of elasticity, Poisson’s ratio,
thermal expansion coefficient, thermal conductivity, thermal diffusivity), strength parameters (i.e. yield and
tensile strength), and the design membrane stress intensity;

description of whether material nonlinearity is utilized in the analysis including a description of the material
model (i.e. stress-strain curve and cyclic stress-strain curve);

description of the numerical analysis procedure (i.e. static analysis, buckling analysis, natural frequency
analysis, dynamic analysis) and whether geometrically linear or non-linear option is invoked;

Graphical display of relevant results (i.e. numerical model, deformed plots, and contour plots of thermal and
stress results);

method used to validate the numerical model (i.e. mesh sensitivity review and equilibrium check for finite
element analysis, e.g. check of hoop stress in a component away from structural discontinuity and a check to
ensure that global equilibrium is achieved between applied loads and reactions at specified boundary
conditions);

description of processing the numerical analysis results in order to obtain final results (i.e. stress linearization
method, use of centroidal or nodal values for stress, strain, and temperature resuits);

a summary of the numerical analysis results showing the acceptance criteria utilized to meet the requirements
of this European Standard;

electronic storage of analysis results including input files and output files that contain numerical analysis
results utilized to demonstrate code compliance.
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Annex F
(informative)

Recommandations for in-service validation and inspection

F.1 Purpose

This annex gives recommendations for the continued acceptance of cast equipment made according to this
European Standard.

The instructions for use issued by the manufacturer may contain requirements for in-service inspections and may
contain recommendations for re-inspections depending on the design, service and required service life.

F.2 Tests during operation

Every pressure vessel or pressure vessel part should be externally and, if necessary, internally inspected (by non-
destructive methods) at a period not later than the calculated allowable fatigue lifetime according to
Annex D. If the lifetime due to normal service conditions is considered to be infinite by the manufacturer an
inspection shall be made after 10 years of service when no adverse situation has been signalled from the operator
or the inspector to the manufacturer.

NOTE 1  This time corresponds to the allowable number of cycles when the design stress range spectrum includes only one
type of cycle. For more complex loading spectra, it corresponds to the time when a total fatigue damage index of 0,5 (see
definition in Annex D) has been reached.

The operator should record the number of load cycles in use in a suitable way and, if necessary, arrange for internal or external
inspections.

NOTEZ2  The records can indicate a need for a sooner inspection interval than originally laid down. If no records exist, the
inspector may choose the least favourable occurring condition during operation of the vessel or vessel part.

NOTE 3  Longer inspection intervals may possibly result from calculations according to Annex D with a detailed assessment
of fatigue life than from the simplified fatigue assessment method.

NOTE4 A damage to be expected can also be found in non-pressure bearing parts such as intersections between
supporting lugs and vessel wall which might induce fatigue crack initiation and consequently reduce the life of the pressure part.

If no record exists the number of load cycles may be estimated in normal operating conditions and agreed upon
between the user and the inspector.

For pressure vessels subject to cyclic loading, in-service inspections are of particular importance to detect incipient
damage in good time. Therefore, the internal inspections should be supplemented by non-destructive tests on
highly stressed locations, especially by test methods suitable to detect surface cracks.

For monitoring inaccessible areas, ultrasonic testing from the outside surface of the vessel is recommended.

If the operating conditions deviate greatly from those assumed in the calculation according to Annex D in terms of a

greater cyclic loading, or if damage of the vessel wall is to be expected before the end of the inspection intervals
owing to other operating influences, the inspection intervals should be shortened.
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Conversely, if no incipient cracks are detected during the regular inspections, the vessel can be operated further up
to the next inspection in the interval laid down or agreed, even if the allowable lifetime as calculated according to
Annex D has already been reached or has been exceeded.

F.3 Measures to be taken when the calculated allowable fatigue lifetime has been
reached

F.3.1 General

If the allowable fatigue lifetime for a vessel or component, determined by calculation according to Annex D or by
experiment according to Annex H, shows an infinite lifetime by calculation or experimentation, no non-destructive
tests have to be carried out when the vessel or vessel part has been working at no higher than the design
conditions where it was intended for.

If the allowable fatigue lifetime of the component given in the operating instructions has been reached (i.e. if the
allowable number of cycles has been reached different from an infinite number of cycles or if the total fatigue
damage index according to Annex D has reached the value 1, non-destructive tests should be performed as
completely as possible concentrating on highly stressed locations and critical zones.

If no cracks are detected by the non-destructive tests conducted in the inspection intervals and in the test above,
continued operation may be allowed.

If cracks or crack-like defects or other more extensive damage are found, the component or the structural element

concerned should be replaced, unless continued operation appears admissible after verification by appropriate
measures.

F.3.2 Testing of vessels and pressure parts at end of life without indicated damages

When the number of equivalent full pressure cycles has reached the end of life, a pressure test should be
performed when deemed necessary for certain service parameters. For the method of testing see next paragraph.

F.3.3 Hydraulic testing of vessels and vessel parts with indicated damages

When the number of equivalent full pressure cycles has reached the end of life, a hydraulic pressure test should be
performed. The time held shall be at least sufficient to perform a complete inspection with a minimum time of
10 min irrespective of part size.

If the test is successfully passed, then the operation can be continued.

When indicated damages are visible before the number of equivalent full pressure cycles has been reached, a

reconsidering of the design may be necessary, either to choose another material grade, to lower design parameters
or to verify if all possible load cases have been considered.
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Annex G
(normative)

Specific design requirements

G.1 Scope

This annex will give requirements to the designers in detail designs of cast nodular parts to determine the required
thickness by formulae of uncommon shapes, not included in EN 13445-3:2009 but frequently used in cast design.

NOTE This Annex G contains only one example of flange design, but may be extended with other construction details
when such is indicated by the manufacturers and no specific DBF rules are given in EN 13445-3:2009. Odd shapes can always
be verified by DBA design methods, but are often more expensive.

This design rule is applied to cast dished covers without the knuckle radius, subject to pressure, for which the
following conditions are satisfied.

Figure G.1 — Cast dished cover

A > 20°and

Ai ™ 115 -l K where

R < 1000 mm.

The spherical part needs to be above the flange horizontal half centreline.

G.2 Design

G.2.1 General
Calculation of nominal design stress according 5.2.

Bolt loads and areas, calculation according 11.4.3 and 11.5.2 of EN 13445-3:2009.
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G.2.2 Cover thickness, pressure to convex side

-085.2 %~ G.2-1
e, =0, G ( )

G.2.3 Pressure to concave side

If the pressure on the convex side is larger than on the concave side the thickness of the crown shall not be less

than
e, =1,65-R- | P qE " (G.2-2)

where

n is determined according to the table below. Intermediate values are obtained by linear interpolation.

Table G.1 — Form factor

ec/R n
0,001 55
0,003 4,0
0,005 3,7
0,01 3,5
0,1 3,0

G.2.4 Flange thickness

For metal to metal contact and O-ring gaskets:

(G.2-3)
For gaskets inside the bolt circle diameter
W, -
o =11 [ . OB (G.2-4)
f A4-B-d
where

n is the number of bolts;

W, is the operating force determined by EN 13445-3:2009, Clause 11.
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Annex H
(normative)

Experimental cyclic pressure testing procedure

H.1 Purpose

This annex gives requirements for the fatigue testing of pressure vessels or pressure vessel parts in cases where a
fatigue assessment cannot be adequately performed due to special shape or lack of experience.

All the requirements given form a consistent set which should be applied as a whole. This test is also a part of the
technical documentation.

H.2 Validity
The fabrication of pressure vessels or vessel parts presumes that the manufacturer intending the production has
acquired the necessary competence and sufficient experience to manufacture according to the specified standard.

This means that tests, performed by the manufacturer or a recognised laboratory are only valid for the same
manufacturer producing the production parts with the same casting process.

H.3 Tests requirements

H.3.1 General
Test conditions shall be deduced from the maximum operating conditions. When a pressure part is subject to cyclic

pressure testing at ambient temperature, and when TS;.x and TSy, differs from the test temperature, test pressure
shall be increased by 1/f- according eq. D.6-3 for ferritic grades and D.6.4 for austenitic grades.

H.3.2 Number of parts

Random samples taken from production of the vessel or vessel part shall be used for fatigue test to determine the
allowable number of load cycles. This is called the fatigue batch.

H.3.3 Procedure

— Verify that the vessels or vessel parts to be tested are in accordance with the appropriate drawing and
specification.

— Verify that the vessel or vessel part is machined to the same dimensions and tolerance specifications as the
production part.

— Verify that a calibrated pressure gauge is used; maximum tolerance shall conform to at least class 1 or better
according to EN 837-1:1996 and EN 837-3:1996.

— The scale of the pressure gauge shall be approximately 4/3 of the anticipated maximum cyclic test pressure.
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The following test set-up may be used for a layout.

g A~ W N

o

Key
pressure regulation 7 Pmin
air tank 8 pressure pulse frequency
variable pressure 9 three way valve
constant pressure 10 membrane

air circuit as short as possible 11 cycle counter

P rnak

12 water level detector

Figure H.1 — Test set-up

Pressure cycling shall be performed in accordance with the following procedure:

fill the pressure part to be tested with a non-corrosive fluid such as oil, inhibited water or glycol;

vent all air pockets.

The rate of pressurization shall not exceed 14 bar/s. If, for pressure in excess of 80 % of the design burst
pressure, the rate of pressurization exceeds 3,5 bar/s, then either the temperature shall be recorded to
show no abnormal or excessive heating of the vessel, or there shall be a 5 s hold at the next pressure

pulse.

Ensure that the number of pressure cycles shall not exceed 10 cycles/min.

It is not acceptable that, during the test, leaks and lack of tightness occur between flanged, gasketed or bolted
parts.
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The test shall not be performed by means of a clamped construction on a hydraulic press which can counteract the
shell bending stress resulting in no free movement of the wall under pressure.

The number of cycles to failure shall be reported, along with the location and description of the failure initiation.

H.3.4 Material tests

The following tests and examinations shall be carried out on each vessel submitted for approval tests:
— a hydraulic pressure test according to 7.2.1 shall be carried out prior to the cyclic pressure testing;
— visual examination in the final condition according to 7.1.1;

— magnetic particle inspection (only for ferritic grades). The inspection shall be carried out in accordance with
EN 1369:1996;

— after the test a material sample shall be taken from the location where the fatigue crack occurred. The
following tests shall be carried out:

a) thickness measurement;
b) microstructure investigation;

c) analysis of the type of fracture.

H.4 Allowable number of cycles

To decrease the test time a higher cyclic pressure than the maximum allowable pressure can be applied. Three or
more tests are required. In each test the pressure shall be cycled between the minimum value given by the
installation P, and £ where the elasticity limit is expected to be reached for the most stressed vessel

component. In most designs, 2- PS < P <min(F,,.,3 - PS).

max exp ax >

If the required fatigue life exceeds 10000 cycles, it is permissible to accelerate the test by applying a higher cyclic
pressure range AP where AP =P

max exp min *

The geometric mean fatigue life (in cycles) obtained shall not be less than

N, o= UES] ‘N, F (H.4-1)

where

N is the geometric mean fatigue life obtained from the tests;

c.gm
N,,_,q is the required number of full pressure cycles;
PS is the maximum allowable pressure ( MPa)

AP is the pressure range in fatigue test

m, is the exponent in the equations describing the fatigue design curves

F is atest factor
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NOTE N ,,, should be a lower value compared with N, . If the value is still too high one could used a higher AP or

c.gm

a larger amount of samples.

The test factor F depends on the required probability of survival, the number of test results and the standand
deviation oflog N, o . For consistency with the design Acg — N curves for spheroidal graphite cast iron Annex D of
this standard, the required probability of survival is 97, 7 %.A selection of values of k , which correspond to 95 %
confidence in 97,7 % survivability are given in Table H.1. Values for other numbers of tests may be obtained from

ISO 12107.

Table H.1 — Values of k with number of test specimen

Number of tests

k

3

9,1

6,1

5,0

44

1

4,0

3,8

4
5
6
7
8
9

3,6

10

35

)

F is derived using the one-sided tolerance limit factor, k , such that:

F =10ko

The standard deviation of fog N may be obtained from these tests or other representative tests.

NOTE The standard deviation of log N is a measure of the scatter in fatigue lives obtained from a number of fatigue tests.

Values of F for a standard deviation of 0,222, which is the largest value found from fatigue tests of spheroidal

graphite cast iron pressure vessels, are given in Table H2.

Table H.2 — Values of F

Number of tests

F

3

105,3

226

12,6

9,4

7,8

6,9

o|jlo|lN|OOD]J]O| D

6,3

—
o
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If a lower value for the standard deviation of Jog N =0,222 is obtained in the test, it may be applied.
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Annex Y
(informative)

Differences between EN 13445-6:2002 and EN 13445-6:2009

The 2009 edition of EN 13445-6 contains the 2002 edition of the standard and all Amendments and corrections
issued in the meantime.

The most important changes include:

Inclusion of austenitic cast iron;

Update of material properties;

Increase of allowable design parameters and maximum energy content;

Redefinition of equivalent full pressure cycles for static loading;

Inclusion of design by analysis for castings;

Introduction of dynamic loading for spheroidal graphite cast iron;

Inclusion of assessment of fatigue life, including an experimental cyclic pressure testing loading;

Inclusion of specific design requirements frequently used in cast design;
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Annex ZA
(informative)

Relationship between this European Standard and the Essential
Requirements of the EU Pressure Equipment Directive 97/23/EC

This European Standard has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association to provide a means of conforming to Essential Requirements of the New

Approach Pressure Equipment Directive 97/23/EC.

Once this standard is cited in the Official Journal of the European Union under that Directive and has been
implemented as a national standard in at least one Member State, compliance with the clauses of this standard
given in Table ZA.1 confers, within the limits of the scope of this standard, a presumption of conformity with the

corresponding Essential Requirements of that Directive and associated EFTA regulations.

Table ZA.1 — Correspondence between this European Standard and Pressure Equipment Directive

97/23/EC
Clause(s)/subclause(s) of Essential Requirements (ERs) of Qualifying remarks/Notes
this EN Pressure Equipment Directive
97/23/EC
4.1,4.2,5.2, Annex D, Annex E, | 2.2.3 Calculation method
Annex G
32.2.1.5 and 5.2.2.1.6, Annex | 2.2.4 Experimental design method
53,6, 71 3.1 Manufacturing procedures
9.1 3.1.5 Traceability
7.2 32 Final assessment
7.1 3.21 Testing
722 322 Proof test
9 3.3 Marking
5.1, Annex A 4.1 Materials for pressurized parts

WARNING: Other requirements and other EU Directives may be applicable to the product(s) falling within the

scope of this standard.
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Mpunoxexue O.A
(cnpaBo4Hoe)

MepeBon esponeickoro cranaaprta EN 13445-6:2009 Ha pycckui A3bIK

1 O6nacTb NnpUMeHeHun

Hacrosiuuii eBponeiickuid ctaHpapT yctaHasnueaeT TpeGoBaHUsi K KOHCTPYKUUK, MaTepuanam, Usro-
TOBMEHUIO M UCTBITaHUAM COCYI0B U ANEMEHTOB COCYAO0B, paboTalomx noa AaBneHueM, npeaHasHavyeHHbIX
K WCIMOMb30BaHMIO NPU MakcUMaribHOM AONYCTUMOM AasneHun PS, meHbliem nu6o paeHoM 100 6ap, u
TOMLMHAX CTEHKU 060no4kM He 6onee 60 MM, KOTOPbIE M3rOTOBNEHbI U3 (HEPPUTHOTO UM AYCTEHUTHOTO Yy-
ryHa ¢ LiaposuaHbiM rpacdutom. OrpaHuyeHve TonwmHbl 060NoYKUM He OTHOCUTCA K TOMWMHE hnaHues,
3NeMeHTOB XeCTKOCTU, 600bILLeKk U T. 4.

K AonycTMMbIM MapkaM He OTHOCATCA Mapku YyryHa C MnacTUH4YaTbiM rpacduToM Ans eppuTHbIX U
ayCTEHUTHbIX MapokK, KOTopble SIBHO UCKMIOYeHbl U3 HacTOALLEero eBpornenckoro craHaapta no NpuduHe Ma-
JI0r0 YASMHEHUA U XPYNKMX CBOWCTB MaTepuana, vto Tpebyet ucnons3oBaHus Apyrux KoaddpuUMEHTOB Ha-
AEXHOCTU U ApYroro noaxoaa.

Mpumeyanne 1 — AYCTEHUTHLIE Mapku uyryHa C LIAPOBUAHLIM MPAUTOM NPEUMYLLECTBEHHO UCMONbL3YIOTCA Ans

paboThbl NpPY BLICOKUX U HU3KMX TEMMepaTypax 6naroaaps CBOMM aHTUKOPPO3UIHLIM CBOMCTBaM.

Mpumeyanue 2 — flonycTMMble MapKu YyryHa c WapoBUAHbLIM rpacMTOM NnepeuncnieHbl B Tabnuuax 3 u 4. Ycnosus

3KCnNyaTauuu NpuBeaeHsl B pasgene 4.

2 HopmaTtuBHbIE CCbUIKMN

Cnepyiowume CChINoYHbIe CTaHAapThl He0BXoAWMBbI ANA NPUMEHEeHUs1 HacTosllero cTaHaapTa. [ina aa-
TMPOBAHHbIX CCHINOK NPUMEHUMa TOMNbKO yKkasaHHas peAakuus. [lns HeaaTMpPOBaHHbIX CChINMOK NMPUMEHUMO
nocnefHee usgaHue nybnukaLmm, Ha KOTOPYIO AAETCA CCbirka (C yUeTOM NMONpPaBokK).

EN 764-2:2002 O6opynosaHue, paboTaiowee nog gasneHneMm. Yacrs 2. BenuumHbl, CMMBOSbI M € QUHULLbI

EN 764-5:2002 ObopynosaHue, paboTtaiollee noa aaeneHweM. Yactb 5. [lokyMeHTbI MO KOHTPOMiO U
COOTBETCTBMIO METaNIMYEeCKUX MaTepuanoB

EN 837-1:1996 Mpubopbl ans uamepeHus aasnenusi. Yacts 1. Mpubopbl 4na usmepeHws AaBneHus ¢
Tpy64aTbiMU NpyxMHamu. Paamepbl, MeToauka usmepeHuin, TexHuyeckme TpeboBaHua U MeToabl UcnbITaHUi

EN 837-3:1996 Mpubopbl ans uamepeHus fasneHus. Yacts 3. Mpubopbl 4na usmepeHvsa aaBneHus ¢
MeMOpaHHbIMU U TpyBYaTbiMK NpyxMHamu. Paamepbl, METOAMKA U3MEpEeHUin, TexHu4deckue TpebGoBaHua u
MeToAbl UCTbITAHWUIA

EN 1369:1996 Ilutbe. MarHuTonopoLukoBas gegekrockonus

EN 1370:1996 Jlutbe. KoHTponb LUEPOXOBATOCTM MOBEPXHOCTUM C MOMOLLbIO BU3YanbHO-TAKTUIbHbIX
KOMMapaTopoB

EN 1371-1:1997 JluTbe. KOHTpONbL METOAOM NPOHUKAIOLLMX XuakocTein. YacTb 1. OTNUBKK, NONyYeHHble
B necyaHoi hopme, KOKWUrbHble OTMMBKA U OTSIMBKU, NOMy4YeHHbIe Noj AaBreHMeEM C NPUMEHEHWEeM BaKyyma

EN 1559-1:1997 NpownasoacTBo nuteitHoe. TexHuyeckue ycnosusi noctaeku. Yactb 1. ObLume nonoxeHust

EN 1559-3:1997 lMpouaBofcteo nuteitHoe. TexHu4eckue ycrnoBusi noctaBku. Yacte 3. [JononHutenb-
Hble TpeGOBaHMS K YyryHHbLIM OTNMBKaM

EN 1563:1997, EN 1563:1997/A1:2002, EN 1563:1997/A2:2005 [luTtbe. YyryH ¢ wapoBuaHbIM rpacdutom

EN 12680-3:2003 OT1nvBKW. YNbTpa3BYKOBOM KOHTPOnb. YacTb 3. OTNMBKM U3 YyryHa € LLapOBMAHbLIM
rpagpuTom

EN 12681:2003 Otnueku. Paguorpacunyecknin KOHTpOnb

EN 13445-1:2009 Cocyabl, paboTaiowme noa AaeneHnem, 6e3 orHeBoro nogsoaa Tennotbl. Yacts 2.
O6Lwume nonoxeHus

EN 13445-3:2009 Cocyabl, paboTatolume nop AaeneHvem, 6e3 orHeBoro noaeofa Tennotbl. YacTtb 3.
MpoekTuposaHue

EN 13445-5:2009 Cocyabl, paboTatolume nog aAaeneHvem, 6e3 orHeBoro nogsofa Tennotbl. YacTb 5.
KoHTponb 1 UcnblTaHUA

EN 13835:2002, EN 13835/A1:2006 Jlutbe. YyryH ayCTEHUTHbIN

EN ISO 945:1994 YyryH. YcnoBHble 0603Ha4YeHMss MUKPOCTPYKTYpbI rpacuTa (1ISO 945:1975)

EN I1SO 8062-1:2007 XapakTepuCTMKM nsgenuii reomeTtpuyeckue (GPS). [lonyckn Ha pa3mepsl U reo-
METpUYECcKUe JoNnycku AnA nuTtbix agetanen. Yacrs 1. Cnosapsb (1ISO 8062-1:2007)
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EN ISO 8062-3:2007 Xapaktepuctukn usgenuin reometpudeckue (GPS) [donycku Ha pasmepbl U reo-
MeTpUYECKMe AOMNYCKM AnsA NuTbIx AeTanei. Yactb 3. Obwume Jonycku Ha pasmephbl, FreOMeTPU4ecKUMe AOonyCKU
1 npunycku Ha o6paboTky ansi otnueok (ISO 8062-3:2007)

3 TepMuHbBI, onpefeneHns, eAMHULLI U CUMBOJIbI

3.1 TepMuHbI U onpeaeneHus

B HacTosiLeM eBponenckoM cTaHaapTe NPUMEHSIOTCS criedylolue TepMUHbI U ONpeaesneHust:

3.1.1 kpuTnyeckan 3oHa (critical zone): O6nacTb BLICOKOro HanNpsiXXeHUs, rae oXuaaeTcs paspyllieHue
Npy UCMbITAHUKU Ha paspbIiB UNK rae oxuaaercs o6pasoBaHUe NOBEPXHOCTHBLIX YCTaNOCTHLIX TPELUUH Us-3a
Harpyaok koniebaHuii aaeneHus.

MpumeyaHue 1 — Kputuueckue 30Hb!I MOryT GbiTh 06YCNOBNEHbI, HaNpUMep, OAHOW U3 CrieayIoLLUX NMPUYUH:

— Pe3koe U3MeHeHMe NonepeyHOro Ce4eHus;

— ocTpLle kpasi;

— Marnble paauychl;

— NMAKOBbIE HaMPSHKEHUS;

— narnbaroLye HanpsKeHVs;

— HanpsXXeHUs1, BbI3aBAHHbIE HE MEMOPaHHBLIM HanpsHXKeHUeM;

— U3MEHEHUEe KPUBUSHBI.

MpumeyaHue 2 — AHanus KPUTUHECKOW 30HLI BLINOMHAETCA NOGLIM COOTBETCTBYIOLUM METOAOM, Hanpumep rono-

rpadouyeckMm, MHTEPEPOMETPUYECKUM, TEH30METPUYECKUM METO/IaMM, UCTILITAHUSIMU Ha PasphbiB, UCTILITAHUAMU

Ha yCTanocTb, aHanM3om MeTOIOM KOHEUHLIX 31IeMEHTOB M T. M.

MpumeyaHve 3 — Kpome Toro, TennoBble rpagueHTbl U TEMNOBLIE HAMNPSXKEHUs, Bbi3BaHHbIe nepenaaom paboumx

Temnepatyp CTEHKH, AOMKHbI ObITb YYTEHbLI NPY ONpeAeneHUn KPUTNHECKHX 30H.

3.1.2 nokynarenb (purchaser): Jluuo unu opraHusauus, nokynawowme obopyaosaHue, paGoTatoliee
noa OaBMeHWeM, BKIOYas yarbl UMK arieMeHThbl, AnA cobCTBEHHOro MCNonb3oBaHus NM6o OT MMeHn noTpe-
6utens u/wnu nonb3oBarens.

3.1.3 narotoBuTenb (manufacturer): JIuLo unu opraHnsaums, OTBETCTBEHHbIE 32 NPOEKTUPOBaHWe, U3ro-
TOBMEHWe, UCTbITaHNe, KOHTPOMb, YCTaHOBKY o6opyaoBaHus, pabotaloLiero noa AaBneHeMm, 1 y3nos, ecnm
NPUMEHUMO.

MpumeyaHve 1 — UarotoBUTeNns MOXET NPUBNEYb CyGnoapsAYMKa ANs BLINMOMHEHWS OAHON UMM HECKOMNbKUX BbIlLie-

YNOMSAHYTbIX 38424 Nof CBOK OTBETCTBEHHOCTb.

MpumeyaHue 2 — B rocygapcTeax — unedax EC narotoButens HeceT OTBETCTBEHHOCThL 3a obecneyeHne COOTBETCT-

Busi Qupektuee 97/23/EC no oGopyAoBaHuio, pabGoTalollemy nog AaeBnedueM. [ins usrotoButeneid 3a npegenamu

EC aTy oTBETCTBEHHOCTL GepeT Ha ce6A ux ynonHomoueHHblii npeacraButens B EC.

3.1.4 narotoBuTeNnb OTNMBOK (casting manufacturer): Cy6noapsinuMk, U3roTaBnMBaIOLLIMIA OTIIMBKM,
ucnonb3yemble Npy nponssoAcTee obopyaoBaHus, paboTatoliero nog AaBiieHNEM.

3.1.5 xoadpcbuumeHT koHTpons (testing factor): MoHwkaowmin koachuLMEHT, NPUMEHsIEMbIA K HOMU-
HanbHOMY Pac4eTHOMY HanpsHKeHMIO, YTOObI y4ecTb BO3MOXHbI@ NPOU3BOACTBEHHbIE HEJOCTATKM.

3.1.6 TemnepatypHbIit ko3adpdpmumenT (temperature factor): MoHwxkalowmii ko3 MUMEHT, NPUMeHsie-
Mblii K 0,2%-HOMyY YCNIOBHOMY npeaeny Teky4yecTu, 4Tobbl y4ecTb BNUsiHUe TemnepaTypbl.

3.1.7 koadpcpuumeHT TonwmHbl creHku (wall thickness factor): MoHwkalowwmit koadbcpuumeHT, npume-
HsIEMbI K HOMUHANbHOMY pac4YeTHOMY HamNpsBKEHUIO, YTOGbl y4eCTb YMeHbLUeHe MexaHU4eCKUX CBOWCTB.

3.1.8 cheppUTHbLIN YYryH c wapoBugHbIM rpactputoM (ferritic spheroidal graphite cast iron): JluteliHblit
MaTepuan Ha XenesoyrrnepoaHoi ocHoBe (yrnepog NpUcyTCTByeT rnmaBHbIM 06pa3oM B chopme YacTul La-
poBuAHOro rpacuTa) ¢ npenmMyLlecTBeHHO (heppuUTHON MaTpULEN.

3.1.9 aycTeHUTHbIA YyryH C WapoBuAHLIM rpacuToM (austenitic spheroidal graphite cast iron): Ju-
TeWHbIA MaTtepuan C ayCTeHWTHOW MaTpuueid Ha XenesoyrnepogHol OCHOBe, NErMpoBaHHON HUkeneMm W
MapraHueM, Meapbio U/unum XxpoMoMm, YTobbl CTabUNUM3nMpoBaTh ayCTEHUTHYIO CTPYKTYPY NpU KOMHATHOW TeM-
neparype.

3.2 EguHuubl

B HacToslLLe YacTU NPMMEHSIIOTCH eAUHULBI, NpuBeaeHHbIe B EN 764-2:2002.

3.3 CumBonsl

CumBOrbl, MCMONb3yeMble B HAaCTOSALLIEM eBPONeckoM CTaHAgapTe, nepeuucneHsl B Tabnuue 3.3-1.
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Ta6bnuua 3.3-1 — CumBonsb!

Cumeon BenuuuHa EavHuua
c Mpunyck Ha Koppo3uio MM
e Tpebyemas TonwmHa MM
€a PacueTHas TonuuHa MM
€act dakruyeckas TonLMHa MM

©min MuHUManbsHas ToMnwmMHa No YepTexy MM

E Mopynb ynpyroctu Mla
f HomuHanbHoe pacyeTHOe HanpskeHue Mla
F KoahbuumeHT ycTanoctu no OTHOLEHUIO K coxpaHeHuto paboTtocnocob- -
HocTn 99,8 %

P act dakTuieckoe faBneHUe UCNLITaHUA Ha paspbiB Mrla @
Py MuHumansHoe Tpebyemoe AasneHue paspbiea MMa @
P PacueTHoe faeneHue MnNa?

PS, Ps MakcumanbHO JONyCTUMOE AiaBneHue MnNa ®
PT, P, [aBnexue ncnbiTaHui Mna @
RM lNapameTp Nnpo4yHOCTM MaTepuana MMa

Ruo2 0,2%-HbIli yCNOBHbIN Npeaen TeKy4ecTu MnNa
R [MpoYHOCTb Ha pacTsbkeHue MMa

R CpeaHss NPOYHOCTL Ha PacTsXeHWe TPex NPYTKOB ANsl UCMbITaHWNA, B3ATbIX MMa

13 OOHOM W TOW Xe NapTuM UNK NNaBKN

TSmins TSmax | MUHMManbHo/MakcuManbHO AoNycTUMas TeMnepatypa °C
T BbluucnuTenbHas Temnepartypa °C

1’4 O6bem n

Ce KoathnUMeHT TONWUHBLI CTEeHKN -

Cr TeMnepaTypHbIiA koathhuLMeHT —

Caq KoadhtuumeHT KoHTpons -

n KoathcpuumeHT, 3asucsaiumin ot popmbl 060n0o4ku —

fo MonpaBoyHbIi KO3PULIMEHT TONLIKHBI —

fm MonpaBoyHbIN KO3MPULMEHT CpeaHero HanpskeHusi —

fs MonpaBoyHbIN KOAPPULMEHT YUCTOTHI MOBEPXHOCTU —

S KoadhcpuumeHT HageXHoCTH —

R YacTHbIN k0apPULMEHT HAAEKHOCTU -
() Honyck otnueku MM
£ Mpunyck TonwmHbLl BCieacTBue npouecca JINTbS MM

v KoadhcpuumeHT MNyaccoHa -

? MMa 1cnonb3yeTcs TONLKO ANs PacHeToB, AN APYIUX Lienei cryxuT eavkuua 6ap (1 MMa = 10 6ap).
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3.4 BaaumocBA3b onpeaeneHui TOMNWMH

&5 e Srn Cact
! -
Y h 4 h 4
e — Tpebyemas ToNLLVKa;
€, — pacHeTHas ToNLWHa;

€min — MMHUManbHas TOMLMHA C YYOTOM NPUNYCKa Ha KOPPO3MIO M0 YepTexam;
€act — PaKTUYECKas TOMLUUHE;

€ — NpUMycK Ha KOPPO3MIO;

€ — MpUNYCK TOMLWHEI BCNOACTBUE NPOLIecca NUTLS;

& — IONYCK OTIMBKA

PucyHok 3.4-1 — BzauMocBA3b onpeaeneHui TonwuH

4 YcnoBuA aKkchnyarauum

4.1 Liuknuyeckue Harpyskm

Cocyabl 1 anemeHTbl cocyzioB, pabGoTtaioume noj AaBneHWeM, U3 uvyryHa ¢ WapoBUAHbIM rpacuToM
MOryT GbiTb UCNONL30BaHbI ANS LIMKIUYECKON 3KCrnyaTauun, ecnm KO3 ULUEHT HanpskeHW orpaHnym-
BaeTcs 3HaveHueM 3. Ecnu pacueTHoe KONWYeCTBO LMKNOB O6Nv3ko Kk npesenbHOMY KONMUUECTBY LIMKIOB,
ykasaHHOMy B Tabnuue 4.1-1 ans onpegeneHusi HEOOXOQUMOCTU YCTaNOCTHOIO pac4eTa, TO Npu 3TOM Of-
peaeneHuy Heo6xoAMMO UCNONb30BaTb MOAENb HAaUXYALLEro cyyas.

Ecnu npepnonaraetcsi, YTO B YCMOBUSIX 3KCMIyaTauuM MakCUMamnbHOE KONMUYECTBO MOMHbIX LIMKIOB
ZAaBneHWsA NpeBbiCUT NpeaenbHOe KONU4ecTBO cornacHo Tabnuue 4.1-1 nubo npeBbICUT 3KBUBANEHTHOE KO-
NUYECTBO LIMKNOB C MEHbLLEH aMIUTYAoi, TO He06XOAUMO BbINOMHUTL YCTANOCTHLIA pacyeT B COOTBETCT-
BUM C npusioxeHuem D.

Ta6nuua 4.1-1 — Konu4yecTBo NONHLIX LUKIOB AaBNeHUs1 ANA PaCCMOTPEeHUs LIMKNUYeCKUX Harpy3ok

MakcumanbHOe KOnM4ecTBO NOMHLIX LIMKNOB AaBneHus 6e3 obs3aTtensHoro

KoadpdpuumeHT koHTpOns
bpuu YCTanocTHOro pacyera cornacHo npunoxenmio D

Cqa=0,9 1000
Ca=0.8 40 000 ecnu 2,5 < koapduumeHTa HanpsHkeHun < 3
Q=" 200 000 ecnu ko3 ULUMEeHT HanpsbkeHun < 2,5

MpumeyaHue 1 — KoadpcpuumeHT koHTponsi 0,9 npeanonaraeTt npumeHeHue Goree BbICOKMX HOMUHANBHBIX pacyeT-
HbIX Hanpsm(euwﬁ, a cnepoBaTteribHoO, oBycnounleaeT Bonee HU3KOE MAKCUMANbLHOE KONIMHECTBO MOSHbIX LiUKInos
AaBneHus 6e3 06s3aTenbHONO YCTaNoCTHONO pacyeTa.

Mpumeuanue 2 — KoacppuumeHT HanpskeHWiA (OTHOLLIEHUe NMUKOBOTO HAMPSDKEHUsI K HANpPshXeHuio ycranoctu) 60-
nee 3, onpeaeneHHbIA MobbiM U3 METOA0B NPOEKTUPOBAHUS, YKasaHHbIX B 5.2, MOXeT ObiTb pe3ynsTatoM HeHaf-
nexailero npoekruposaHusi. MocpeacTBoM yBenuieHUs paavycoB WUIM BHECEHUA APYrMX HeBOMbLUMX U3MEHEHW
MOXHO 06ecneynTb NpUeMemMyio KOHCTPYKLUIO.
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Ans uMKNoOB AaBneHWs Npu nepenage AaBneHusi AP, MeHee NOMNHOro AABMEHUS KONMUYECTBO 3KBUBA-
NIEHTHBIX MOMHbIX LIMKIMOB HAXOAST Mo (hopmyne:

N =§n(£} " 4.1-1)

i=1 F max
rie N - obuiee KoNU4eCTBO NPeAyCMOTPEHHLIX TUMOB LIUKIOB AaBNeHUsl C pasnvMyHOM aMNNUTY0N;
Ny  — KONUYeCTBO LUKIOB C aMnnutyaon AP;

AP, — aMnnutyaa uuvKia aBrneHus;
Prax — MakcumanbHO faonyctuMoe gasneHue cornacHo n. 3.15 EN 13445-3:2009.

4.2 OrpaHu4eHMs NO TemnepaType U 3HeprocoaepXaHuIo

MuvHUManbHO M MakcuManbHO AonyCTUMbIe Temnepatypbl TSyin U TSmax AOIMKHBEI COOTBETCTBOBATHL
npeaenam, npueeneHHsIM B Tabnuuax 5.1-1 n 5.1-2.
MpouaseaeHne PS-V ans oTAenbHOI OTAMBKW He A0MKHO npesbilwaTs 100 000 6ap-n.

5 TpeGoBaHus

5.1 Matepuansl

Bce mapku yyryHa, nogBepXeHHble BO3AEUCTBUIO BHYTPEHHEro Unu BHeLHero AaBneHus, AOMKHbI Co-
otBeTcTBoBaTh EN 1563 onsi cheppuTHOro YyryHa c waposuaHbiM rpacoutom u EN 13835 ans aycteHUTHOro
yyryHa ¢ LwapoBuaHbIM rpacuTom.

deppuTHLIe Mapku MaTepuana, npuseAeHHbie B Tabnuue 5.1-1, ucnonb3ylotcs Tam, rae MUHAMasbHO
gonyctumas temneparypa 6onblue nubéo pasHa —10 °C.

Mapku maTepuana, npusefeHHblie B Tabnuue 5.1-2, npegHasHauyeHbl 4NA pacqeTHBLIX YCIOBUIA HU3KOW
Wnu BbICOKOW TemneparTypbl.

Ta6nuua 5.1-1 — [lonyctuMble Mapku maTepuarna ans o6bivHbIX pac4eTHbIX Temnepatyp (oT —10 °C go 300 °C)

CranaapT Ha maTepwan HaumeHoBaHue matepuana ° [Inana3oH pacueTHbIX
0G6o3HaueHue Homep Temnepatyp, °C
EN-GJS-350-22 EN-JS1010 -10< TS <300
EN-GJS-350-22-RT EN-JS1014 -10< 7S <300
EN-GJS-350-22 U ® EN-JS1032 —-10<TS<300
EN 1563 EN-GJS-350-22U-RT *° EN-JS1029 —-10< TS <300
EN-GJS-400-18 EN-JS1020 -10< TS <300
EN-GJS-400-18-RT EN-JS1024 -10< 7S <300
EN-GJS-400-18U 2 EN-JS1062 -10< TS <300
EN-GJS-400-18U-RT ° EN-JS1059 —-10< 7S <300

2 MexaHuuecKkue CBOICTBa NpoBepeHbl Ha 06pasuiax Ana UCNLITaHUi U3 NPUNUTLIX 06pa3sLIoB. TUM MapkaM cneayeT
oTAaBaTh NpeArnoyTeHue nepeq Mapkamyu Matepuana ¢ oTAernsHO OTNUTLIMKU 06pasLiaMu, ecnu eAMHUYHaA Macca oT-
nvBku Gonblue nmbo pasHa 2 000 Kr NK ecny COOTBETCTBYIOLLAsA TOSLLWHA CTeHKM BapbupyeT oT 30 Ao 200 MM.

Mapku maTepuana, npueefeHHblie B Tabnuuax 5.1-1 u 5.1-2, MOryT 6biTb nonyyeHbl B COCTOSIHUA HENOCPeACTBEHHO
nocrie OTSIMBKU UMK COCTOSIHUK TepMUdeckoi o6paboTku (cM. EN 1563:1997, paspen 6).

® Mpu oTcyTCTBUM MaTepuanoB, ykasaHHbIX B 9TUX TaBnuLax, MOXHO MCMONb3OBaTh APYrue Noaxoasiuve matepua-
Nbl, €CNU TEXHUYECKasA AOKYMEHTaLusl, onpeaensiowas xapakrepucTukn marepuanos, 6oina npuHATa B COOTBETCTBMM
¢ Tpe6oBaHuamMM Kk EBponelickomy pa3pelueHuio Ha matepuans! (EAM) nnu oueHke KoHKpeTHOro matepuana (PMA).
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Tabnvua 5.1-2 — [lonycTuMbie Mapkv marepuvana AnsA pacyeTHbIX YCNIOBUIA HU3KMX UK BbICOKUX Temneparyp

CraHaapT Ha marepnan HaumeHoBaHWe maTepuana b Huana3soH pacqe;erlx
O603Ha4eHue Homep Temnepatyp, °C

EN-GJS-350-22-LT EN-JS1015 —40< 7S =< 300

EN 1563 EN-GJS-350-22U-LT ® EN-JS1019 —40< TS <300
EN-GJS-400-18-LT EN-JS1025 —-20s TS <300

EN-GJS-400-18U-LT ® EN-JS1049 —20< TS < 300

EN-GJSA-XNiMn23-4 EN-JS3021 -196 < TS <300

EN 13835 EN-GJSA-XNi22 EN-JS3041 —40< TS <540
EN-GJSA-XNiMn13-7 EN-JS3071 —40< TS <300

 MexaHu4eckue CBOVCTBa NpoBepeHbl Ha obpasLax Ans UCTIbITaHui U3 NpunuTLIX 06pasuoB. 3TMM MapkaM cneayet
OTAaBaThb NpeanoyTeHue nepeq Mapkamy marepuana ¢ oTaernbHO OTNUTbIMK OoBpasuamMu, ecnu eauHUYHasa Macca oT-
nueku Gonblue nMbo paBHa 2 000 Kr UIM ecn COOTBETCTBYIOLAs TOSLWMHA CTeHKM BapbupyeT oT 30 Ao 200 MM.

Mapku matepuana, npusegeHHble B Tabnuuax 5.1-1 1 5.1-2, moryT 6biTb Mony4YeHbl B COCTOAHUM HENOGPEACTBEHHO
nocne OTNIMBKK UK COCTOSIHUM TepMudeckoit o6pabotku (cM. EN 1563:1997, paanen 6, u EN 13835:2002, paanen 6).

® Mpu oTcyTcTBUM MaTepuanos, ykasaHHbIX B STMX TabnuLaX, MOXHO UCTONL30BaTh ApyrMe NOAXOAsIUME MaTepha-
Nbl, €CNU TEXHUYECKaA AOKyMEeHTaLuA, onpegenaiowas XxapakrepucTuku marepuanos, Obina NPUHATa B COOTBETCTBUU
¢ TpeGoBaHusamu k EBponeitckomy paspeLueHuio Ha matepuwansl (EAM) unu oueHke koHkpeTHoro marepuana (PMA).

Mapku matepuana EN-GJS-350-22-LT wunu EN-GJS-350-22U-LT MOryT vcrnonb3oBaTbCA NpU HWKHEN
rpaHuue pacdeTHbIx Temnepatyp —60 °C. MNpu ucnonssosaHum ot (—40 + 2) °C po (60 + 2) °C ucnbitaHus
Ha yaap npyv MMHUMarbHOW pacYeTHOU TeMnepaType Ao KHbLI obecneuuBaThb:

— cpeaHee 3HayeHue U3 Tpex onbiToB 12 K NpuU €, < 60 MM;

— 10 [ npy 60 MM < 05¢t < 200 MM;

— eQuHM4HOE 3Ha4eHne 9 DK Npu g¢ < 60 MM 1 7 [k npu 60 MM < €55 < 200 MM.

Tatoke AelCTBYIOT NPUMEHUMbIe TpeOOBaHUs K YCrOBMAM NOCTaBKu, npuBedeHHble B EN 1559-1:1997 u
EN 1559-3:1997.

anMe'-IaHVIs — Wcnonb3oBaHue marepuanos, paGOTaPOI.IJ,VIX B UHTEepBane non3y4ecrtn, Hé OTHOCUTCHA K HacTosiLLieMy

CTaHAapTy, NOCKOSLKY AWana3oHbl HaNPsHXKeHUA orpaHMYeHbl YNpyruMyu CBOMCTBaMM.

5.2 NpoexTupoBaHue

5.2.1 TexHu4yeckasn AOKYMEHTaLus
MarotoBuTenb AOMKEH OOKYMEHTarnbHO othOpMUTL MONOXEHUs!, ykasaHHble B pasgene 5 EN 13445-5:2009,
10 Ha4Yana n3roToBMNeHus.

5.2.2 MeToAabl NPOEKTUPOBaHUA

5.2.2.1.1 NMpuvHuun

Harpysku, nognexatime y4eTy, 4omkHbl cooTBeTcTBOBaTh EN 13445-3:2009 (paspen 5).

Heobxoavmo y4ecTb ycnoBus akcniyatauum B pasgerne 4.

MeToabl NpoekTUpoBaHWA OOMKHbI COOTBETCTBOBATL HacTOSILLEMYy €BPOMNEMCKOMy CTaHAapTy W, rae
Heobxoaumo, cooTBeTCTBYIOWMUM pasgenam EN 13445-3:2009.

Ecnu reomeTpysi anemMeHTa Unv codeTaHue Harpysok He rMo3BOnsioT BbINOMHWTbL pac4eT Npu NMoMoLLU
dopmyn, npuseaeHHbix B EN 13445-3:2009 u npunoxeHun G, NpUMeHSAIOT NpOeKTUpoOBaHue nyTem pac4ye-
ToB (DBA) (cM. npunoxeHue E) nnu akcnepvmeHTtanoHoe npoektuposaHue (DBE).

B 3aBMCMMOCTU OT CMOXHOCTU 3/1EMEHTa, YCIIOBUI Harpy)XeHUs 1 YpOBHSA HepaspyLuatoLero KoHTpons
NPOEKTUPOBLLMK MOXET BblOpaTh OAUH U3 CReAyIoLUX UMEIOLLMXCS METOA0B NPOEKTUPOBAHUS, YNTOMSAHYTHIX
HWxe. NpuBoaATcA ykaszaHUA Mo Koppensauun Mexay KoahhuLMeHTOM HadeXHOCTU, KoahULUMeHTOM KOH-
TPOMsi U METOAOM OLIEHKM AUHAMUYECKUX Harpy3ok (cm. Tabnvuy 5.2-1).

5.2.2.1.2 CtaTyecKkue Harpysku

[ns npoekTvpoBaHWA geTanu Ha cTaTUYeckme Harpy3ku NpOEKTUPOBLLMK MOXET paccMOTpeTL crieayio-
e BapuaHThbI.

5.2.2.1.3 MNpoekTupoBaHue ¢ ucnonb3losaHuem cpopmyn (DBF)

BblipaxeHus ans pacueTa pasnuuHbIX 3NEMEHTOB YacTel, paboTaowmx noa AaBneHeM, npueedeHbl B
EN 13445-3:2009 1 npunoxeHun G. B npunoxeHun G npuBoasiTcsl [ONONHUTENbHbIE BblpaXeHUs Ons Jvac-
Tel HecTaHOapTHON (POPMbI, YACTO UCMOMNb3YEMbIX B MUTLIX KOHCTPYKLUSIX.
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5.2.2.1.4 NpoekTupoBaHue nytem pacyetoB (DBA)

HeAcTByIOT cneayiowme NonoXeHus:

1) BbIGpaThb McnonbayeMblii crocob: NpsiMoii (NpeaernbHas Harpyska — EN 13445-3:2009, npunoxexue B)
unu metop Kateropusauum HanpsbkeHun (EN 13445-3:2009, npunoxexue C). BoibpaTtb, 6yaeT nu ucnonb3ao-
BaTbCA NUHENHbIA WU HeNWHeMHbI noaxon;

2) 6a3oBoe MofAenupoBaHUe U NpeacTaBrieHMe pe3ynbTaTtoB pacyeToB A0MMKHO OCHOBLIBATLCA Ha pac-
YeTHbIX ToNLMHaX (e,) M XapaKTepUCTUKaxX MaTepuana npu paboueit Temneparype;

3) Ans npeacTaBneHVs pesynbTaToB pacveToB HYXKHO Cre/ioBaTh NpoLesiypaMm v KpUTEpUSIM OLIEHKU C
Lenbio OnpeaeneHus NpUrogHoCTU ANsl peanbHON KOHCTPYKUMMU. OTU NPOEKTHbie NPOBEepKA U COOTBETCT-
ByIOLLME NpoLeaypbl SBNSAIOTCA CTaHAAPTHBIMU ANA PACCMaTpMBaEMOro pexuMa paspyluieHus. PaanuyHbie
pexumbl paspyweHus cm. B EN 13445-3:2009.

5.2.2.1.5 OkcnepuMeHTanbHoe npoekTuposaHue (DBE)

Ecnu npoektupoBaHue ¢ ucnonb3osaHuem copmyn cornacHo EN 13445-3:2009 npu3HaHO Heueneco-
06pa3HbLIM BCNeACTBUE CINOXHON hOPMbI aneMeHTa, TO AN ONpeaeneHUs pacyeTHOW TOMWWHLI 6, U MUHU-
ManbHON TOMWMWHbI Emin HEOOXOAUMO MPOBECTU MMAPaBIMYECKUE UCTIbITAHUA Ha PaspbiB B COOTBETCTBUM C
npouenypoit 5.2.2.1.6. T1 UcnbITaHUA Takke SIBNSIIOTCA YacTbi0 TEXHUHYECKOW AOKYMEHTauun.

OTOT MeToA MPOeKTMPOBaHWS MOXeT OblTb Mcrnonb3osaH 6Ge3 AOMNONHUTENbHbIX PacyeToB, €CMU
P4 - V<6000 6ap-n.

Ecrnu Py - V > 6 000 Gap-n ans Bcero cocyaa, 3ToT MeTod MoXeT 6biTb UCNONb30BaH B AONONHEHUE K
meTopam DBA v DBF.

MuvHumaneHyto Tpebyemylio TONLMHY B onpeaesieHHOM MecTe HaxoAaT no dopmyne:

o6 [ S-PS-R ;3 ]% (5-1)
° ot Pb,act'Rpo,z’CQ'CT'Ce '

€nn 26, +C, (5-2)
rAe 6z — MUHUManbHas U3MepeHHas TOrLLMHA CTEHKN B KOHKPETHOM MecTe;
Rpo2, — B COOTBETCTBUM C NPUTIOXEHUEM A,
Poact — thakTuyeckoe MofyyMeHHOe 3HaueHue faBneHusl paspbiBa WM HauBbiCllee AaBNieHue B
npouecce UCrbITaHuii;
n=1 —ans KPUBONWHEWHbIX NOBEPXHOCTEN (LMNUHAPOB, chep) Mnu KOHYCOB C yrnamu o < 60°,
NOBEpXHOCTEI C OTTAXKKaMW U HanpsbkeHHbIX YacTel, ecnu usrmbaiollee HanpshkeHue co-
CTaBMseT MeHee %/3 CyMMapHOro HanpsokeHust;
n =2 — ans Bcex NPovMX NOBEPXHOCTEN.

5.2.2.1.6 Onpepenenve MAPaBNUYECKOro AaBJeHUA paspbiBa U MaKCUManbHO AOMNYCTUMOE
AaBneHue AnA CTaTUM8CKOro HarpyXXeHus

Cny4aiHbiii obpa3seL, ¢ NpoOM3BOACTBA COCyAa UMM anemeHTa cocyaa, pabotaiowero nog AaeneHueMm,
OTOMPAIOT AN UCTIbITaHWA Ha paspbiB UNK ANA onpeAeneHnsi MakCUMAribHO JONYCTUMBIX paGoumnx YCHoBuiA.
Mpouenypa AomkHa 6biTb cneaytoLlein:

1) NnpoBEpUTB, YTO UCNLITYEMBIA COCYA UAU €r0 YacTb OTNUTLI B COOTBETCTBUM C YKa3aHHbIM YEpTEXOM C
y4eToM BCeX rornpasoK. Vcnonbayemblit MaTepuan [orpkeH ObiTb TOro Xxe TMna U Mapku, Y4To U ANA 3aBo-
ACKOW aetanu;

2) NpoBepUTL, YTO COCYA UNKN €ro YacTb NPOLLNM MexaHU4ecKylo 06paboTky No TeM e paamepam, YTo U
3asofckan aeTanb;

3) npoBepuTb, YTO CBOWCTBA MaTepuana oreevaloT TpeboBaHusim 5.1. [N KaXaoW OTNUBKWA, UCNONb-
3yeMOii Ansl UCTIbITAHWIA Ha pa3pbiB, HEOGXOAMMO OTMUTL M UCTILITATb OTAENLHO Tpu obpasua Ans ucnbiTa-
HWIA Ha pacTshkeHue U, ecnu NPUMEHUMO, ANs UCTIbITaHW Ha yaap. PesynbTaTtbl U BbIMUCNIEHHAA CpeaHNAs
NPOYHOCTL Ha pacTshkeHUe A0MKHLI GbiTb CepTU(ULIMPOBaHbLI B COOTBETCTBUM C 6.5;

4) U3MepsIoT TOMNLLUUHLI CTEHKN BCEW OTNMBKU (He MeHee ofHOro usmepeHus Ha 100 x 100 mm). Peaynb-
TaTbl AOMKHbI BbITb OTMEYEHbI Ha OTNIUBKE B MECTE U3MEPEHUS UITU Ha YepTexe;

5) NpoBepUTb, YTO UCMONbL3YeTCA KanuMbpoBaHHLIA MaHOMETDP; MakcuManbHas owubKka AOMmkHa COOoT-
BeTCTBOBaTb Mo MeHbluel Mepe knaccy 1 cornacHo EN 837-1 u EN 837-3. Lllkana MmaHoMeTpa AOMKHA CO-
CTaBNATL NPUMEPHO */; NpeNonaraeMoro faBneHus paspbiBa;
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6) naBneHne Heo6x0AMMO KOHTPOSIMPYEMO YBENUUMBATL A0 AOCTUXKEHUS MUHUManbLHOro Tpebyemoro
JAaBNeHus pa3spbiBa:

p,>ps. R G |’ (5-3)
€min —C

[aBneHue ganee KOHTPONMpyemMo yBenW4uBaloT 4O paspbiBa. 3anucbiBaloT AasneHue paspbiBa Py o,
Jaty UCTbITaHuiA, cneuudukaumio matepuana, nogpo6Hbie AaHHbIe 0 MaTepuane, HOMep AeTanu U TONWWHY
CTEHKU B4, MBMEPEHHBLIE B MECTe paspbiBa. BhipaxeHue ¢ hakTuyeckum AaBneHUeM paspbiBa Py o, KOTO-
poe MOXeT npesblwaTtb P, BCNEACTBME NyYllero pacnpeeneHvst HanpskeHun, 1 MakcumanbHO A0nyCTU-
MbIM gaBrneHueM PS MOXHO BbiBECTH, Npeobpa3soras hopmyny 5-3 1 3ameHuB Py, Ha Py ot

f (e, -c)
PS<P _.. —mn_~ 1. 5-4
bact Rm(a) ( eact J ( )

7) ecnv geTtanb He oTBeYaeT kakoMy-nnbo n3 aTux TpeboBaHWin, BTOpas naeHTU4HasA 3aBoackasn AeTalb
MoxeT BbITb NOABEPrHyTa TOMN Xe npoueaype ucnbiTaHuin. Ecnu aTa BTopas getans oTBevaeT TpeboBaHUsM
UCMbITAHUA, TO 3Ta AeTanb MOXeT ObiTb NpuHATa NOCNe UCCNeaoBaHUs NPUYUHBI HECOOTBETCTBUS NEPBOWA
petanu. Ecnu BTopas getanb He oTBevaeT TPeGOBaHUAM MCMbITAHWA, KOHCTPYKLMIO AeTany npusHaloT He
COOTBETCTBYIOLLEA TEXHUHECKUM YCITOBUSIM;

8) B npoLiecce MCNbITaHWA Ha paspbIB JOMYCKAETCA HANWYME YTeYeK N HEeNMOTHOCTE!H MexXay AeTansiMu
¢ thnaHuamu, npoknagkamMu M GONTOBLIMM COEOVMHEHWAMM, €CIM BO3MOXHO AOCTWXKEHWe AaenexHus P, B
npouecce McnbiTaHWiA. JonyckaeTcsl pa3pylleHue npoknagku (Npoknaaok) B NpoLiecce UCMbiTaHWiA Ha pas-
pbIB; UX XapaKTepucTuku MoryT GbiTb CkoppeKTUpoBaHbl 683 M3NULLHEro U3MEeHeHUsi NPOYHOCTHBLIX CBOWCTB
crnaHua npy ycrioBUMM, YTO UX KOHCTPYKUUSi OoTBeYaeT npasunam npoektuposaHusi EN 13445-3:2009 ans
npeanonaraemMoro MakcumarbHoO AOMyCTUMOro AaeneHus Ps;

9) TONbKO ANA WUCNbITaHWA MOrYT GbiTb NPUHATBI 60MTHI C GorbLUei MeXaHUYECKOW NPOYHOCTLIO, YeMm
TpebyeTcs TEXHUYECKUMU YCIIOBUAMU Ha NMPOEKTUPOBAHUE;

10) ecnu ¢hnaHUeBbIe COBAVHEHVS1 CNIPOBKTUPOBaHbI B COOTBETCTBUM C TpebosaHuamu EN 13445-3:2009
B OTHOLUEHWA MUHMMAanbHOW TpebyeMon TONWUHLI, MUHUManLHON Tpebyemoir nnowaau u dopmbl 6onToB,
JonyckaeTcsl yCTaHOBKA [AOMONHUTENbHbIX GOMTOB B AONONHEHUE K UX KONUYECTBY, yKasaHHOMY Ansi NMPOU3-
BOACTBA, 4T0Obl 4OCTUYL AaBMEeHUs1 UCTIbITAHUI Ha PaspbIB;

11) pa3spbiB N04 AaBNEHUEM UCMbITaHUA unu Nioboe MApPaBnUMYEeCcKoe UCNbITAHUE He OOIMKHO BbIMNori-
HATbCS MOCPEACTBOM KOHCTPYKLMM Ha MApaBNM4eckoM npecce, KOTOpas MOXET NpPOTUBOAECTBOBaTbL CBO-
6o4HOMY M3rnby o6onouku noa AaBNeHNEM.

5.2.2.1.7 uHaMnyecKme Harpy3sKm

Ecnu konu4ecTBo NOMHbIX LMKINOB AABNEHUSA UINU 3KBMBANEHTHbIX NOMHbIX LIMKIOB AaBNEHUsi COrnacHoO
cdopmyne (4.1-1) npeBbillaeT KONMMYECTBO MOJSHBLIX LMUKNOB AaBneHust AnA cTaTUMeCKUX Harpysok, paccMoT-
peHHbIX B Tabnuue 4.1-1, TpebyeTcs oLeHKka ycTanocTu Beei KOHCTPYKUUMKU. C Lienbio NPoeKTupoBaHus fie-
Tanu Ha AUHaMU4ecKue HarpysKku NpoeKTUPOBLLMK MOXET paccMOTpeTb crneaylowue BapuaHThbI.

5.2.2.1.8 YnpoujeHHan oueHka yctanoctv (SFA)

Mpu ynpolleHHON oLeHke ycTanocTu GyaeT Nony4eHo 3HayeHUe MakcuManbHO AONYCTUMOro KONu4ecT-
Ba 3KBMBANEHTHbIX korie6aHui faBreHusi B yCnoBusiX akcnnyatauuu. OueHKy BbIMOMHAIOT B COOTBETCTBUM C
npunoxeHneM D. Mpeanonaraetcss MakcuMarsbHbIA KO3MOULMEHT HaNpskeHUn 3, 3a UCKNIOYeHWeM aeta-
neil KOHCTPYKUUM, orpaHudeHHbix B Tabnuue D.1A, AnNs KOTOpbIX BO3MOXHO UCMONb30oBaHWE 3HAYEHUW,
MeHbLUMX 6o paBHbIX 3.

Mpumeuanune — Tabnuua D.1A Take MOXET UCNONL3OBATLCA AN OTNMBOK U3 MeTanna, OTIIMYHOMO OT YyryHa ¢
LIApPOBUAHbLIM rpachuToM (Hanpumep, nNUTelHan CTanb, NMUTEAHbIA anloOMUHWIA 1 T. N.).

5.2.2.1.9 Noapo6nan oueHka ycranoctu (DFA)

Mpy noapo6Ho oLeHke ycTanocTu NONyYalT 3Ha4YeHWe MakCUManbHO AONYCTUMOrO KONU4ecTBa 3KBU-
BaneHTHbIX koneGaHWit AaBNeHUA C UCMOSb3oBaHUEM NOAPOCHOro pacyeTa HanpskeHuid B YCMOBUAX SKC-
nnyatauuu. OUeHKy BbIMNOSHAIOT B COOTBETCTBUM C NpusioxeHuem D.

5.2.2.1.10 AkcnepumeHTanbHas oueHka yctanoctu (EFA)

3TOT METOA, ONUCaHHLIN B NPUOXKeHWU H, NCToNb3YIOT, eCrii TEOPEeTUYECKU pacHeT HanpskeHUA He-
apeKBaTeH UNu ecnu NPOEeKTHbIA pacyeT AaeT aHoManbHO HU3KWE BENUYMHBI YCTaNOCTHON AONTOBEYHOCTH,
yKa3blBas Ha CITULLKOM KOHCepPBaTUBHbI/ TEOPETUYECKMIA Moaxop,
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OLleHKa feTanu nocpeacTBOM 9KCMEepVMEHTarbHOro NPOeKTUPOBaHKUA Ha YCTarnocTb He Tpebyetcs, ec-
NN nNoxoxas AeTarnb YXe MpoLuna Takyl) OLEHKY yCTanocTu U MMeloTCH AaHHble, NepeHOCMMble Ha HOBYIO
KOHCTPYKLMIO.
Linknu4yeckne Harpysku formkHel cootBeTcTBoBaTh EN 13445-3:2009 (nogpasgen 5.3).
3TOT MeToA He YYUTbIBaeT M3NULLHEA TOMLLUHLI CTEHKU MaTepuana, yTepoBKM M BCero Marepuvana,
KOTOpbIA He YBenMYMBaeT NPO4HOCTHU.
MpumeyaHue — [ins cocygos npu Py - V 2 6 000 6ap'n 3TOT aKCNEepUMEHTaNbHbIA MEeTOoA MOXHO UCTONb30BaTh B

AononHeHue K I'IOApOﬁHOMy NpoeKTUpoBaHUIO Ha YCTanocCTb.

Ta6bnuua 5.2-1 — OnpegeneHne kKoathduumeHTa HageXHOCTHM, KoacddUUMEeHTa KOHTpons M Metoaa

NPOEKTUPOBaHUA
HepaspyLuatowuii KoadbdouuueHT KoadduumeHT Metop npoektupoBaHua. | OueHka NpoeKTMPOBaHUS.
KOHTpONb HageXHocTn S koHTpons Cq CraTtnyeckue Harpyaku AvHamuyeckne Harpysku
SFA
He Tpebyetcs 3,0 0,8
pedy DBF DFA
DBA EFA §
DBE (SFA)
Tpebyetcs 2,0 0,9 DFA
EFA

MpumMevaHue — DBF — npoekTupoBaHue ¢ ucnonb3oBaHWem opMyn;

DBA — npoeKkTvpoBaH1e NyTeM pac4eToB;

DBE — akcnepvumeHTanbHOe npoekTupoBaHue;
SFA — ynpoLLEeHHbI pacyeT ycTanocTtu;

DFA — noapoGHbIiA pacyeT ycTtanocTy;

EFA — akcnepumeHTanbHbIA pacyeT yeTanocTu.

He pekomeHayeTcs.
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5.2.2.2 YcnoBusi NpoeKTUpOBaHUA

PacuyeTHoe HanpsbkeHue ansi heppuTHBLIX U ayCTEHUTHBLIX MapPOK BbIMUCHSIOT No hopmyne

=Rpo.2'CT‘Co'Ce

f ’
S

rae 0,2%-HbliA YCroBHbINA NpeAen TEKy4eCTU Npyu BbIMUCIUTESNLHOW TeMnepaType:

Rpo,m- =C; 'Rpo,z-

MoHwxarowmin TemnepaTtypHbli k0adhduumeHT Cr cocTaBnser:
Ans cheppuUTHBIX MapoK
Cr=1npu T<20 °C;

Cr=1-0,001(T—-20) npu 20 °C < T< 200 °C;
Cr=0,82npn 200 °C < T<300°C
1 ANsA ayCTEHUTHbIX MapoK
Cr=1npu T<20°C;

Cr=1-0,0005 (T —20) npn 20 °C < T < 540 °C.

MoHwxarowmin KO3 OULUEHT TONLLMHBLI CTEHKU:
C. =1 Npy e < 60 MM;
Co = 0,8 npu 60 MM < gpin < 200 MM.

(5.2-1)

(5.2-2)

(5.2-3)
(5.2-4)
(5.2-5)

(5.2-6)
(5.2-7)

(5.2-8)
(5.2-9)
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5.2.2.3 YcnoBus UcnbiTaHUi

[laBneHue ucnbiTaHuit cry4aiHo UNM HaMepeHHO MOXeT MpeBbilaTh 3HaYyeHue, nonyyeHHoe no dop-
Myne 7.2-1. OaHako HOMUHANbHOE pacHeTHOe HanpsbkeHue ANA YCIOBUA UCTILITaHUA f,c, HEe [OIDKHO npe-
BbilwaTtb 0,2%-Hbl YCNOBHLIN Npeaen TeKyvyectu Ryoam,,, C NoONpaBKoi Ha KoadhbULMeHT C. Npu Temnepa-

Type ucnbiTaHui, pasaeneHHblil Ha koadprumneHT HagexHocTu 1,33.

R .C
f_o=—202Ten “e 5.2-10
hon 133 ( )

5.2.2.4 YcuneHue oTBEPCTMA B LUNUHAPAX, NAIOCKUX AHMLLAX, BLIMYKNbLIX AHMLLAX, KOHYCaX U T. M.

YcuneHue oTBepCTHiA B LMNUHAPAX, NAOCKUX AHULLAX, BLIMYKMLIX AHULLEX, KOHYCax U T. M. onpeaensioT
B cooTBeTcTBMU C EN 13445-3:2009. lNpu pacyete ycuneHnss MeTOAOM 3aMeHbl Nowaav AnvHa ycurneHus
BAO/b paccMaTpuvBaeMoi CTEHKU cocyAa [OMkHa ObiTb < 2ey, ANS pacyeTa AOMNONHMTENbLHOW nnowaam
yCUREeHuA.

5.2.2.5 MNpoekTupoBaHue Ha BHELLHEE AaBneHue

MpoekTpoBaH1e Ha BHelUuHee AaBrieHWe BbINOMHAIOT B cooTBeTcTBMU € EN 13445-3:2009 (pa3pen 8),
rae

f=Ryor-Cq-C, (5.2-11)

S=35. (5.2-12)

5.2.2.6 Paguyc rantenu

HaubonbluniA BO3MOXHLIA paguyc rantend UCnonb3yloT ANA CTeHOK NnoA AeACTBUEM BHYTPEHHEro u
BHELLHEro AaBneHusi B COOTBETCTBUM C NMPABUMNbHbIMM METOAAMU NMUTENHBIX paboT (He0bxoauMOo yuecTb A0-
nyckvn Ha msrotoeneHue). MNMpaBunbHble METOABI NUTERHBIX paboT uHorAaa TpebyloT yBenUYEeHUs1 TONWUHBI
CTeHku 1 BbIbOpa COOTBETCTBYIOLLErO paguyca rantenu. [Noatomy gertanu, OTNUTLIE B COOTBETCTBUM C Ha-
CTOSILMM EBPOMNENCKUM CTaHAAPTOM, AEMOHCTPUPYIOT YNYULLEHHbIE YCTanocTHbie cBoicTBa. BaxHo npose-
pUTb, YTOBbl MECTHbLIE HaMNpsXKEHUs1 HUKOFAA He MpeBbiliany MakcumaribHbiX JOMyCTUMBIX 3HaYEHUA, 0Co-
6EeHHO NPY U3MEHEeHUMN TOSLLMHBI CEYEHUs UMW NPU U3MEHEHUU paauycoB.

Ecnu no kakoi#-nu6o npu4nuHe HEBO3MOXHO M3GeXaTb Peakux U3MEeHEHUI Nnowaamn NonepevHoro ceye-
HUA U CTeHKa, BocnpuUHMMaloWas faBneHne, NoABepraeTcs LMUKNMYECcKUM Harpyakam, To Heo6xoaumo npe-
OYCMOTpeTb CY)XeHVe C MakcMmaribHbIM OTHOLIEeHMEM 1 : 3 OT TOHKON CTEHKU K TOSICTOW GTeHKe.

Bce papuychl, NpUMeHsieMble k SreMeHTYy cocyAa, BKIovas HapyKHble NUTbie 600bILLKX, Onopbl U T. M.,
AonXHbl 6biTb 6onbLie NM6o paeHbl 1,5 TOMLWKMHE CaMO TOHKOM NpuneraioLLei CTeHKH.

Ecnu no kakoil-nu6o npuunMHe nNpUMEHSIeTCs MEeHbLUMIA paauyc (HeNoCpeaCTBEeHHO NOCMNe OTIMBKM Unu
nocrne MexaHn4eckon o6paboTku), TO NPOBEPKY NPOSKTUPOBAHWA BLINOSHAIT MeToaom DBA.

5.3 INlutbe

5.3.1 O6wue nonoxeHus

OTNUBKM He [OMKHbI UMETb MOBEPXHOCTHLIE U BHYTPEHHWE AedeKTbl, KOTOpble MOryT OTpULaTeNnbHO
NOBNUATb Ha UX aKcnnyaTauUMoHHYO NPpUrogHoOCTb. He aonyckaertcsa BOBHUKHOBEHME B OTITUBKE Ype3MepHbIX
OCTaTOUHbIX HaNPsKEHWIA, KOTOPbLIe MOTYT YXYALUUTE MOBEAEGHUE NMpU paspyLUeHUM UNK YCTanoCTHYIO AOMro-
BEYHOCTb OTMMBKU. 3TO AOCTUraeTcs NnocpeacTBOM CyLLECTBEHHOro ysernnyeHns BpemMeHu oxnakgeHua oT-
nuBKK B hopMe C NocreayoLmUM OXNaXaeHNeM Ha HENoaBMKHOM Bo3agyxe. M3rotoBuTenb OTNIMBKM LOIHKEH
JOKyMeHTarnbHO 3aduKkcMpoBaTh npoueaypy oxnaxaeHus (tpebyemoe BpeMsi OXNaXaeHUs) B TeXHonornye-
cKkoi unun paboyert MHCTpyKkUMK. Ecnu HeBO3MOXHO 06eCneYnTb BLINOSIHEHUE 3TON Npoueaypsbl, UCKNoYalo-
el YpeaMepHble OCTaTOUHbIE HanpsXeHusl, HeobXoAVMMO BbINONHUTL TEPMUYECKY0 06paboTKy Ana cHATUA
HanpsbKeHW No cornacoBaHUo MeXay 3auHTEPEeCOBaHHLIMU CTOPOHaMMU.

5.3.2 Ceapka

He ponyckaeTcsi BbinonHeHue paboyei, pPeMOHTHON UMK KOCMETMYECKOA CBapKM YYTyHHbIX JeTanein us
heppPUTHBIX U @yCTEHUTHBIX MapOK, M3rOTOBIEHHbLIX B COOTBETCTBUMU C HACTOALLMM €BPONSNCKUM CTaHAaPTOM.
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6 UcnbiTaHun maTepuana

6.1 O6ume nonoxeHusn
Bce ucnbitaHns martepuano, Tpebyembie no EN 1563 unu EN 13835, aomkHbl ObiTb NPOBEAEHbI.

6.2 YacToTa M KONMMYECTBO UCNLITAHUNA

Ons kaxpon napTuy NpoBOASITCA CriedylolumMe UCTIbiTaHus MO KaXKaon nnaeke, npoweawein cceponau-
3upyloLLyto 06paboTKy, UNK MO KaXKA0A NapTuM TepMuyeckoii obpaboTku:

— XMMUYECKUIA aHanus;

— OQHO UCNbITaHWE Ha PacTsDKEHUE;

— OQHO UCMbITaHWe Ha TBEPAOCTb;

— vcnbiTaHue Ha yaap, ecnu Tpebyetcsi TEXHAYECKMMM YCIOBUAMMU Ha Matepuan (MChbITbiBaloOTCA TPU
o6Gpasua).

Ecnu cdeponansupytoas obpaborka BhinonHseTca B hopme, NPOBOAAT T K€ UCNbITaHUA AN Kax-
abix 2 500 Kr Maccbl OTNIMBOK MAEGHTUYHbIX AeTanein, N3rotoBrNeHHbIX B TOT Xe JeHb.

Mpu cepuitHom usrotoBneHun mapok RT cormacHo tabnuue 5.1-1 KONMYECTBO MCNLITAHWIA HA yaap
MOXHO YMEHbLUWUTL A0 OAHOIO UCTIbITAaHUs! B IeHb AN1s NNaBKU C CaMbiM BLICOKMM coaiepXXaHUueM KpeMHuUs.

BbiGupaloT oTaoenbHO OTNUTbie unu npunutbie obpasubl Ana ucnbitaHuii B cootsetcteun ¢ EN 1563
unu EN 13835. Pasmep o6pasua ans ucnbiTaHWil 4OIDKEH NPeACTaBNATL TONWMHY CTEHKU AeTanu (onpeae-
neHuve paamepa cM. B EN 1563 unu EN 13835).

MpumeyaHue — MpunuTblie o6pasLbl AN UCTIbITAHUIA penpe3eHTaTMBHLI ANA OTIIMBOK, C KOTOPLIMU OHU CBA3aHbI, A

UX pasMep 3aBUCUT OT COOTBETCT! ByIOI.IJ,eI'/'I TONWMWHbI CTEHKU OTNIUBKWU.

6.3 XuMunuyeckui aHanus

MerTogabl, ucnonbayemble Ans onpefeneHnsl XMMUYecKoro coctaBa Marepuarna, JOSKHBI COOTBETCTBO-
BaTb NpU3HaHHbIM CTaHAapTaMm.

Ins cdeppuTHOro YyryHa ¢ LwapoBuaHbIM rpachMToM aHanusupyloTcs criepytome anemenTsl: C, Si, Mn,
P, Su Mg.

[ins ayCTEHUTHOro 4yryHa € LapoBUAHbIM rpacMTOM aHanu3upyioTcsi criegyiowme anemenTol: C, Si,
Mn, P, S, Mg, Cu 1 Ni.

6.4 CtpykTypa rpacduta

Mopdoriorus rpacputa Mateprana fommkHa coorsetctBoBath hopme VI V no EN ISO 945. MNposepka
LLIApOBUAHOCTU NPEeAnoYTUTENbHO BbINOMHAETCA MOCPEACTBOM MUWKPOCKONUYECKOro uccnepoBaHus nubo
YyNbTPa3ByKOBbIM MeToAoM. [lonycKaloTca BU3yalbHble UNY KOMNbIOTEPU3MpOBaHHbIe W/MIW aBTOMaTU3npo-
BaHHble MeToAbl.

Mpu ucnonb3oBaHUK yNbTpa3ByKOBOrO METOAa CKOPOCTL 3BYKa AOMMKHA COCTaBNATL MUHUMYM 5 460 m/c
npu n3amepeHnu kanmbpoBaHHbLIM U3mepuTensHbIM npubopoM. Mpu ckopocTu meHee 5460 m/c wapoBua-
HOCTb MOXHO NPOBEPUTL U NOATBEPAUTL NYTEM UCCINEAOBaHMA Hanxyawero obpasua Ana UCNbITaHWIA C nc-
nonb3oBaHUEM MUKpockonuueckoro metoaa. Ecnu cdepougusauus npusHaHa npuemsnemon, marepuan
npoxoauT yreepxaenue. Mpu ucnonb3oBaHUM ynbTPasBYKOBOrO UCCNEAOBAHWA NPOBEPKY BLINOMHSAIOT Ha
nocnegHeM oTNIUTOM MeTanmne KaXaoin NNasku.

6.5 [lokymeHTbl KOHTponsi
JloKyMeHTbI KOHTPONA AOMKHbLI cooTBeTcTBOBaTh EN 764-5:2002 (n. 4.3.3).

7 KoHTponb 1 oOKOHYaTenbHaa oueHKa

7.1 KonTponb

7.1.1 O6wue nonoxeHUs

Becb KOHTPOMNb MaTepuaros SIUTbIX COCYAOB U 3MIEMEHTOB COCYAOB, U3rOTOBMEHHLIX B COOTBETCTBUU C
HacTosILei YacTblo, IOIHKEH coOTBETCTBOBaThb Tabnuuam 7.1-1 n 7.1-2.
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Ta6nuua 7.1-1 — Tpe6oBaHUA K KOHTPOMIO

CTE EN 13445-6-2009

YnbTpa3ByKoBOX
Koadppmuwien | Marwne- | wourponupano- | Ceruwionmpo- | Busyanshei | Mepene
KoHTponsi Cq K%H b rpacuyeckuin BaHue KOHTpOJSIb cr:tm
pe KOHTpOIb
McxoaHbli 0,8 - + + + +
obpazeL 0,9 + " ; + "
0-cepusi: 0,8 - + (10 %) - + +
pocepuiiHoe

MPOM3BOACTEO 09 + + + (1 petanb) + +
CepuitHoe npo- 0,8 - — _ + "
U3BOACTBO 0,9 + _ — T "

MpumMevaHue — «+» — TpebyeTcs, «—» — He TpebyeTcs.

7.1.2 Tpe6oBaHmsa koHTponsi npu Cq = 0,8
KoHTponb BbINOMHAETCA B COOTBETCTBUM C TpeGOBaHNAMU U C MPUMEHEHNEeM KpUTEpUEB NPUEMKH, Npu-

7.1.3 TpebGoBaHus koHTponsi npu Cq = 0,9

— B HEKPUTUYECKMX 30HaX: KOHTponb Kak aAnsA Cq = 0,8, kak ykasaHo B 7.1.2;
— B KPUTUYECKMX 30Hax: BCe OTIMBKU MOANEXaT MarHUMTOMOPOLUKOBOMY KOHTPOSIO BCEX KPUTUHECKMX

BefeHHbIX B Tabnuue 7.1-2 TonbKo s NOBEepXHOCTHLIX Ae(eKToB.

30H, KaK yKasaHO Ha YepTexe, MPU 3TOM He AOMKHbI BbiTb 0GHapyxeHbl kakue-nuGo HeponycTUMbIE AeDeKTbI.

MocnepHss oTnNUBKa, NPeLCcTaBnsiowas NapTyMio OTIIMBOK, M3rOTOBNIEHHBbIX U3 OAHOW U TOM Xe NIlaBKu

Ta6bnuua 7.1-2 — KoHTponb cornacHo ko3 (uLmMeHTy KOHTPONsA

WNW B TEYEHWe OJHOTO U TOro OHS, NOANEXUT paguorpadMUeckoMy UMNu 3KBUBANEHTHOMY UCCIEAOoBaHUIo
(cM. cHocky ° B TaBnuue 7.1-2) 30HbI, YKa3aHHO# Ha YepTexe, NpY 3TOM He AOMKHbI BbiTb OGHapyXeHb! Ka-
Kue-nmbo HeZonycTUMbIe AeddeKTbl.

KoadybuuueHT koHTpONA
Cq=0,8 Ca=0,9
PacnonoxeHue Llenas aetanb Hekputuyeckasn 3oHa Kputuyeckas 3oHa
NMoBepXxHOCTHbIe AetheKTbl
TpebosaHue Cm.7.14

TpeLUMHbI, MOPLUMHDI, KOPOMbKU U HeCNNaBnNeHHbIE xepebeitku He AonyckaloTes

CM.7.1.5

MeTtoga koHTpons

BuayanbHbiii (ansa Cq = 0,8 n Cq =0,9)

YacToTa KOHTpOns

100 %

HedekTbl BONM3U NOBEPXHOCTH

TpebosaHue Het Tpe6oBanuii HeT TpeboBanuii Cm.71.7
MeToa KoHTpons He npumeHumo He npumeHumo MarHuTonopoLLKOBbIA
KOHTpOSb Ans dbepput-
HbIX MapOK-

KanunnspHbiit KOHTPONb
ONA ayCTeHUTHBLIX MapoK

YacToTa KOHTpOns He npumeHumMo He npumeHumo 100 %
BHyTpeHHUe AedexTbl (MMKPO- U MaKPONOPUCTOCTh)
TpeboBaHue Cm.7.1.6 CMm.7.1.6 Cm.7.1.9
(EN 12680-3, (EN 12680-3,
YPOBEHb XECTKOCTH 3) YPOBEHb XXECTKOCTH 3)
MerTog KoHTpons YnbTpa3ByKkoBOW KOH- YnbTpassyKkoBoMh KOH- Papuorpaduieckuii
TPOJSIb/CEKUMOHUPOBaHUE | TpOMb/CEeKUMOHMpOBaHUe KoHTponb

61



CTBb EN 13445-6-2009

OkoH4YyaHue Tabnuubl 7.1-2

YacTtoTa koHTpOns

UexoaHble o06pasubl.
CnyuJaiiHble o6pasLpbl
NpOU3BOLACTBEHHOW

MUcxogHblie obpasupbl.
CnyuaitHble o6pasubl
Npou3BOLCTBEHHOIA

UcxoaHble obpasubl.
MocnegHss oTnueka
Kaxaou napTum

cepum ° cepum ®

2 Mo cornacoBaHWI0 MeXay 3aMHTePeCOBaHHLIMM CTOPOHAMU.
YnbTpasBYKOBOW KOHTPOSb OTNIMBOK MOXET MCMOsb30BaThCs B3amMeH paguorpaduieckoro KOHTpOMs No cornacoea-
HUIO MeXaY 3aUHTepPeCcoBaHHBIMU CTOPOHaMMU.

7.1.4 NoBepxHOCTHLIE AedeKTbI

BkpanneHus necka, LUNaKkoBbIe BKMIOYEHUs1 M PaKoBUHBI JOMKHbI BbITb OrpaHuyeHbl crefyoLmm obpasom.

Onsa Cq = 0,8 u Cq = 0,9 — HekpUTUUECKaN 30HA:

[lonyckaeTcs makcumym nsaTb aedektos B keaapate 100 x 100 MM B HanpasfeHun BHYTPb U HApyxy.
Hukakue n3 HMX He OOMKHbLI MOKpPbIBaTh nnowaab Gonee 100 MM a cymmapHasi nnowaab AedeKkToB He
[JOrKHa npeBbilLath 200 Mm2.

MakcumaneHasi gonyctumas rnybuHa aedekta AormkHa OblTb TakoBa, YTOObl BbiAepKusanacb MUHU-
MarnbHas TOJLMHA CTeHKW. [lonyckaeTcs 3auncTka Takux NOBEpXHOCTHbIX AedheKToB O MUHMMaNbLHOR Ton-
LLIMHBI CTEHKW, yKa3aHHOW Ha YyepTexe.

Cq = 0,9 — KpUTUYECKas 30Ha:

He ponyckaetcs Hannyve AedeKToB B KPUTUHECKON 30He. [lonyckaeTcsi 3a4McTka NoBepXHOCTHbIX Ae-
heKToB 0 MUHUMAIbHBIX pa3MepoB, YKasaHHbIX Ha YepTexe, Npy YCIIOBUM OTCYTCTBUSI KOHLEHTpaLMK Ha-
NpsKEHWA.

7.1.5 TpelwuHbI, MOPLYMHBbI, KOPONbKU U HEeCNNaBneHHbIe Xepebeku

He ponyckalotcs BUAUMbIE TPELLMHBI, MOPLLMHBI, KOPONBKU U HECTNaBneHHble xepebeiku.

B cnyyae coMHeHuWit B cepbe3HoCTU fedhekra MoxeT notpeboBaTbCcsl KANUIIAPHbLIA KOHTPOSIb B COOT-
BeTcTBumM ¢ EN 1371-1:1997.

7.1.6 YnbTpa3ByKOBOM KOHTPONL W/UNM CeKIMOHMPOBaHue

YnbTpa3ByKOBO KOHTPONb AOMKEH BhINOMHATLCS B cooTBeTcTBUM ¢ EN 12680-3:2003.

Ecnu ynbTpasByKOBOW KOHTPOMb MPaKTUYMECKM HEOCYLEeCTBUM, BbINONMHAETCA CEKLMOHUPOBaHWe ANA
BU3yarnbHOro 06HapyKeHUs BHYTPEHHUX AEDEKTOB.

He ponyckatoTcst AedeKTbl Ha OCHOBHBIX YacTsiX, HAXOASLMXCA NoA AaBneHUeM (ceyeHue OTMUBKU C
MUWHUMarnbHoW TpebyeMoi TOMWUHOW CTEHKM, yKa3aHHOW Ha udepTexe). OgHako Mukpoycazka (ocesasi no-
PUCTOCTb) AOMYCKAETCA MPU YCIOBUM BbINONHEHWUs BCcex TpeGoBaHUi N0 MexaHU4eCKUMM CBOMCTBaM B CTaH-
AapTe Ha maTepuarn.

MpumevaHue — Mukpoycaaka onpeaenseTca kak pakoBuHa pasmepomMm meHee 0,5 Mm.

Ha ppyrux qac'rﬁx OT/IMBKM [ONycKalTcs AedeKTbl, pacnosioXeHHble B LEHTpe M He NoKpbiBaloLme
nnowans 300 MM?, NPU YCHOBUM, YTO MUHMMANLHOE PacCTOSHWUE OT MOBEPXHOCTU COCTABAET MUHUMYM s
TONWMWHBLI CTeHKWU, HO He MeHee 3 MM. [lecbeKkTbl He [OMYCKAlOTCS BOKPYr CBEpneHuid unvM Mect noa ceeprie-
Hue B npepenax obrnacTtu ¢ AuaMeTpoM, paBHbIM ABYM AMaMeTpam OTBepCTUs, LIeHTP KOTOpO# coBnajaer ¢
LEHTPOM OTBepcTMA. [lonyckaeTcs TONbKO MMKpOycaaka Ha LeHTparbHOW OCW MpU YCIOBUM BbINOMHEHUS
TpebyeMbix MexaHVYECKUX XapakTepucTuK cTaHaapTa Ha martepuar.

7.1.7 MarHUTONOPOLIKOBBI KOHTPOSb (TONbKO AnA (heppUTHbIX MapokK)

WUcnbitanusa npoBogsaTtcs B cootBeTcTBMU ¢ EN 1369:1996. MakcuMarnbHbIli YpOBEHb XXECTKOCTU AOMKeH
6bITb He HKe SM 3 B Tabnvue 2 EN 1369:1996 u LM4/AM4 B Tabnuue 4 EN 1369:1996.

7.1.8 KanunnsapHbIiA KOHTPONb

WUcnbitaHusa npoeoasTcs B cootBeTcTBUM ¢ EN 1371-1:1997. MakcumanbHbIin YpOBEHb XXECTKOCTU A0r-
XeH GbITb He Huxe SP 02/CP 02 B Tabnuue 2 EN 1371-1:1997 u LP 2/AP 2 B Tabnuue 3 EN 1371-1:1997.

7.1.9 Paguorpacduyeckuin KOHTponb

WUcnbitaHus nposogsTcs B cooteTcTBUAM ¢ EN 12681:2003 Ha nneHke pasmepom He meHee 100 x 240 mMm.
Mpu nio6om pasmepe He AONYCKAOTCA:

— MATHA, NONOChI, TPELUMHDI, FopsUMe HaapbIBbI;

— nopucTocTb (Thn A, knacc 5);
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— BKpansieHus necka (tTvn B, knacc 5);
— ycagka (tun C, knacc 5).

7.1.10 WWiepoxoBaToCTh NOBEPXHOCTH

LLlepoxoBaToCcTb OTIMBKA WSIM YMCTOTa MOBEPXHOCTU JOSKHa 6biTb yTBEpXAeHa nokynatenem Ha o6-
pasue oTnuBkW. 3aBOACKWE OTSIMBKUA [OMKHbI UMETb LLIEePOXOBaTOCTb MOBEPXHOCTU, CPaBHUMYIO C yTBEp-
XAEeHHbIM 0OpasLoMm.

Mpu HeoGXOAMMOCTM LUEPOXOBATOCTb MOBEPXHOCTA OTNIMBKU NPOBEPSIOT U YKa3blBAlOT COrMacHo
EN 1370:1996 ¢ ncnonb3oBaHUeM BU3yarnbHO-TaKTUIbHBIX KOMNapaTopos NMB0 COrnacHo ykasaHUsM U3ro-
TOBUTENA.

7.1.11 MMHMManbHan TONWMWHA CTEHKU

OTNMBKM N3MEPSAIOT B YKazaHHbIX MeCTaXx ¢ LieNblo NPOBEpKK, YTO AOCTUIHyTa Tpebyemas MUHUManbHas
TOrLMHA CTEHKM.

PesynbTtaTbl A0mKHBI 6biTb 3adhMKCMpPOBaHbI B NPUNOXEHUU K cepTudMKaTy Ha Matepuarn.

M3mepeHune BLINOMHAIOT NPYU MOMOLLU YNETPa3BYKOBbLIX MK NOBLIX MexaHU4Yeckmx Npubopos ¢ TOYHO-
CTbIO COrfIacHO YKa3aHHbLIM NMPOEKTHbIM A0MyCcKaMm.

7.1.12 [lonycku TOMNWMUHbI CTEHKN

M3aroTtoBuTenb OTNMBOK PEryNsipHO YCTaHABIIMBAET AONYCK TOMLMHBI CTEHKM.

Jlonyck TonwmHbI CTeHKU NnpuBoaMTCs B cooteeTcTeum ¢ ISO 8062-3:2003.

MpumeHsieMbI Knacc Aonycka OTNMBKM 3aBUCUT OT npouecca NuTbsA. MaroToBuTenb OTIMBOK LOIDKEH
[loKa3aTb cocoBHOCTL o6ecneynTb COOTBETCTBUE COMNacoBaHHbIM AOMYCKaM.

7.1.13 [pyrue pasmepbl

MepBoHauanbHbie 06pasLbl noanexaT NONHOW NPOBEPKe pasMepoB.

B npouecce cepuitHOro Npou3soACTBa COOTBETCTBYIOLME pa3Mepbl NOANEXAT perynsipHOMYy KOHTPOTIO,
4TOGbI rapaHTMPOBaTL COOTBETCTBUE HEPTEXY.

7.1.14 Ksanudcdukauma nepcoHana KOHTponsa
MepcoHan, BbINOMHSAIOLLMA KOHTPOSb, AOMKEH NpoiTU keanudukaumio B cootBeTcTBum ¢ EN 13445-5:2009.

7.2 OKOHYaTenbHas oueHKa

7.2.1 O6wmMe nonoxeHus

OkoHuaTernbHas oueHka BbinonHsieTcs B cootBeTcTBUM G EN 13445-5:2009 (pasgen 10), 3a ucknioueHuem
CTaHAAPTHOrO AaBMneHUs1 rmapaBuyYeckux UCNbITaHWiA.

7.2.2 [laBneHue ruapaBriMHeCKMX UCNbITAHUNA

Bce getanu U3 4yryHa ¢ wapoBuaHbIM rpacuTom, HaxodswmMecs nop AaBreHUeM, noanexar rmapas-
TNINYECKUM UCTbITAaHUAM C AaBneHreM, 6onbM nvbo paBHbIM:

_143-P,

P, = .
C; -Cq

(7.2-1)

Ecnu yaen cocTouT us geranei M3 YyryHa c LIapoBWAHLIM rpacUTOM, CMPOEKTUPOBaHHLIX C Pa3nuyHbl-
MU koath1LIMEHTaMU KOHTpossi, He0BX0aUMO NPUMEHUTb HaMBbICLLEe AaBrieHne ucnbiTaHuin. Heobxoammo
npoBepuTb, YTOOLI NOA AaBneHUeM rMapaBrMYEecKUX UCTIbITaHWIA HU ANA OAHOI U3 aeTaneit He Gbino npe-
BbILLEHO AonycKaemoe HanpsbkeHue, ykasaHHoe 4118 3TOW aetanu cornacHo 5.2.2.3.

8 Cocyabl, pabortalowme noa AaBneHUeMm, cogepxalje 4YacTv, U3roTOBMNEeHHble U3
pa3nuM4HbIX MaTepuanos

Ecnu B cocygne, paboTatoiem noa AaBneHUeM, YacTu U3 YyryHa ¢ LUapoBMAHLIM rpachuTOM COeANHEHbI
HeNpoHWLaeMbIM COeAWHEHWEM C APYrMMU METanfMyeckuMu YacTsaMW, WU3rOTOBIIEHHbIMA NOCPEeACTBOM
CBapKW, KOBKA U T. M., TO 3rieMeHTbl, U3rOTOBINEHHbIE B COOTBETCTBUU C pa3nnyHbIMU TEXHONOIUSAMU, OOIDKHbI
oTBevaTb TpeOOBaHMAM K KOHCTPYKLIMKM, KOHTPOITIO U UCTbITaHUSIM COOTBETCTBYHOLMX pa3aernoB EN 13445-5:2009.

CobpaHHbIn cocya AOMKEeH oTBeyaTb TPEOOBaHMAM K rMapaBrUHMEecKUM WCMbITaHMAM MpW OaBreHu,
paBHOM HauBbICLLEMY OABMNEHUIO UCTILITAHUIA OTAENbHBIX 3NEMEHTOB c6opku. HeobxoamMmMo npoBepUTb, YTO-
Obl noa AasneHueM ruapasnuyeckux UCMbITAHUA HK Aansa oaHoro 13 anemMeHToB He 6bino npesbILLEHO aonyc-
Kaemoe HanpsikeHue, ykasaHHOe Ans 3TOro SreMeHTa.
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9 MapkupoBKa U AOKyMeHTaLusA

9.1 MapkupoBKa OTIIMBOK

MapkupoBka OTINMBOK COCYAOB, paboTatolwmx Nog AaBneHNeM, U NUTbIX SNIeMEHTOB COCyZ0B He3aBUCUMO
OT KO3 pULMEeHTa KOHTPONA AO0MKHa coaepXaTh Mo MeHbLUein Mepe cneayloLlyio MHOpMaLUIo, npennoy-
TUTENbHO B BUAE NUTbIX CUMBOJSIOB C MUHMMArbHOM BbICOTON 6 MM:

— NOroTMN UM NAEHTU(PUKALMOHHBIA 3HAK M3rOTOBUTENS OTIINBKMK;

— TUN UNKU HaUMEeHOoBaHUe;

— Mmapky matepuana corrnacHo EN 1563:1997 vnu EN 13835:2002;

— [aty oTNMUBKK, HOMep OpPMbI UNK NapTUK;

— k0abULMeHT KoHTpons, ecnim Cq = 0,9.

JlnTble cumMBONLI, penbedHble, BbICTyNarowme Unm aarnybneHHsle, He AOMKHbI OKasblBaTb OTPULIaTesb-
HOe BIUsiIHWe Ha NMPOYHOCTb, CTaTUYECKYIO U AMHAMUYECKYIO YCTOWYUBOCTDL UNWM MECTHYIO KOHLIEHTpaLuio Ha-
NPsHKeHWIA cocyaa Mnu Yacten cocyaa, paboTaiowero nog AasneHuem. BollweonucaHHas MapkupoBska OT-
JIVBKU MOXET ObiTb 3aMEeHEeHa CMCTEMOW YCNOBHbIX 0603HA4YeHUI, COrmacoBaHHOW MEX/Y 3aUHTepPeCOBaH-
HbIMW CTOPOHaMu, a Takke MOXeT ObiTb BbiMONHeHa WTaMnoBko. flomkHa ObiThb rapaHTMpoBaHa nonHas
NpocneXxusaeMocTb AeTanu no matepuary u ceptudukaTam UCTbITaAHUIA.

9.2 NacnopTHas Tabnuuka aAns co6paHHOro cocyaa, paboraiouiero noa AasreHUEM
MapkupoBKa cocyaa AomkHa BLINONHATLCA B cooTBeTCcTBUM C EN 13445-5:2009 (pasanen 11).
9.3 [lokymeHTauus

MNucbMeHHoe 3asBneHne O COOTBETCTBUM CO CTaHAAPTOM, PervcTpauMOHHLIMW 3aMUCSMU U ApYIMMU
3HaYMMbIMU [OKYyMEeHTaMKn AomkHO oTteeyatb EN 13445-5:2009.
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lNMpunoxeHue A
(obsi3aTenbHoe)

TexHuyeckue AaHHbIC LIS NPOEKTHLIX pacyeToB

A.1 HasHaueHue

B HactosileM npunoxeHun Ans AONYCTUMbIX CTaHAAPTHLIX Mapok Matepuana ¢eppuTHOro U aycre-
HWUTHOTO YYryHa C LUapoBUAHBLIM rpacMTOM Ansi COCYZI0B M 3NeMeHTOB COCyAoB, paboTalowmx nog, AaeneHu-
€M, NPUBOAATCA COOTBETCTBYIOLIME 3HAYUMMBIE TEXHMYECKME XapaKTepUCTUKWU, KOTOpbie MCNONb3YIOTCHA Npu
NpoekTHbIX pacyeTax. OB6o3HaveHne MaTepuana u cooteeTcTByloLme Tpe6oBaHuA cootseTcTByioT EN 1563
unu EN 13835.

Mpu ucnonb3oBaHuK APYrUX Matepuanos COrMacHO NocneaHeMy npeanoxeHuto 5.1 TexHudeckue xa-
PaKTepPUCTUKW, UCNONb3yeMble NpU pacveTe, NPMHUMAIOT U3 AelCTRYIoLEero EBponenckoro paspellieHns Ha
maTtepuansl (EAM) unu oueHku koHkpeTHoro matepuana (PMA).

A.2 TexHUYeCKME XapaKTEPUCTUKN

A.2.1 ®eppuUTHLIN YYryH ¢ WapoBUAHLIM rpachmTom B cootBeTcTBUM C EN 1563:1997
Ta6nuua A.2.1-1 — TexHnyeckue xapaxTepucTuku hbeppuTHOro YyryHa ¢ WaposuHbIM rpadurom

O6o3HaveHue MaTepnana 0,2%-Hbiit Moayns
YCNOBHbIA Npeaen ynpyrocT E, KoaddomumeHt MnoTHoCTb,
Cumson Howep | TOKWNECMRwz | T40°Mna Myaccona v krlam
EN-GJS-350-22 EN-JS1010
EN-GJS-350-22-RT EN-JS1014
EN-GJS-350-22-LT EN-JS1015 290
EN-GJS-350-22U EN-JS1032
EN-GJS-350-22U-RT EN-JS1029
EN-GJS-350-22U-LT EN-JS1019
EN-GJS-400-18 EN-JS1020 250 169 0.275 1
EN-GJS-400-18-RT EN-JS1024
EN-GJS-400-18-LT EN-JS1025 240
EN-GJS-400-18U EN-JS1062 250
EN-GJS-400-18U-RT EN-JS1059
EN-GJS-400-18U-LT EN-JS1049 240

Tabnuua A.2.1-2 — BnusaHue pacyeTHOM TemnepaTypbl Ha MOAYfb YNPYroctM (heppuTHOrO YyryHa ¢
WapoBUAHLIM rpaduToM

PacyeTtHas Temnepartypa, °C 20 100 150 200 250 300
Moayns ynpyroctu E, 10° MMa 169 167 165 163 161 159
KoadpdpuuueHT MyaccoHa v 0,2750 0,278 0 0,279 5 0,2810 0,282 5 0,284 0

A.2.2 AycTeHUTHbII YYTyH € WapoBuaHbIM rpacduTom B cooTBeTcTBMM ¢ EN 13835:2002
Ta6nuua A.2.2-1 — TexHU4ecKkue xapakTepucTMKM ayCTEHUTHOIO MyryHa ¢ LapoBUAHbLIM rPactUToOM

O6o3HaveH1e MaTepuana 0,2%-Hbli Mogyns
YCMOBHbIVA npegen ynpyroctw E, KoatbdouumeHT MnoTHOCTb,
Cumson Homep Tequ:ﬁIlg Reoz. 10° MMa flyaccoua v kr/am
EN-GJSA-XNiMn23-4 EN-JS3021 210 130 0,17 7,45
EN-GJSA-XNi22 EN-JS3041 170 100 0,17 7,40
EN-GJSA-XNiMn13-7 EN-JS3071 210 145 0,17 7,30
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Tabnuua A.2.2-2 — BnusiHve pacyeTHOM TemMnepaTypbl Ha MOAYNb YNPYrocTu ayCTEHUTHOro MyryHa cC
WapoBUAHBLIM rpacduToM

PacueTHas TemnepaTtypa, Mogyns ynpyroctu E, 10° MMa

°C EN-GJSA-XNiMn23-4 EN-GJSA-XNi22 EN-GJSA-XNiMn13-7

20 130 100 145
100 128 98 143
150 127 97 141
200 125 96 140
250 124 95 138
300 123 94 137
350 H/n 93 H/n
400 H/n 92 H/N
450 H/n 91 H/n
500 H/n 90 H/n
540 H/n 89 H/n
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MpunoxeHue B
(cnpaBo4Hoe)

MnacTnyHocTL

WcnonbsoBaHue NnacTtu4HOro Matepuana, Takoro kak heppuTHbIA U aYCTEHUTHBIM YYTyH C LIAapOBUA-
HbIM rpacuTom, Ans NPpUMEHeHVs1 NMpYU PacTArMBaloWMX Harpyskax TpebyeT Harpy3o4HOW OLEHKM Xapakre-
PUCTWK NPOYHOCTU U yAapPHOIA BA3KOCTU B 3aBUCUMOCTU OT paboueli TeMnepaTypbl U CKOPOCTU NPUIIOXEHUS]
Harpysku ¢ Lienblo obecneveHuss HaaeXHOCTU NPOTUB XPYNKOrO pa3pyLUEHUs BO BCEX YCOBUAX IKCIUTyaTaLyu.

Cpeau npoyero, KpUTEPUM OLIEHKW ANsi NPOEKTUPOBAHWUA OCHOBaHbI Ha pacyeTe NPOMHOCTU U YCTaHOB-
NEeHMU HOMWHANLHOrO HanpsikeHusi. HeobxoauMo rapaHTUpOBaTLb OTCYTCTBUE XPYMKOrO paspylLeHusi He
TOMbKO ANA ANHAMUYECKM HarpyKeHHbIX dremMeHToB. B ycnoBusix, cnocoBGCTBYOWMX XPYNKOMY paspylLue-
HUIO, UMEEeTCA BEpOSITHOCTb TOro, YTO paspylleHue HaYHEeTCA MPU HanpsHKeHUU 3NEeMEHTa, MeHbLUEM Mpe-
Aena TeKyyecTu, M 3aTem npueBefeT K paspylleHUI0 u3-3a HEYCTOMYMBOrO PacnpPOCTPaHEHWs TPELLMHbI.
Tonbko Npu AOCTAaTO4HON U U3BECTHOM YOAPHOW BA3KOCTW UMW NNACTUMHOCTM MaTepuan MoXeT obecneumnTb
BbINOMHeHWe Tpe6oBaHUA YTEUKU [0 pa3pyLUEHUs K 3NEMEHTY.

WUcnbiTaHus Ha yaap o6pasua ¢ Hagpe3oM U3 YyryHa C LWapoBuAaHbIM rpachuToM — aTo 06bluHbIA MeToA,
onpenerneHusl HaleXXHOCTU NPOTUB XPYTKOrO paspylueHusi. SHeprua yaapa, yaapHas BA3KocTb obpasua ¢
Hagpe3oM unu aHepMsa yaapa obpasua ¢ Haape3oM COOTBETCTBEHHO NPeUMYLLECTBEHHO UCNONbL3YIoTCsl B
KavyecTBe Mepbl Ans onpeneneHus yaapHoi BA3KOCTU UM HeAOCTaTOMHON XpynkocTu. M3-3a HEBO3MOXHO-
CTU pa3fenuTb OTAENbHbIE MEXaHWU3Mbl S3HEPIUK, Takue Kak nnactuveckas aedopmaums, 3apoxaeHue Tpe-
LMHbBI M pacnpoOCTPaHeHWe TPeLUHbI, MPUMEHSIIOT UCTbiTaHue Ha yaap obpasua ¢ Hagpe3om C UCTONb30Ba-
HUEeM U3MepuTernbHBIX NPUBOPOB MNKU pasnuuHbIe METOAbl MeXaHWKU paspywenus. MocneaHee, B YacTHO-
CTW, NoaxoauT Ans 6onee KPynHbIX 31IEMEHTOB.

Ana KOHUEeNuUMU MexaHWKU paspylleHWs pasMep TpeluuHbl U HanpsikeHe anemMeHTa KONW4ecTBEeHHO
CBfi3aHbl C XapaKTePUCTUKOW MaTepuana, KoTopblii, Takum 06pasom, SBNSETCA MEpo CONPOTUBNEHUA pac-
NpoCTpaHEeHWIo TpeLUHbI. Lienbio siBnseTcs onpeaeneHne KpUTUYECKOro pasmepa TpelnHbl UM Hanpsbke-
HUS1, NPVMBOASALLEro K HeYCTOWYMBOMY NMYTH TPELLMHbI U BHE3aNHOMY pa3spyLUEeHUIO 3NeMeHTa.

MexaHvka nMHenHo-ynpyroro paspylleHus no3sonsieT KoNW4YecTBEHHO onpefenuTb paspylueHue are-
MEHTOB C Tpell¥HaMu B pe3ynbTaTe HeyCTOWYMBOIO pacnpoCTpaHEHUsi TPeLUHbLI NPy CTaTU4eckoM Harpy-
KEHUM WAW YCTOUMBOrO pacnpocTpaHEHUA TPELMHbI NPU LIMKIUYMECKOM HarpyXeHun. Dta onpegeneHHas
BA3KOCTb paspylueHus KIC onpepensier conpoTMBNeHWe marepuana HeyCTOMYMBOMY PacnpOCTPaHEeHuio
TPELUMHbI, NMPUBOASLLEMY K XPYNKOMY paspylueHuio. [ins BA3KMX mMatepuarnoB 3Ta KOHUeNnuus npuMeHuma
TOMbKO NPU HU3KUX TemnepaTtypax unu npyv Hanuuum 3pEKToB OXPYNYMBAHUS, HaNPUMep M3-3a MUKPO-
CTPYKTYPbI Unu 60nbLIOK TOMWMUHBLI CTEHKMW.

Obwwan MexaHWKa NNacTUYECKOro paspyLLEeHUs UCMONb3yeTCsl, eCNU Nepeq BepLUMHON TpeLuHbl UMeeT
MeCTO nnacTuyeckas Aethopmauusi yanuHeHus, T. €. ynpyronnactudeckoe nosefcHue martepuana. Onpege-
neHve MOXeT BLINOMHATLCS Npexae Bcero nocpeacTsoM koHuenuuu CTOD (packpbiTve B BepLUMHE TPELLUHBI),
Npy1 KOTOPO MEXaHU3M pa3spyLLUEHUS] KOHTPONUPYETCA KpUTU4ecKoin AecdopmManven B BepLUIUHE TPeLLMHbI.

Mpu J-uHTerpanbHOi KOHUENUUKU onpeaensiioT NUHERHbIA MHTerpan BOKpYr BepLlUMHbI TpewnHbl. AHarno-
MYHO NpeabiayLlein KoHUEeNnUu nonyyaroT XapakTepucTuKy Matepuana, kKotopasi onpeaensiet conpoTuene-
HUe 3apOXXOEHUIO TPELLUH.

Bauay BbiLeyNOMSAHYTLIX 3aMeYaHuiA MOHATHO, YTO camo o cebe onpegeneHWe aHepruu yaapa ¢ Hag-
pe3om B (heppUTHOM UyryHe C LUapOBUAHLIM rPacPMTOM HUKOMM 06pa3oM He NpPeACTaBNAeTCA A0CTATOUHOMN
MepOoit Ans CPaBHEHWUSA ero YAapHOW BA3KOCTU UMW NNACTUMHOCTM CO cTarnbio. MpuunHOi TOMYy ABNSAETCA He-
BO3MOXHOCTb YTO-NMbO yTBEpXKOaTh O NnacTuyeckon AecopMUpyemMOCTU U NMOBEAEHUU NPU pacTpeckusa-
HUKM MaTepuana.

HanpoTtus, deppuTHbIE YyryHbI C LLAPOBUAHBLIM rpacuToOM, UMEIOLLIME IHEPTUIO yAapa NpU UCNbITAaHUAX
obpasua ¢ HagpesoM oT 12 go 20 [k, o6napaloT xapakTepucTUKaMu 3apoXXAEeHUs TPeLUUHbI, KOTOpbie COOoT-
BETCTBYIOT HEnerMpoBaHHbLIM U HU3KOSIErMpoBaHHbLIM CTansM CO 3HaYuTenbHON Gonblueit 3Hepruelt yaapa
obpasua ¢ Hagpeaom okono 50 [k B BepxHeM NONOXeHUWU. 3HayeHUsA BA3KOCTU paspylueHus heppuTHOro
YyryHa ¢ LiapoBuaHbiM rpachutom obycrnoBnuBaloT ynpyronnacrmyeckoe noBefeH1e Npy paspylueHun aaxe
npu Temnepartypax —60 °C, T. e. XeCTKyl0 XapakTepucTUKy pa3pyLLeHUsi, TaKylo, 4To 3HayeHus KIC HaxoaaT-
Csl Ha YPOBHE HerlerMpoBaHHbIX U HA3KONErMpoBaHHbIX CTarnei.
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MpunoxeHue C
(cnpaBo4Hoe)

OnpepeneHue MUHUManNbHON MeCTHOM TONLLMHbI CTEHKM U MUHUMaNnbHOro TpeGyemoro
AaBNeHust UCNbITaHUN Ha pa3pbIB

MUcnonbsyemblie hopmyrbi:

S-PS Ry J%_

e, =€,
: oo (Pb,ect'RpO.Z'CQ'CT'Ce

ans heppuTHBLIX MapoK

Tabnuua C-1 — laHHble

€in > e, +¢,

Rooziz0 1.
- 3

Rypar  Cr

C, =1-0001(T - 20);

f (en—C 5
PS<PRu & (e—J .
m(3) act

(C.1)
(C2)
(C.3)

(C.4)

(C.5)

lMpoeKkTHbIe JaHHbIe

BblyucneHHble faHHbIe

U3mepeHHbIe AaHHblIe

n = 1 (UckpuBrneHHast obnacTb)

PacuyeTHble XapakTepucTUKu
npunoxenus A

Rpolz =250 Mla

PS = 8 6ap (0,8 MMa) Ps=1,30 MMNa Py act = 13 MIMa (130 Gap)
MakcumarnbsHoe paboyee gaBneHue PacyeTHoe naBneHve dakTuyeckoe AaBneHue paspbisa
€min =7 MM _ €act = 8 MM
e;=3,69 MM
MuHUManbHas TonwuHa a_ dakTuyeckan usmepeHHasi
Ha YepTexe PacuetHan Tonwuka TOMNWWHA Yy pasopBaHHOW CTEHKU
c=1mm f= 60 Mla, HoMMHanLHoe
pacyeTHOe HanpsHKeHue
_ ° Cr=09
7=120°C TemnepaTypHblil K03 ULMeHT
S=3
Cq=0,8

MamepeHHble XapaKTepUCTUKK
martepvana

Rpo2 =280 MMa
dakTuyecknit YCroBHbIN
npeaen TekyvecTu

Ans EN-GJS-400-18

Rm(3) =450 MMNa
CpeaHsn dakTuyeckan
MPOYHOCTb Ha pa3pbiB No
Tpem o6pasuam Asfis UCTIbITaHuWiA

3aknioueHue

P4 pacyeTHoe paeneHue = 1,3 MlMa > PS: ynoeneTBopUTenbHO.
€act = 8,0 MM > epin = 7,0 MM > €, + ¢ = 3,69 + 1 = 4,69 MM; TONWMHA CTEHKU YAOBIETBOPAET MaKcu-
ManbHbIM pabounm ycnoeusiM (PS = 8 6ap unu 0,8 MIa).
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MpunoxeHue D
(obsi3aTenbHoe)

OueHKa yCcTanocTHOW AONroBe4yHOCTH

D.1 HazHaveHue

D.1.1 Hacrosiliee npunoxeHue yctaHaBnusaeT TpeboBaHWUA K yNpolleHHON u/unu noapo6Hoit ouieHke
yCTanocTHOi gonroBeyHocTU o6opynoBaHusi, paboTalowero nog AaBneHWeM, noj aeicTtBMeM KoneGaHuin
AaBreHus, AOMOSIHUTENLHOIO HaNpsHKEHUs OT U3MEHEHUW TemnepaTypbl Npu pabouux ycroBuAX WNK Oo-
NOSNTHUTENbHLIX MHAYLMPOBAaHHLIX HanpsbkeHWi BCeACTBUE BHELLUHUX YCUInuiA B KPUTUMECKUX 30Hax (onpe-
AeneHne KpuTuyeckon 3oHel cM. B 3.1.1). ObopyaoBaHue, paboTaloliee nog AaBrneHUEM, U3 YyTyHOB C Lua-
poBMAHbIM rpacUTOM OMKHO NPOEKTUPOBATLCA U U3rOTABNAUBATLCA B COOTBETCTBMM C HACTOSILLIMM €BpO-
NencKkUum CTaHAapToOM, U AOMKHBI UCNOMNb30BATLCA Mapku MaTepuana cornacHo tabnuuyam 5.1-1 n 5.1-2.

D.1.2 lMpaBuna ynpoweHHOW OLEHKU MOTyT NMPUMEHATLCA TONbKO B criydae konebaHwin BHYyTpeHHero
AasneHusi. NoapoGHas oueHka OTHOCUTCS K konebaHusiM AaeneHUs U BO3MOXHBLIM APYTUM LIUKIMUYECKUM Ha-
rpyskam, TakuMm Kak AOMOMHUTENbHOE HanpsbkeHue us-sa ObICTPbIX NepenagoB TemnepaTyp B pabouux yc-
NOBUAX UMK AONOMAHUTENbHBIE UHAYLIMPOBaHHbIE HAaNPAXXeHUA BCReACTBME BHELUHUX YCUIUIA B KPUTUYECKUX
30Hax (onpeaeneHue KPUTUHECKOM 30HbI cM. B 3.1.1).

MpumMeyaHre — MpaBuna ynpoLLEeHHO! OLIEHKM OCHOBaHbl Ha KOHCepPBaTUBHDLIX JonyLueHusx. Boree TouHble, MeHee

KOHCepBaTWBHble pe3ynbTaThi MOryT ObiTh MOMy4YeHbl NPY UCNONL30BaHUKM NpaBun NOAPOGHOI OLLeHKK.

D.1.3 lNpepnonaraetcs, 4To cocyn Gbin CNpoekTMpoBaH B COOTBETCTBUM CO BCeMM TpeGoBaHMsIMM
EN 13445-6. Hacrosiluee npunoxeHue NpUMEHSIETCA TOSMbKO NPU HEBLINOSIHEHUW YCNOBWW 3KcryaTauuu
AnA cnyJyas ctatudeckoid Harpysku (cMm. pasgen 4, Tabnuua 4.1-1).

D.1.4 YcranocTHble TpewmHbl MOTyT pacnpoOCTPaHATLCA OT NOBEPXHOCTHLIX AedEKTOB, PaCNONOXEHHbIX
Ha CTOPOHEe, NMPOTUBOMOMNOXHON Harpyske AasneHus. Kputepumn npuemkn Ans 3TMxX Ae(PEKTOB NPUBEAEHDI
B 7.1. CBAEeTEen-CTBOM BO3MOXKHOTO paspyLUeHUs Noa BO3AEWCTBUEM LIMKIMUYECKMX Harpy3oK ABNsSeTcA BO3-
HUKHOBEHUWE MOBEPXHOCTHLIX YCTANOCTHbIX TPELUUH, KOTOPbie MOXHO OGHapyXUTb ¢ UCNONbL30BaHUEM COOT-
BETCTBYIOLLErO MeToZla HepaspylualoLero KOHTPONs U xapakTep KOTOPbIX MOXHO OLIeHUTb ONTUYECKUM UC-
crnefoBaHueM.

D.2 CneunanbHble onpegeneHUs

Cwm. EN 13445-3:2009 v pazgen 3.

D.3 CneunanbHble CUMBOJSbI U COKpalleHnA

Cnepyiowe CYMBOMbI M COKPAaLLEHUs1 UCTIONbL3YIOTCA B AOMNONHEHue K npuBeAeHHbim B 3.3 1 B
EN 13445-3:2009 (pasnen 4, n. 17.3 n 18.3).

Cc — koathULMeHT B (hopMyre pacyeTHOW KPUBOW yCTarocTu Ansi ANeMeHTOB U3 YyryHa ¢ Wwaposua-
HbIM rpaUTOM;

Mg — 3KCMoHeHTa B hOpMyrie pac4eTHON KPMBOW YCTAIIOCTU AFisi SNIEMEHTOB U3 YyryHa C LIapoBUAHbLIM
rpacouTom;

Bmax — MaKCUManbHasi MecTHasl TomnliMHA arieMeHTa B MecTe BO3MOXHOro o6pa3oBaHus yCTanocTHON
TPEeLLMHbI, MM.

D.4 OrpaHuyeHns

D.4.1 [laHHble npaBuna NpUMEHSIOTCA K SNEMEHTaM, CNIPOEKTMPOBAHHBLIM C UCMONb30BAHNEM:

a) coopmyn;

b) pacyeTa METOAOM KOHEYHbLIX 3NIEMEHTOB.

D.4.2 [laHHble NpaBuna NPUMEHSIIOTCS TONbKO K aNeMeHTaM, 3KCnyaTUpylowmuMea BHe AuanasoHa nor-
3y4ecT (T. €. €CNM HOMUHanNbHOE pacieTHOE HanpsHKEHUe 3aBUCUT OT BPEMEHM).

D.4.3 [laHHble, Ha KOTOPbLIX OCHOBLIBAIOTCA AaHHbIE NpaBuna, AeACTBUTENbHbI ANS YCTanocTu B HeKop-
poavoHHoW cpeae. [peanonaraeTcs, YTo B CRy4Yae KOPPO3MOHHbIX YCIIOBWIA NPUHUMAIOTCA Mepbl NpeaocTo-
POXHOCTH, T. €. NPUMYCK HAa KOPPO3UIo W/UNK 3aLMTa NOBEPXHOCTHU.
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D.5 O6wue nonoxeHus

D.5.1 AP nony4aloT C NpPUMEHEHMEM YNPOLWIEHHOIO METOAA pacuyeTa LMKIIOB, OMUCAHHOIO B
EN 13445-3:2009 (n. 18.9.2), unu meToaa pacuyeTta uMknoB aAns pesepByapoB B EN 13445-3:2009 (n. 18.9.3).

D.5.2 Pacuetbl B cooTBeTcTBUM C D.6 Mnu D.7 BLINONHSIOTCA ANsi pasnuM4yHbIX arNeMeHToB cocyaa. On-
peneneHne HanpsbkeHusi B OTNMBKAaxX OCHOBAHO HA pacuyeTe HanpshkeHwid aeranei ¢ HagpesoM. HammeHb-
Wwan AONroBEYHOCTb, MOMNy4YeHHas AN KaXAoro 3nemeHTa, NnpefcTaBnsieT coboi ycTanocTHYI0 AONroBey-
HOCTb cocyAaa.

D.5.3 Iioboii paaguyc Haapesa AorpkeH 6biTb paBeH He MeHee 1,5 MUHUManbHOM TOMLWMHLI NpUneraio-
Wwew CTeHKM, 4To6bl CHU3UTL KO3(MULIMEHT MECTHBIX HanpshkeHWin. Bo nabexaHue pe3kux nepexogos Ton-
LWKHbI ceyeHust HeobxoaMMO NpeayCMOTPETb BENUYUHY cyxkeHust 1 : 3, kak ykazaHo B 5.2.2.6.

D.6 YnpolieHHas oLeHKa yCcTanocTm

D.6.1 [luana3oH nceBAO-YNpPYrux HanpsHKeHUn

YnpolleHHasa oueHka OCHOBaHa Ha onpeAeneHuy NPpUBeASHHOrO Auana3oHa NCeBaoynpyruX Hanpsike-
HUIA Ac* B cOMeTaHMM C pacyeTHbIMU KPMBbLIMKM YCTanNocTH, kak onpegeneHo B D.6.3.

- AP-3-f

= D.6.1
P fy e ( )

Ay

[ins ynpolueHusi MakcuManbHO AoNnycTUMoe AasreHue anemMeHTa (Prax) MOXHO NPUHATL paBHbIM Mak-
cvMarbHO JoNyCTUMOMY AaBlneHuto PS Bcero cocyaa Unu BbiYMCAIUTENLHOMY AasneHuto P.

Mpumeyanue 1 — 3Tu ynpoLleHus BeayT K 6onee koHcepBaTMBHLIM pesynbTaTam.

MpumeyaHue 2 — MockonbKy f U Pmax (D.6.1) NpUHATHI NpY BIMUCAUTENBHOW TeMNepaType, TeMnepaTypy, Npu ko-

TOPOI NPOMCXOANAT LMKIbI, YYUTBIBATh HE TpeGyeTca.

MpumeyaHue 3 — Pmax MOXHO paccuutatb B cooTBeTcTBUM ¢ EN 13445-3:2009. Ecnu HeBO3MOXHO NMPOM3BECTU

pacyeT MEeTOAOM NPOEKTUPOBaHUS C UCNONb3oBaHWeM YOPMyN NS OCHOBHbIX YacTeW, HAXOAALWMXCS Noa AaBne-

HUEM, MOXHO MPUHSATL AKCTIEPUMEHTAIIbHOE 3HaYeHne COrTacHO HaCTOSLLEMy EBPONEICKOMY CTaHAapTy.

3HayeHue KoadpcpuLMeHTa HanNpsHKeHUA M ANsl KKAOro aneMeHTa nomny4aiot M3 Tabnuubl D.1A Ha-
CTOSILLIeN YacTu.

Iins petanei, He ykasaHHbIX B Tabnuue D.1A, ucnonbsyetcs aHadyeHue Ans n = 3, ecnu Ucnonb3oBaHue
6Gonee HU3KOTO 3Ha4eHUst He MOXET ObITb 060CHOBaHO, HaNpUMep, TPEXMEPHLIM PacueTOM HaNpsHXKeHUi Me-
TOAOM KOHEYHbIX 3[TIEMEHTOB, 9KCMEePUMEHTAaITbHLIM aHANMU30M U T. M.

Mpumeyarue 4 — Bonee He TpebyeTca ucnonb3oBate Tabnuuy 17-1 ua EN 13445-3:2009, noacrasnsas koadduumeHT

CBapHOro coeAuHeHus z = 1.

MonpaBoyHbie koathhmumeHTsl f; U fr- ONpeaensioT, kak ykasaHo B D.6.2.

MonpaBoyHbIN KO3(POULMEHT YMCTOTHI MOBEPXHOCTU U CPeOHero YpPOBHS HanpsbkeHuin He Tpebyetcs,
MOCKOMbKY 3TOT KOA(PULIMEHT yKe yuTeH B pacyeTHbIX KpUBbIX ycTanocTtu D.6.3. daktuueckoe coctosHue
NOBEPXHOCTM JOMMKHO OTBEYaTb TpebosaHusM 7.1.

D.6.2 MonpaBoy4Hble kKo3thdpuumneHTbI
D.6.2.1 MonpaBka Ha TONLWUHY CTEHKMX

0,182
A =[ 25 } , (D.6.2)

emax

fa =1 NpH 6max < 25 MM (D.6.3).
MpY 8max > 150 MM NpUMeEHsieTCS 3HAaYEHUE fo MPU Bmax = 150 MM.

D.6.2.2 MonpaBka Ha TemnepaTtypy

MonpaBoyHbli ko3achthULMEHT TeMnepaTyphbl fr- NONy4aloT creayowyUm o6pasoM:
— Ans cheppUTHLIX MaTepuaros:

f-=103-15-10*.T" -15.10° .77 (D.6.4)
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= Onsi ayCTeHUTHbIX MaTepuanos:
f =1043-43.10*.T", (D.6.5)

rae CpeaHsas Temnepatypa LMKia CocTaBMseT:
=075-T,, +025.T.., (D.6.6)
fr- = 1 npv Temnepatypax T < 100 °C. (D.6.7)

D.6.3 PacueTHble KpUBbIE YCTanocTvm
PacueTHble KpuBble YCTanocTu, npuseaeHHbie Ha pucyHke D.1, onucbiBaloTcs cneayiowei hopmyrioi:

Ca G
09 Nm’

Ayg = (D.6.8)

rae Cc W Mg — KOHCTaHTbI, 3HaYeHUs1 KOTOPbIX NpuBeAeHb! B Tabnuue D.1.

[nsa HarpykeHns ¢ NOCTOAHHOW aMNNUTYAON Npeen BbIHOCIMBOCTMU Acp (T. €. AVanasoH HanpsKeHWA,
HWXe KOTOPOTO YCTAmNOCTHYIO A0NTOBEYHOCTL MOXHO MPUHATL paBHol 6eCKOHEYHOCTH) COOTBETCTBYET Ana-
Na3oHy HanpsbkeHwii Aok npu 2 x 10° umknos.

LiTpuxoBLIe NUMHUK Ha pucyHke D.1 OTHOCATCA TONLKO K pacyeTaM HaKoMMeHHbIX NoBpeXaeHui (dop-
myna D.8.1) npu HarpyxeHuu ¢ nepeMeHHou aMNNUTYAOM, YTO BKIIOYAET Auana3oHbl HanpshkeHu Gonee
Aocp. Kpueble okaHuusalotest npu N = 10® unKknoB. COOTBETCTBYIOILMI AMANA30H HANPSHKEHMIA SIBNRETCA rpa-
HULe cpe3a Acc,.. COOTBETCTBYIOWME 3HAYEHUsI Accy CM. B Tabnmue D.1. Mpeanonaraertcs, uto Boobpa-
XaeMble AuanasoHbl HanpshkeHWiA HUKe 3TOoMN rpaHuLbl Accyt He CNocoBHLI BbIsBaTb YCTaNOCTHLIE NOBPEeX-
ZeHus o6opynoBaHus, paboTatoLlero noa AasreHUEM.

Ta6nuua D.1 — KoadbuLMeHTbI pacyeTHbLIX KPUBLIX YCTANOCTH ANA MapoK YyryHa ¢ WapoBUAHLIM rpaduToM —
yNpoLyeHHas OLieHKa

KoHCTaHTbI kpuBo# Acr — N ° ,uonycmrl\:l;ﬁ’st :i:ﬁgg? h:anr;pﬂmeuuu
Matepuan 108 <N<2x10° 2x 108 < N<10° Ca=09 Ca=08
Acp npu Aot Aop npu Accut
1ime Ce 1/me Co | 2x10° | npn10°® | 2x10° | npu10°
EN-GJS-400-18 0,116 786 0,1 623 146 99 130 88
EN-GJS-350-22 0,116 731 0,1 579 136 92 121 81
EN-GJSA-XNiMn23-4 0,116 714 0,1 566 133 89 118 79
EN-GJSA-XNi22 0,116 642 0,1 507 119 80 106 71
EN-GJSA-XNiMn13-7 0,116 714 0,1 566 133 89 118 79

& Ins E B cooTBETCTBUM C Tabnuuamu A.2.1-1 M A.2.2-1.
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PucyHok D.1 - PacuyeTHble KpUBbIe YCTaNOCTW A/ (DEPPUTHBIX U ayCTEHUTHBIX MapoK YyryHa C LWapoBUAHbIM
rpacoMToM Npu TeMnepaType OKpyXXatoleid cpeabl - yrnpolieHHasa OLeHka

MpumeyaHve 1 - [JaHHble pacyeTHble KpvBble YCTaI0CTU Oblan MOMyYeHbl U3 KPWBbIX, MpUBEAEHHbIX B D.7 ans
noApo6HON oueHkn (pucyHok D.2). OHM yunTbiBalOT 3IheKT Hagpesa BCeX MECTHbIX KOHLEHTpauuii HanpshkeHui,
ONA KOTOPbIX KO3(hdpuumeHT KT He npesblaeT npuénnsntensHo 2. BMECTO 2 MOXHO MCMO/b30BaTb 60/1ee TOUHOE
3HayeHve 1,88. 3TO 3HaueHWe npefcTasBnsieT Co6O OTHOLLEHWE Npeaerna BbIHOC/MBOCTU PacHeTHbIX KPUBbIX Ha
prucyHke D.2 K npegesly BbIHOC/IMBOCTW KpWBbIX Ha pucyHke D.1. OnpegeneHvie TeopeTuyeckoro KoagduumeHTta
HanpsbkeHuit KT cm. B D.7.1, coopmyna D.7.3. OHU AeiCTBUTE bHbI A/151 TOW )Xe BEPOATHOCTM 6e30TKa3Hoi paboThbl,
T.e. Ps>97,7 %.

3HaueHue 1| AN Kaxaoi aetanu cocyaa nonyuvarwT u3 Taénuusl D.1A. OHO npeacTaBnseT co6oii Bepx-
HIOI0 TPaHULY CNeAyioLWero OTHOWEHUS:

MakcumanbHOe HanpsXXeHue KOHCTPYKLun getann Prax
HOMUWHa/IbHOE pacyeTHOe HanpsaXXeHune npu BblUMCTUTEIbHOM Temnepartype

[Nna oueHKn ycTanoCTHOW AONTOBEYHOCTU AeTanu, He npeactaBsieHHoW B Tabnuue D.1A, 3HauveHue f
nosyyarT NOCPeACTBOM OLEHKM MaKCMMasbHOTO HanpshXeHUs KOHCTPYKUUU B AeTanu noj AaBsieHnem PTax.
C uenbio ynpou,eHns MOXHO MPUHATbL, YTO K N060K AeTann NpUMeHsieTcs MakcumasibHoe 3HauveHwue 1| ans
BCero cocypa.

MprMeyaHve 2 - 3TV 3HAYEHWS PaBHLIM 06PA30M MPUMEHSIOTCA K M0G0 NNTON AeTann 13 METa/IIMYECKOTO Ma-

Tepuana (nuTeliHas cTanb, NNTENHbIA aIlOMUHUIA U T. A4.), NOCKO/IbKY 3TO HE 3aBUCUT OT Martepuana.
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Tabnuua D.1A - KoathdmumeHT HanpshkeHWi L, 1 CBSA3aHHOE C HUM MakCUMasibHOE faBfieHne Ansi TUMUYHbIX

OnuncaHune getanun

LnnnHgpuyeckue
WM KOHUYecKme
060/104KM

Mpunue gna nac-
NOpTHON Tabnunu-
KW Ha UuMNunHapu-
YEeCKOW MM KOHU-
yeckoi 060/104ke

KonbLo xecTko-
cTv (ofHopsfHoe
UM MHoropsia-
HO€) Ha UuMNunHa-
pryeckon nam
KOHMYecKo
o6os0uKe

OpfHo oTBepcTue
C ycuneHvem
B 060/104Ke UM
chepuyeckom
AHue

Heckonbko
0TBEpCTUii ¢ ycu-
nexHvem B 060-
noyke nnm coe-
py4yecKkom AHuLle

JNINTbIX KOHCTPYKLMIA

Hetanb

HamepeHHO ocTaBfeHO He3ano/IHEHHbIM

t eas

MakcvmasibHO
Jonyctimoe
fasneHve Prax

LvnnHugpuye-
ckasi ob6o10uKa:
EN 13445-
3:2009, dopmy-
na (7.4.3)
KoHun4yeckasn
obonouka:
EN 13445-3:2009,
dopmyna (7.6.4)

Kak gnsa peta-
nen o6onoyek

Kak ansa pgerta-
nei o6onovek

Kak gna peta-
nei obonovek

Kak ana pgerta-
nen obonouek

Ycnosus

b<0,4-D
ep” 2-e

eas—2-e
dT>2d

eas” 2-e
dri* 2 dr
dr,n™ 2 dr
Lb>dt+ d,

Koago-
dorumeHT
Hanpst-
XeHuid T

1,0

1,0

3,0

3,0
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MpogomkeHve Tabnmubl D.1A
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OKOHuYaHue Tabnuubl D.1A

Koadp-
MakcnmasibHO u MfHT
Onucanme perand Aetane AonycTiMoe Ycnosus HaL|"1 Z
naeneHne Prtax ps
XeHnin T
YcuneHHoe
oTBepcTue Kak gna petanu
Topocpepuue- €2 2€ 2,0
B TOpochepuye- b~ 2d

CKOTO AHuuLa
CKOM fAHuLL e ARy

OTBepcTue angd

cnuvBa B TOpO-

chepuyeckom
aHuwe

Kak ona petanu
Topoct epunye- 3,0
CKOTo fHuwa

cwm. r> 1,3-ead 15

EN 13445-3:2009,
pasgen 10c 1,3eaf >

O6nacTtb n3rnba
NAOCKOTo gHuw,a

3,0
-—b6af
Cwm.
OTBepcTUHE EN 13445- 20
B N/IOCKOM AHWULLEe 3:2009, '
(n. 10.6.1)
[Meperopoaka Kak gna gpetanu
B BbIMNYK1OW KPbILWKK, CM. ea>ec 11
Kpbl LI Ke npunoxexune G

MpumeyvaHue - edf - 3TO pacyeTHas TOJLWMHA NJIOCKOrO AHULA, BblYUCeHHaa 6e3 oTBepcTusa (cM. EN 13445-3:20009,
n. 10.4.3).

a MakcumanbHOe BbIYMCIUTE/IbHOE faB/ieHne B IBHOM Buae He npusBegeHo B EN 13445-3:2009 (pasgen 11). OHo
[O/MKHO ObITb BbIYUCNEHO Kak AaBfieHne, KOTOpoe AaeT HanpshkeHus A0 MX AonyCTUMbIX npegenos, wnn B EN 13445-
3:2009 (npunoxeHne G) KO3PUUMEHT Harpyskn, paBHbii 1,0. [N KOHCEPBATUBHOIO YNPOLEHNST MOXHO MPUHATbL PTax
B KayecTBe Ppacu-

b/lNA NCNOMBb30BaHNA B paMKkax HacTOsALero pasfgena PTax npuHMmaeTcs paBHbIM Py, KOTOpoe nosy4varoT no hopmy-
ne 7.5-7 B EN 13445-3:2009. [pyrne BO3MOXHble BeNUYUHbI PS 1 Pb (KOTOpble BbluMCAAOTCA Mo oopmynam 7.5-6 u
7.5-8 COOTBETCTBEHHO) 3,€Cb HEe paccMaTpuBaloTCS.

¢ MakcumasibHOe BbIYMC/IUTENIbHOE faB/ieHne - 3TO AaB/ieHue A1 MJI0CKOro gHuwa (a He AaBneHue npuneraroLlen
UMAnHApuyeckon 06osioukm). B choopmyne D.6-1 B KayecTBe 3HaveHUs f NoACTaBAsSeTCA HaMMeHbluee U3 3HayYeHui ans
AHu1Wa 1 ans 060/104KN.

dMockonbky B EN 13445-3:2009 (pa3gen 10) He npuBoaMTCS siBHOM chopMynbl Ans PTax, TO PTax BbIMUCASIOT B BUAE
[aBrieHus, KOTopoe AaeT TpebGyeMyto TOMWMHY AHWULWA, PaBHYHO pacyeTHOW ToswuHe. [ KOHCepBaTMBHOrO ynpolye-
HUA MOXHO MPUHATL Pmax B Kauectse Ppacy-

eD, - BHYTpeHHUIi AnameTp cocyga.
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D.6.4 NonycTumMoe KONM4YeCTBO LMKNOB

YUrto6bl Mony4uTh AOMYCTUMOE KONMUECTBO LIMKIOB Harpyaka N npy 3aqaHHOM AuanasoHe HarnpshkeHwWii
Ac*, BbIMMCIISIIOT 3HAYEHNE CIIeaYIOLLEro BbiDaXKEHUST:

N = G G . (D.6.9)
09 Ay*
3HaueHue ans Ac* BelumensioT no dopmyne (D.6.1).

D.6.5 lonycTuMbIA AManasoH HanpAXeHU! Ac

B kauyecTBe anbTepHaTVBbI AN MONYYEeHUA AOMYCTUMOro AvanasoHa HamnpshkeHuil Ac Ans 3aAaHHOrO
KOJIMYECTBA MPUITOKEHHbIX LIKIIOB Harpyaku N

Ay < Ayg -f, - f., (D.6.10)
roe
_Ca. Cc
Ayg = 09 NIm" (D.6.11)
f, u f. BblMUCHAOT B cooTBeTCTBUMU € D.6.2.

D.7 Mopapo6Has oueHKa ycTanocTu

D.7.1 Ainana3oHbl NCEeBAOYNPYIUX HaNpPsKeHUH

B cooTtBetcTBMM C MeToAoMm, onvcaHHbIM B EN 13445-3:2009 (pasgen 18) AnA HecBapHbIX 35IEMEHTOB,
3Ha4yeHus1 Amana3oHa MakCUManbHOro 3KBUBANIEHTHOrO HaNPSHKEHUA Acugs U AMANA30H HAMNPSHKEHWUA KOHCT-
PYKUMN AGoye koncrp ONPEAENSAIOT C UCTIONb30BAHWEM NOAPOGHOro Metofa YMCrieHHoro pacyerta. M3 atux 3Ha-
YEeHUI MOXHO MOMNYYUTb AManasoH NPMBEAEHHOro IKBUBASIEHTHOrO AWanasoHa ¢ Haape3oM Ac* G UCMOSb3o-
BaHVeM Kyg:

Ay
Ay* =K., Y smsnep D.7.1
A A NN ®-71
roe
Ky =1+ 15-(Ky _2 <K, (D.7.2)
1+05- MAX{1; K, - M}
Ay,
K=o (D.7.3)
AYSKachrp

roe Aop — npeaen BbIHOCNUBOCTU NpU N2 2 x 10° LMKNoB 13 Tabnuuwbl D.2.

KoHcepBaTUBHO MOXHO MPEAnonoXuTb, UYTo Kg = K. lNonpasoyHble koadduumentsl f,f,.f. v f, on-
penensioT Kak ykasaHo B D.7.2.

D.7.2 NonpaBKu K Aguana3oHy HanpskeHUi
D.7.2.1 MonpaBKa Ha TONWMWUHY CTEHKU

fe _ Fe(0,1InN—O,465)’ (D_7_4)
roe
0,182
F, = (:5 J , (D.7.5)

rae fo = 1 Npy 6max < 25 MM.
MpK emax > 150 MM NpuMeHsieTcA 3HaveHue f, Ans epna = 150 MM.
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D.7.2.2 NonpaBka Ha Temneparypy
MonpaBoyHbIi koadhduumMeHT TeMnepartypbl fr- npuBegeH B D.6.2.2.
D.7.2.3 NonpaBouHbIi KO3(hPULIMEHT YUCTOTLI NOBEPXHOCTH

Ina noanepxaHusi HU3KOrO MECTHOTO HampsDKEHWA NpeanouTMTenbHa Gonee ToHkas uMcToBasi oGpa-
60Tka NoBepxHOCTU Grarofapsi COOTBETCTBYIOLLUM TEXHOSOMUAM JIUTbA Ha CTOPOHE, NPOTUBOMONOXHOM U3-
MEHSIIOLLEMYCSI [IBBIIEHUIO.

f, = Fs(0,1InN—0,485), (D.7.6)
rae
F, =1-003-In(R,): |n[ﬁ), (D.7.7)
200
f, = Fs, ecnu N> 2-10°,
rae R, — BbICOTa HEPOBHOCTEN, MKM (NpuHATL R, = 200, ecru He ykasaHo).
D.7.2.4 NonpaBka Ha cpeaHee HanpsAXeHue

MonpaBouHbIi koadhpuLMeHT cpeaHero HanpsbkeHus f, onpeaensietca u3 EN 13445-3:2009 (n. 18.11.1.3).
OpgHako Kko3abUUMEHT YyBCTBUTENILHOCTW CpEeAHEero HanpsbkeHuss M Onsi Mapok 4yryHa C LUapOBMAHBLIM
rpacMToM B COOTBETCTBUMU C HACTOSILLUM EBPONENCKAM CTaHAAPTOM COCTaBnsAeT:

M = 0,00035-Rn, + 0,08. (D.7.8)

D.7.2.5 NonpaBouHbie K03(PPULMEHTLI NNAaCTUYHOCTH

MonpaBouHble KOAPULMEHTLI AN MeXaHUYecKnx K. U TEPMUYECKUX K, Harpy3oK B AuanasoHe runep-
NMacTUMHOCTU MOXHO He YYWTbiBaTb BCNEACTBUE BLICOKUX kO3(hduUUUEHTOB HapexHocTu no 0,2%-HoMy yc-
NOBHOMY Npeaeny TeKy4ecTW, UCMONb3YEeMbIX MPU BbIMUCIIEHUA HOMUHAINBHOIO PacHeTHOro HanpsXeHus B
EN 13445-6:2009, a Takke BCneAcTBME TOF0, YTO HanpshkeHWUs KOHCTPYKLUMK HUKOrAa He npesbiwatoT 31

D.7.3 PacuyeTHble KpMBbIe yCTanocTm
PacueTHble KpMBbIE YCTanocTu, npusedeHHbIe Ha pucyHke D.2, onucbiBaloTcs criegytoLlein (hopMyron:

_G G D.7.9
AyR—olg N1/m' ( - )

rae Cc M Mc — KOHCTaHTEI, 3HaYeHUs! KOTopbiX NpuBedeHbl B Tabnuue D.2.

Ta6nuua D.2 — KoadhhmumeHTI pacieTHbIX KPUBbIX YCTAnOCTH Ansl MAPOK YYTYHa C WapOBUAHbLIM rpaduTom —
noapoGHan oueHka

KoHcTaHThl kpuBoit Acr — N ® ﬂonyﬂu#;ﬁﬁﬂi:ﬁ:? h:annapﬂxeﬂuu
Matepuan 10°<N<2x10° 2x10°<N<10° Ca=09 Ca=038
Aop npun Acg Acp npun Accut
1Ume Ce 1ime (o ot np: 708 | 2%10° | npu 10°

EN-GJS-400-18 0,10 1173 0,10 1173 275 186 244 165
EN-GJS-350-22 0,10 1091 0,10 1091 256 173 227 154
EN-GJSA-XNiMn23-4 0,10 1065 0,10 1065 249 168 222 150
EN-GJSA-XNi22 0,10 957 0,10 957 224 151 199 135
EN-GJSA-XNiMn13-7 0,10 1065 0,10 1 065 249 168 222 150

2 Ins E B cooTBeTCTBUM C Tabnuuamu A.1 1 A.3.
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N

PucyHok D.2 - PacyeTHble KpuBble YCTanoCTu A1 (PEPPUTHBIX N ayCTEHUTHBIX MapoK YyryHa ¢ LWapoBUAHbIM
rpachuTom Mpu Temnepartype okpyxatwweli cpebl - nogpobHas oueHka

MpuMeyaHue - PacyeTHble KpuBble YCTa/IOCTU Ha PUCYHKe D.2 6bUiM BbiBefeHbl U3 AaHHbIX (CM. [1]), nonyyYeHHbIX
NP UCMbITAHUSAX Ha YCTasIOCTb MPU OCEBOW M n3rnbatoLLeli Harpyske o6pasLoB Mapku YyryHa C LWapoBUAHBIM rpa-
dutom EN-GJIS-400-18 6e3 Hagpesa, NPOBOAVBLUMXCS MPY KOHTPOsIe Harpysku, WM A58 NPUIoXeHHbIX gedopma-
UWiA, npeBbIWAOWMX Npeden TekyyecTn (MaslouMKioBasi yCTaslocTb), Mpu KOHTpone aedopmaunii. JonycTumMble
HanpshkKeHst ObUN NOJyYeHbl U3 CPefHNX Pe3y/ibTaToB NOCPeACTBOM NPUYIMEHEHNS KOIMMULIMEHTOB HafeXHOCTN 5
Ha YyCTa/IOCTHYIO [O/ITOBEYHOCTb M 1,3 Ha AvanasoH HanpshkeHuii. MonydeHHble B pe3y/sibTaTe pacyeTHble KpuBble
npeanonaraT BEPOSITHOCTb 6e30TKa3HOoW paboTbl Ps He MeHee 97,7 %.

LUTpnuxoBble NUHUN Ha pucyHke D.2 OTHOCATCA TONbLKO K pacyeTam HakOMJeHHbIX noBpexaeHuin (dop-
myna D.8.1) npu HarpyXeHunm c NnepemMeHHOl amnauTyAoi, YTO BKAKOYAeT Auanas3oHbl HanpsxeHuin 6onee
[a0. Kpueble okaHuyuBatTcsa npu JI/ = 108 ynuknos. COOTBETCTBYOWMNI Anana3oH HanpsXeHWin asnsetcsa rpa-
Huuen cpesa Aocut- CooTBeTcTBYyOWME 3HaYeHna AaQi cm. B Tabnunue D.2. MpegnonaraeTtcs, 4To gnanaso-
Hbl HanpsHKeHUin Huxe 3TOoW rpaHuubl AoQt He cnocO6HbI Bbi3BaTbh YCTa/lOCTHbIE MOBpeXAeHUs o6opynoBsa-
HUs, paboTatollero nog AasneHnem.

D.7.4 JonycTUMOe KONMMYEeCTBO LINKIOB

UTo6bl MONYYUTb AOMYCTUMOE KOMMYECTBO LMKNOB Harpysku N npu 3agaHHOM AuanasoHe HanpsKeHui
[,0*, BbIUNCNAIOT 3HAYEHNE C/eayIoLLero BblpaxeHus:

= Ag Y (D.7.10)
10,9 Ay

3HaueHune gna [o* sBeluncnatT no opmyne (D.7.1).

D.7.5 JonycTuMblii gnanasoH HanpsXxeHui

B kayecTBe anbTepHaTuBbl A1 NOAYYEHUA AOMNYCTUMOTO Anana3oHa Haﬂpﬂ)KeHVIVI A o Xs,koHcT O/1A 3adaH-
HOro KoNmMyecTBa NMPUMOXEHHbIX LMKNOB Harpy3km N:

LY 3KB.KOHCTP —AyR fe fs fm-fT.IK" (D.7.11)

roe fs,fefmu /y. BuiuncnsiwoT B cootBetcTBuM ¢ D.7.2. K30 BbluMCAsEeTCA No popmMyfe (b.7.2) WK Npu-
HUMaeTcs paBHbIM Kj.
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D.8 MpaBuno oLeHkU Ha obLuee ycTanocTHoe NoBpeXaeHUe

UHpekc obLuero yctanocTHOrO NoBpeXAeHUsi BCNEACTBUE KYMYNSITUBHOMO 3(hdpekta LUMKNoB Harpyxe-
HUS C NEePeMEeHHOW aMnInTyaon, COCTaBNAILWEro 3afaHHbIA CNeKTP AMana3oHOB pacHeTHbIX HaNPSHXKeHUN,
BbIMUCISIETCA crieayowmm o6pa3om:

D=yl Rzy Ry (D.8.1)
N N, N, N,

rae n; — KONMMYecTBO LIMKIOB KaXaoro AuanasoHa HanpshkeHWin (Ac*), NPUINOXEHHOro B Te4eHNe pacyeT-
HOro cpoka cnyx6bl cocyaa, a N; — 4ONyCTMMOe KONMMYEeCTBO LIKIIOB, COOTBETCTBYIOLLEE ITOMY
OunanasoHy HanpsbKeHWit, nonyyeHHoe B cooTseTcTBUU ¢ D.6.4 unu D.7.4 U3 cooTBeTCTBYIOLLEH
pac4eTHOM KPUBOWA YCTanocTy.

KoHcT] PYKUMA ABNAETCA I'IPI/IeMJ'IeMOVI, ecnu COﬁl'IIO.EIaeTCﬂ crnepyollee ycnosue:
Ds1. (D.8.2)
Ecnu D > 1, ycrnoeue He coﬁmonaeTcn U KOHCTPYKUUIO HeOGXOﬂMMO U3MEHUTDb.

D.9 YcTtpaHeHMe NnoBepXHOCTHLIX AedeKToB

Ecnn BO3HMKAET HEJOMYCTUMBIA MOBEPXHOCTHLIA AedeKT, KOTOpbid He oTBe4yaeT TpeboBaHusm 7.1,
yCTpaHeHue BO3MOXHO TONMbKO MOCPeACTBOM 3a4uCTkU. MuHumanbHas caktuueckas Tpebyemas TonwmHa
BbIYUCNSIETCA B COOTBETCTBUM C HACTOSALUMM MPUMOXKEHUEM, YYnTbIBasi BCe pasfienbl HAaCTOALWEro eBpone-
CKOro cTanfapTa kacaTellbHo TpebGoBaHuii K MpoekTupoBaHuio. CBapka He [omnyckaeTcs, kak 6bino ykasaHo
B 5.3.2.
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Mpunoxexue E
(o6si3aTenpHoe)

lMpoekTpoBaHUe NyTeM pacyeToB ANA OTNUBOK

E.1 BBegeHue

Insa cocynos, paboTalowmx noa AassieHUEM, U3 YyryHa obme npoueaypbl M COOTBETCTBYIOLIME MNpa-
BUNa, paccMmartpusaembie B:

— npunoxexun B «[poekTupoBaHue nyTem pac4eTos — NPAMON cnocob»;

— npunoxenun C «poekTupoBaHWe NyTeM pacyeToB — METOA, OCHOBAHHbIA Ha KaTeropusix Hanpsbke-
Huii» EN 13445-3:2009, Heo6x0aMMO M3MeHUTh cneayowmmM obpasom:

E.2 Oco6ble TpeGoBanus k EN 13445-3:2009, npunoxeHue B

E.2.1 [lononHenme k B.8.2.3: npoeKkTHbIe NPOBEpPKU ANA COMETAHUW HArpy30K NPy HOPManbHOW
aKcnnyaraumum

MapameTtpbl NnpoyHocTM Matepuana (RM) n yactHble k0a(huLMEeHTbI HAAEXKHOCTU (YR) AOMKHBI UMETb
3Ha4eHwsl, NpuBeAeHHbIE B crieayioLlein Tabnuue:

Ta6nuua E.1 — RM u ygr ANA coueTaHui Harpy3oK Npu HOpManbLHOM 3KCNlyaTauum

Martepuan RM TR
UyryH ¢ LIApoBUAHBLIM rpacuTom ° Rpo2r 1,67/(Cq-Ce)
2 MlonycTiMble Mapku MaTepmana cM. B Tabnuuax 5.1-1 n 5.1-2.

E.2.2 flononHeHue k B.8.2.4: npoexTHble NpoBepku AnNA coOMeTaHWM Harpy3oK Npy UCTNbITaHUAX
RM v yr BOMKHBI UMETb 3HAYeHUs1, NpUBEAEHHbIE B crieaylowwen Tabnuue:

Tabnuua E.2 — RM v yg ANA COMETaHUA Harpy30K NPU UCNbITAHUAX

Matepuan RM TR
YyryH ¢ WaposuaHbIM rpachuTom ° R0z, 1,33/C,

® [lonycTuMbIe MapKu MaTepuana cM. B Tabnuuax 5.1-1 1 5.1-2.

E.3 OononHeHus k EN 13445-3:2009, npunoxeHue C

B C.7 ucnonbayeTcs cumBon «f». Kputepum oLieHku onpeaeneHsl B 5.2.2.2.

E.4 Tpe6oBaHus

lNpoekTUpoBaHWe NyTeM aHanNMTU4ECKUX pacyeToB JOIKHO 3akovaTh B cebe cnepyioLlee:

— nogpoGHoe onucaHWe UCMorb3yeMoro YMCHEeHHOro MeToaa, B TOM YUCHe HasBaHue U Bepcuio npo-
rpaMmHoro o6ecrneyeHusi, ecriv OHO UCTONbL3yeTcs;

— onvcaHue reoMeTpuM MOAEnu (B TOM Y1Cne TMN SNeMeHTa AN KOHEeYHO-3IEMEHTHOro aHanusa);

— YCMNOBUS Harpy)XXeHWs U rpaHUYHbIe YCNOBUS, UCMONb3yeMble A4S NPeacTaBreHUsl COMEeTaHUi Harpy-
30K B TEXHUYECKUX YCNOBUSX NOMb30BaTENs HA NPOEKTUPOBaHMWE;

— XapaKTepuCTMKM UCnonb3yemoro matepuana ans Bcex Tpebyembix chusuueckux cBOWCTB (T. €. Mo-
Aynb ynpyrocTu, koadduumeHT lMyaccoHa, ko3hdULUEHT TEnroBoro pacliUpeHusi, TEennonpoBOAHOCTb,
TeMnepaTypornpoBOAHOCTL), NapameTpoB MPOYHOCTU (T. €. Npeden TeKy4ecTu W npeden MPOYHOCTU Mpu
pacTsikeHuu), a Takke pacyeTHasi UHTEHCUBHOCTL MeMOBpaHHbIX HanPsXKEHUA;

— onucaHue Toro, 1crornb3yeTca N HeNMHEeMHOCTL MaTepuana npyu aHanuse, B TOM YWCIe onucaHue
Moaenu matepuana (T. e. KpUBasl «HanpsikeHue — AedopMauusy U KpUBas «LMKIIMYEcKoe HanpsikeHue —
nedopmauuny);

80



CTB EN 13445-6-2009

— onvcaHue npoLieaypbl YMCNEHHOro pacyeTa (T. €. CTaTMYeCKUIA pacyeT, pacyeT YCTOWYMBOCTU, pacyeT
COGCTBEHHBIX YaCTOT, AUHAMUYECKMIA pacyeT) U ykazaHue TOro, NMPUMEHSIETCS fiv reOMEeTPUHECKN NTIMHEMHDbIN
U1 HENMUMHEWHbIA BapUaHT;

— rpacuyeckoe oTobpakeHWe 3HauYMMbIX pe3ynbTaToB (T. €. YMCNeHHasi Modesb, AeopMMpoBaHHLIe
n306paXkeHUs1 U KOHTYPHbIE U306paXKeHUs MoNMy4YeHHbIX TeMMNepaTyp U HamnpsbKeHWi);

— Ucnonb3yeMblii MeTod NPOBEPKU YACNEHHON Moaenu (T. €. aHanus YyBCTBUTENbHOCTU CETKU U Npo-
BepKka paBHOBECUS ANA KOHEYHO-3NIEMEHTHOro pacyeTa, HanpuMep NPOBepKa OKPY)XHOIO HanpsbkeHust B
3MeMeHTe, pacrorioXeHHOM AaneKko OoT HEeOAHOPOAHOCTM KOHCTPYKUMWM, U MpoBepka [OCTUXeHusi obuiero
paBHOBECUS MeXay NPUNOXEHHbIMU Harpy3kamMmn 1 peakuUsaMU Npyu 3agaHHbIX FpaHNYHbIX YCHOBUAX);

— onucaHue npouegypbl 06paboTku pe3ynbTaToOB YUCMEHHOrO pacyeTa C Lenbio MONMyYeHUs OKOHYa-
TeNbHbIX Pe3ynbTaTos (T. €. MeTOA NUHeapusaLuM HanpskeHUid, UCNONbL30BaHUe LIeHTPanbHbIX UK Y3rno-
BbIX 3HAYEHMUI NOMNY4YEHHOro HanpskeHusi, aecopMaumm u TemnepaTtypbl);

— WUTOroBble pesynbTaTbl YUCNIEHHOro pacyeTa C ykasaHWeM KpUTEepueB NMPUEMKU, UCTIONb3yeMbiX Ans
obecneyeHns cooTBeTCTBUA TpeGOBaHUAM HACTOSILLErO €BPONECKOro CTaHAapTa;

— 3NEeKTPOHHOE XpaHeHWe pesynbLTaToOB pacyeTa, B TOM Yucne (hainoB MCXOAHbIX U BbIXOAHBLIX AAHHbIX,
cofepxalumx pesynbTaTbl YUCNIEHHOrO pacyeTa, UCMofb3yembiX Ofsl JEMOHCTpPaLUUM COOTBETCTBUS HOpMa-
TUBaM.
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MpunoxeHune F
(cnpaBoyHoOE)

Pexomengauum no npoBepkKkamM U KOHTPOIJIIO B NpoLlecce 3KcniyaTauum

F.1 HazHaueHue

B HacTosilLeM NpUNoXeHUA [aloTCA pekoMeHAaLmMK Mo HenpepbiBHOW NpueMke nutoro o6opyaoBaHus,
M3rOTOBNEHHOro B COOTBETCTBMW C HACTORLLMM €BPONENCKAM CTaHAapTOM.

MHCTpYKUMM MO NPUMEHEHMIO, COCTaBMEHHbIe M3TOTOBUTENEM, MOTYT coaepxaTb TpeGoBaHNs K KOHTpO-
nio B Npolecce 3Kcrrlyatalum, a Taioke peKoMeHAaUumn o NOBTOPHOMY KOHTPOSO B 3aBUCMMOCTH OT KOHCT-
pykumuu, o6cnyxvBaHus u TpeGyemoro cpoka cnyx6bi.

F.2 KouTponn B npoLecce 3Kkcnnyaraumm

HeobxoavMMo NpoBOAUTL BHELWHUA U NPU HEOGXOAUMOCTU BHYTPEHHUW KOHTPOMb (HepaspyLualowmmu
MeToamu) Kaxaoro cocyaia unu 4actu cocyaa, paboraiolero nog AasneHUeM, B Cpok He NosaHee paccyu-
TaHHOW [ONYCTUMOI YCTarloCTHOW AONrOBEYHOCTU B COOTBETCTBUU C NpunoxeHuem D. Ecnu usrotoButens
cyuTaeT ycTarocTHyl0 AOMTOBEYHOCTb NPU HOPMAsIbHBIX YCIIOBUAX 3KCMIlyaTaumMn paBHOW 6eCKOHEeYHOCTH,
KOHTpOnb BbINOMNHAOT nocne 10 neT akcnnyaTauuu, ecny U3roToBUTENb He MOMY4YUn OT AKCMTyaTupylowero
U1 KOHTPONVPYIOLLIETO NULA MHCOOpMaLUIO 0 HeGnaronpuATHOW cuTyauun.

MpumeyaHue 1 — 3TO BpemMsi COOTBOTCTBYET AOMYCTUMOMY KOMWYECTBY LIMKIMOB, €CNM CNEKTP Auana3oHa pacyer-

HbIX HaNpPsHKEHU BKIoYaeT B ceba TONbKO OAWH TUN Uukna. [ina Gonee CNOXHLIX CNEKTPOB HarpyXXeHUsi OHO COOT-

BETCTBYET BPEMEHU JOCTWKEHUS MHAEKCOM 0o6LLIero ycTanocTHoro noepexaeHus aHavenua 0,5 (cM. onpepenexune

B npunoxeHuu D).

3kennyaTupylolee MU AOMKHO PerucTpupoBaTh KOSIMYECTBO LIMKIIOB Harpyaku B npouecce paboTbl COOTBETCT-

BYIOLLIMM O0Gpa3oM 1 npu Heo6XxoaMMOCTU OPraHN30BaTh MEPONPUATUA NO BHYTPEHHEMY WU BHELLHEMY KOHTPOITIO.

MpumeyaHne 2 — YyeTHble 3anucu MOryT ykasbiBaTb Ha HeO6X0AUMOCTb Gornee KOPOTKOro MHTEpBarna KOHTPOrs,

YeM nepBoHa4anbLHO ycTaHoBNeHo. Ecnu yueTHble 3anucu OTCyTCTBYIOT, KOHTPONEep MOXeT BuiGpaTs camoe Hebna-

FONPUATHO® U3 BO3MOXHbIX ycnoem’a B npouecce akcnnyaTtauuv cocyaa unu ero 4actu.

MpumeyaHue 3 — B pesynbTarte BbluMCIieHUiA B COOTBETCTBUM C npurnoxeHuem D npu noapobHoit oueHke ycTanocTt-

HOW [OMNrOBEYHOCTU MOIYT BbITh Nony4eHbl Gonee NpoAoHKUTENBHbIE MHTEpBaribl KOHTPONA, YeM Ha OCHOBE MEeTo-

[a YNpOLLEHHOI OLEHKM YCTanocTu.

MpuMeyaHue 4 — Oxupaemoe nospexaeHue MoxeT BbiTb Takke oGHapYXeHO B 4acTAX, He HaxoAsaLMXcA noa AaB-

NeHneM, Takux KaKk nepeceyeHnst Mexay OnopHLIMU NPOYLUMHAMM U CTEHKOM COcyAa, KOTOpbie MOTyT UHAYLMpOBaTh

BO3HUKHOBEHWE YCTaNOCTHON TPeLMHbI U BOCNEACTBMM YMEHbLLUTL CPOK CryxGbl 4acTu, HaxoaswWwencs noa Aas-

nNeHneM.

Ecnu OTCYTCTBYIOT yyeTHbI€ 3anucu, KONUYECTBO LIMKIOB Harpy3oK MOXeT ObiTb OLEHeHO B HopMarb-
HbIX YCIIOBUSIX IKCNIyaTaLmm U COrnacoBaHO MeXay Monb30BaTeneM U KOHTPOEPOM.

Ans cocynos, paGorailowmx noa AaBreHWEM, MOABEPXKEHHbIX LMKNMYECKUM Harpyskam, KOHTPOSlb B
npouecce 3kcnnyartaumMm umeeT ocoboe 3HaveHue Ansi 3abnaroBpemeHHOro oGHapyXeHus 3apoXaaloLLero-
¢ noepexaeHus. Moatomy BHYTPEHHWIA KOHTPOSb HEO6XOAUMO AOMNONHUTL HepaspyLUaoLWMMK UCTIbITAHUS-
MU Ha BbICOKOHAMNPSDKEHHbIX y4acTkax, B 0COBEHHOCTM MeToAaMy KOHTPONs, NPUroaHbIMK Ansi obHapyxe-
HWUA NOBEPXHOCTHbIX TPELLMH.

Ans MOHUTOpUMHIra HeqOCTYNHbLIX ObnacTeii peKOMEeHAYETCA YNbTPa3BYKOBOM KOHTPOIb C HAPYXHOM Mo-
BEpPXHOCTM cocyza.

Ecnu ycrnoBusi akcnnyartauuv CunbHO OTNMMYAIOTCS OT YCIOBMIA, Npeanonaraembix NpyM BbMUCIEHUU B
COOTBETCTBUM C npurnoxeHueM D, B cTOpOHY 60nbLUMX LIMKNMUYECKMX HArPY30K UMK eCriv NOBPEeXAeHUe CTeH-
KM cocyAa npearonaraeTcsi O OKOHYaHUSI UHTEPBANoB KOHTPONS MO MPUMMHE APYrUX 3KCIyaTaLMOHHbIX
BO31E/CTBUIA, TO MHTEPBAIIbI KOHTPOJS1 HEO6X0AWMO COKpPaTUTD.

HanpotuB, ecnn B xoae perynsipHOro KOHTpOnsi He 0GHapyXeHbl 3apoXAaloLmMecs TPeLLMHbI, TO cocya
MOXET 3KCMIyaTUpoBaThCsl Aanblie A0 crneayiollero KOHTpons B nNpeAenax ycTaHOBIEHHOTO UNK Cornaco-
BaHHOIoO UHTepBara, Aaxe ecnu AonycTuMas AONroBeYHOCTb, pacCYUTaHHAsA B COOTBETCTBUM C NPUNOXEHU-
em D, yxe 6bina AOCTUIHYTa UMW NPEeBbILLEHA.

82



CTB EN 13445-6-2009

F.3 Mepbl, NnpuHUMaeMble NpU JOCTMKEHUMM paccUMTaHHOW AONMYCTUMOI YCTanoCTHOM
AONIroBeYHOCTHU

F.3.1 O6wue nonoxeHus

Ecnu gonycTMas yctanocTHasi AONTOBEYHOCTb AN COCyAa UMM 3reMeHTa, onpeaerneHHas nyTem Bbi-
YuCIeHWsl B COOTBETCTBUM C NpunoxeHnem D unu nyteM akcnepumeHTa B COOTBETCTBUM C NpurioxeHwem H,
AeMOHCTpUpyeT GecKOHeYHbI pacHeTHbLIA UMM 3KCepUMeHTanbHbIA Cpok cnyx6bl, To He TpebyeTcs Bbi-
NOMHATL HepaspyLualoLMiA KOHTPOSIb, KOrA4a cocya Unu YacTb cocyaa paGoTanu Npu YCroBusX He Bbile yc-
IOBW1IA, Ha KOTOpPble OHa paccyuTaHa.

Ecnu gocturHyta gonyctuMas ycTanocTHasi AONrOBEeYHOCTb 3fieMeHTa, yKasaHHasi B UHCTPYKUMK Mo
aKcnnyaTtauum (T. e. ecnu Gbio AOCTUIHYTO SOMYCTUMOE KONMYECTBO LMKIOB, oTMyatoweecsi ot 6eckoHeu-
HOrO KONMU4eCcTBa LMKIIOB, MMM €CMM MHABKC O6LLEero ycTanocTHOro NOBPEXAEHWs B COOTBETCTBUMU C NPUNo-
xeHuem D goctur aHaveHus 1, HepaspyLlaLLMiA KOHTPOMb BbIMOMHSIKOT MO BO3MOXHOCTM B NMONMHOM 06beme,
COCPELOTOMMBLUMCE HA BLICOKOHAMNPSHKEHHBIX YYaCTKaX U KpUTUUECKUX 30HaX).

Ecnu He oGHapyxeHO TPeLLMH NPy Hepa3pyLlaloLLIEeM KOHTPONE, BbINONHEHHOM B MHTEpBanax KOHTPOIs
1 Np#U BbILLEYNOMSAHYTOM UCMbITaHWK, MOXEeT GbITb AonyLUeHa AanbHehlasn aKkcnnyaTaums.

Ecnu o6HapyxeHbl TpeluHel, AedekTsl, nogobHbie TpeluHe, unn 6onee sHa4YMTErNbHLIE NOBPEXAEHUS,
paccmaTpuBaeMblii KOMNOHEHT UMK 3NEeMEHT KOHCTPYKLIMM HeOBXOAMMO 3aMeHUTb, 3a UCKITIOYEeHUEM chyya-
€B, koraa garbHeMlwas aKcnnyaTauus okaa3biBaeTcsA AONYCTUMOW Nocre NpoBepk COOTBETCTBYIOLMMM Co-
cobamu.

F.3.2 UcnbiTaHMe cocynoB U 4yacTel COCyAOB B KOHUe cpoka cnyx6bl 6e3 0603HaueHHbIX
NoBpexXaeHnin

Korpa konv4ecTBO 9KBUBANEHTHLIX MOMHbIX LIMKNOB AABNEHUS AOCTUINO KOHLIA Cpoka CHY)KGI:I, Heobxo-
ANMO NPOBECTU UCMbITaHMEe AaBrNeHneMm, ecnu 310 NPU3HaHO HeobxoaumbiM anst onpeaeneHHbIX 3KCnnyaTa-
LUUOHHbIX NapaMeTpoB. MeToa ucnbiTaHuii CM. B cnepyowem naparpa(pe.

F.3.3 M’mgpaBnuyeckue UCNbITaHNA COCYAOB U YacTel COCyAOB ¢ 0603Ha4YeHHbIMMU NOBPEXACHUAMMN

Korga Konu4ecTBo aKBMBANEHTHbIX NOMHbLIX LUKNOB AABNEeHUA AOCTUINO KOHLA cpoka cnyxObl, Heobxo-
OVMO MPOBECTU MUCMbITAHWE MMApaBnUYEckKUM AaBneHueM. Bpemsi BbiaepXku AOMXKHO GbiTb MO MeHbLuen
Mepe A0CTaTO4YHbIM A NPOBeAEHUs NMONTHOro OCMOTPa C MUHUMMaTbHbIM BpeMeHeM 10 MMH He3aBUCUMMO OT
pa3mepa geTtanu.

Ecnu ucnbitaHve NpoBeAeHo YCneLHo, 3KCnnyaTauus MoOXeT ObiTb NpoAokeHa.

Ecnn o603HayeHHble NOBpeXAeHUsi BUAHbI A0 AOCTWKEHUSI KONUYecTBa SKBUBASIEHTHLIX MOMHbIX LiMK-
NOB AaBneHus, MoXeT noTpeboBaTbCA NepecMoTp KOHCTPYKLUMK, YTO6bI BbIGpaTh Apyrylo Mapky matepuwana,
NOHW3UTbL pacuyeTHble napameTpbl NGO NPoBepUThb, ObINK N PpacCMOTPEHbI BCE BO3MOXHbLIE COUeTaHUs Ha-
rPy30K.
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Mpunoxexnune G
(ob6s3aTenbHOE)

Oco6ble Tpe60BaHNSA K MPOEKTUPOBAHUIO

G.1 O6nacTb NPUMeHeHUs

B HacTosdwemM npuioxeHnn Gy,qu YCTaHOB/1EHbI Tpe6OBaHI/IF| K MpPOeKTnpoBLWWKaM npn AeTa/ibHOM

MPOEKTUPOBaHNN NNTbIX cdhepongasibHbIX YacTen s onpegesieHns ¢ nomouwblo hopmyn Tpebyemor Tos-
LLMHbI HEOObIYHbIX hOPM, He BK/IOYEHHbIX B EN 13445-3:2009, HO 4acTO MCMNOJ/Ib3YeMbIX B JIUTbIX KOHCTPYKLMSX.

MpvmeyaHve - HacTosiwee npunoxeHwe G COAEPXMT TOSIbKO OAVH MPUMEP KOHCTPYKLMU chriaHLa, HO MOXET ObITb
pacLUMpeHo ApyruMu AeTasIAMN KOHCTPYKLMW, €CNN OHW yKkasaHbl usrotosutenamv n B EN 13445-3:2009 He npvise-
[eHbl ocobble npaswna DBF. HenpasunbHble hopMbl BCerga MoryT ObiTb MPOBEPEHbl METOAamy NPOEeKTUPOBaHUSA
DBA, HO YacTo aBns0TCA 60M1ee oporocToALMMM.

HacTosuwee npaBui0o NPOEKTUPOBaHUA NPUMEHAETCA K JINTbIM BbINYK/IbIM KpbILLIKam 6e3 pagnyca m3ru-

6a, NoABepPXEHHbIM BO3AECTBUIO faB/ieHuUsl, ANl KOTOPbIX BbINOSHAKOTCS Crlefyloline yCnoBusl.
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O >20° n 4 >115-

roe R <1000 mm.

Ccpepunueckas yacTb f0O/MKHA HAXOAUTLCS BbIlEe rOPU3OHTa/TbHOW LeHTPasibHOM NMHUKM chnaHua.
G.2 NpoekTupoBaHue

G.2.1 O6wume NooxXeHns

BbluncneHne HOMMHa/ILHOIO pacyeTHOro HarpsXeHus B COOTBETCTBUM C 5.2.
Harpysku n nsowaan 60nToB, BbluncieHne - B cootBeTcTBumM ¢ n. 11.4.3 n 11.5.2 EN 13445-3:2009.

G.2.2 TonwmHa KpbliLW KA, AaB/IEHNE HA BbINYKAY0 CTOPOHY

ec=0,85"~*, (G.2-1)
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G.2.3 laBneHne Ha BOTHYTYIO CTOPOHY

EC/nn faBneHve Ha BOTHYTYIO CTOPOHY Bbille, YUEM HA BbINYK/IYl0 CTOPOHY, TO TOMLMHA BEPXYLUKA 40/~
Ha COCTaBNATb He MeHee

Be =165-9-~UA, (G.2-2)

roe nonpegensieTcs B COOTBETCTBUM CO crefytouleli Tabnuuein. MpomMexyTouHble 3HaYeHns nosyyatoT
NINHEHOW MHTepnonaunei.

Tabnuuya G.1 - KoadhcpuumeHT hopmbi

e<R n
0,001 55
0,003 40
0,005 3,7

0,01 3,5

0,1 3,0

G.2.4 TonwwuHa naHua
[lns kOHTakTa MeTanna ¢ MeTa/I/IoM U NPOKIaAoK B BUAE YN/IOTHUTEbHBIX KOMELL:

[=]]

—Z
e -23 WM © (G.2-3)

fooc -n
2

[Ana npoknagok BHYTPU AuameTtpa OKPYXHOCTU LLIeHTPOB OTBepCTVII‘/JI nopa 60NTbI

c-B
G.2-4
& A-B-d’ G249

roe n - KO/IM4yecTBO 6GONTOB;
Wab - pabouas cuna, onpegenenHas EN 13445-3:2009 (pasgen 11).
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