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1 Scope

This document specifies requirements for the manufacture of unfired pressure vessels and their parts, made of
steels, including their connections to non-pressure parts. It specifies requirements for material traceability,
manufacturing tolerances, welding requirements, production tests, forming requirements, heat treatment, repairs
and finishing operations.

2 Normative references

This Europe Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated references, subsequent amendments to or revisions of any of these publications apply to this Europe
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the
publication referred to applies (including amendments).

EN 287-1:2004, EN 287-1:2004/A2:2006, Approval testing of welders — Fusion welding — Part 1: Steels.

EN 875:1995, Destructive tests on welds in metallic materials — Impact tests — Test specimen location, notch
orientation and examination.

EN 876:1995, Destructive tests on welds in metallic materials — Longitudinal tensile test on weld metal in fusion
welded joints.

EN 895:1995, Destructive tests on welds in metallic materials — Transverse tensile test.
EN 910:19986, Desfructive tests on welds in metallic materials — Bend tests.

EN 1043-1:1995, Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness test on
arc welded joints.

EN 1321:1996, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination of
welds.

EN 1418:1997, Welding personnel — Approval testing of welding operators for fusion welding and resistance weld
setters for fully mechanized and automatic welding of metallic materials.

EN 10028-2:2003, Flat products made of steels for pressure purposes — Part 2: Non-alloy and alloy steels with
Specified elevated temperature properties.

EN 10028-3:2003, Flat products made of steels for pressure purposes — Part 3: Weldable fine grain steels,
normalized.

EN 10028-4:2003, Flat products made of steels for pressure purposes — Part 4: Nickel alloy steels with specified
low temperature properties.

EN 10216-1:2002, EN 10216-1:2002/A1:2004, Seamless steel tubes for pressure purposes — Technical delivery
conditions — Part 1: Non-alloy steel tubes with specified room temperature properties.

EN 10216-2:2002+A2:2007, Seamless steel tubes for pressure purposes — Technical delivery conditions —
Part 2: Non-alloy and alloy steel tubes with specified elevated temperature properties.
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EN 10216-3:2002, EN 10216-3:2002/A1:2004, Seamless steel tubes for pressure purposes — Technical delivery
conditions — Part 3: Alloy fine grain steel tubes.

EN 10216-4:2002, EN 10216-4:2002/A1:2004, Seamless steel tubes for pressure purposes — Technical delivery
conditions — Part 4: Non-alloy and alloy steel tubes with specified low temperature properties.

EN 10217-1:2002, EN 10217-1:2002/A1:2005, Welded steel tubes for pressure purposes — Technical delivery
conditions — Part 1: Non-alloy steel tubes with specified room temperature properties.

EN 10217-2:2002, EN 10217-2:2002/A1:2005, Welded steel tubes for pressure purposes — Technical delivery
conditions — Part 2: Electric welded non-alloy and alloy steel tubes with specified elevated temperature properties.

EN 10217-3:2002, EN 10217-3:2002/A1:2005, Welded steel tubes for pressure purposes — Technical delivery
conditions — Part 3: Alloy fine grain steel tubes.

EN 10217-4:2002, EN 10217-4:2002/A1:2005, Welded steel tubes for pressure purposes — Technical delivery
conditions — Part 4: Electric welded non-alloy and alloy steel tubes with specified low temperature properties.

EN 10217-5:2002, EN 10217-5:2002/A1:2005, Welded steel tubes for pressure purposes — Technical delivery
conditions — Part 5: Submerged arc welded non-alloy and alloy steel tubes with specified elevated temperature
properties.
EN 10217-6:2002, EN 10217-6:2002/A1:2005, Welded steel tubes for pressure purposes — Technical delivery
conditions — Part 6: Submerged arc welded non-alloy and alloy steel tubes with specified low temperature
properties.

EN 10222-2:1999 Steel forgings for pressure purposes — Part 2: Ferritic and martensitic steels with specified
elevated temperature properties.

EN 10222-3:1998 Steel forgings for pressure purposes — Part 3: Nickel steels with specified low temperatures
properties.

EN 10222-4:1998, EN 10222-4:1998/A1:2002, Steel forgings for pressure purposes — Part 4. Weldable fine grain
steels with high proof strength.

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

EN 13445-2:2009, Unfired pressure vessels — Part 2: Materials.

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

EN 13445-5:2009, Unfired pressure vessels — Part 5: Inspection and testing.

EN ISO 3834-2:2005, Quality requirements for fusion welding of metallic materials — Part 2: Comprehensive
quality requirements.

EN 1SO 3834-3:2005, Quality requirements for fusion welding of metallic materials - Part 3: Standard quality
requirements.

EN ISO 15609-1:2004, Specification and qualification of welding procedures for metallic materials — Welding
procedure specification — Part 1: Arc welding (ISO 15609-1:2004).

EN ISO 15611:2003, Specification and qualification of welding procedures for metallic materials — Qualification
based on previous welding experience (ISO 15611.2003).
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EN ISO 15612:2004, Specification and qualification of welding procedures for metallic materials — Qualification by
adoption of a standard welding procedure (ISO 15612:2004).

EN ISO 15613:2004, Specification and qualification of welding procedures for metallic materials — Qualification
based on pre-production welding test (ISO 15613:2004).

EN ISO 15614-1:2004, Specification and qualification of welding procedures for mefallic materials — Welding

procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys (ISO 15614-
1:2004).

3 Requirements for manufacturing and subcontracting

3.1 Manufacturing

The general responsibilities of the pressure vessel manufacturer are stated in EN 13445-1:2009. Additionally to
those requirements, the manufacturer shall ensure that:

a) the organisation for the control of manufacturing operations which includes special processes such as welding,
forming and heat treatment shall be clearly defined by the manufacturer;

b) the manufacturing procedures such as welding, forming and heat treatment are adequate for the purpose and
the pressure vessel meets the requirements of this standard. Where specific requirements are associated with
materials these shall be taken into account, e.g. EAMs;

¢) the manufacturing equipment is adequate for fabrication;

d) the staffis adequate for the assigned tasks;

NOTE As far as welding co-ordination is concerned, the qualifications, tasks and responsibilities can be defined by the
manufacturer in accordance with EN ISO 14731:2007 [1] in the job assignment.

e) the quality requirements for welding defined in EN ISO 3834-3:2005 are met as a minimum.

3.2 Subcontracting

The manufacturer may subcontract work, but shall ensure that the subcontractor carries out the work in accordance
with the requirements of this European Standard. The manufacturer is responsible for the adequate definition of the
subcontracted task and the need for any associated records.

On all occasions that the subcontractor work includes

a) welding;

b) forming including associated heat treatment;

¢) postweld heat treatment;

d) non-destructive testing of welds (see EN 13445-5:2009),

the manufacturer shall obtain a subcontractor form (see Annex B).

Where welding operations are subcontracted, the manufacturer shall also either obtain copies of the welding

procedure and welding operator qualification records or take other action to ensure that they comply with this
standard.
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In discharging his responsibility to ensure that the subcontractor carries out the work in accordance with this
standard the manufacturer shall ensure that surveillance of the subcontracted work is performed.

Where a manufacturer is producing equipment that requires the intervention of a responsible authority, the
manufacturer should inform the responsible authority of his intention to subcontract so that the responsible
authority has the opportunity to take part in the subcontractor surveillance.

NOTE 1 See also EN 764-3:2002, 2.11 [2] and CR 13445-7.

NOTE2  When the manufacturer is producing equipment based on quality assurance, the controls a manufacturer applies
over subcontractors should be described in his approved quality system.

4 Materials

4.1 General

Materials for pressure vessels and the grouping of materials for pressure vessels shall be in accordance with
EN 13445-2:2009.

The grouping applies regardless of product form, i.e. plate, forging, piping.
4.2 Material traceability

4.21 General
The vessel manufacturer shall have and maintain an identification system for materials used in fabrication, so thai

all material subject to stress due to pressure and those welded thereto in the completed work can be traced to its
origin. This includes the use of welding consumables.

4.2.2 |dentification system

4221 The vessel manufacturer's identification system shall assure that all materials to be used in the vesse
have been subjected to and satisfactorily passed the following:

a) examination of material before fabrication for the purpose of detecting, as far as possible, imperfections which
would affect the safety of the work;

b) check of material to determine that it has the required thickness;

¢) check of the material to assure that the materials are permitted by this European Standard, fully traceable to
the correct material certification and as specified in the design documentation;

d) check of the welding consumables to assure the correct markings and that correct conditions are maintained to
prevent deterioration.

4.2.2.2 Material traceability to the original identification markings shall be by one or more of the following
methods:

a) accurate transfer of the original identification markings to a location where the markings will be visible on the
completed vessel;

b) identification by a coded marking traceable to the original required marking;
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c) recording the identification markings using material lists or as built sketches which assure identification of each
piece of material during fabrication and subsequent identification in the completed vessel;

d) the batch numbers of welding consumables shall be recorded.
4.2.3 Visibility
Materials which cannot be stamped or which will not be visible after the vessel is completed or for small multiple

parts or non pressure parts the manufacturer may operate a documented system which ensures material trace-
ability for all materials in the completed vessel.

4.2.4 Review of material certification and material identification

All material certification shall be reviewed upon receipt. The review shall cover the completeness and adequacy of
the reports against the following:

a) mechanical and chemical properties required to be reported by the material specification;
b) assuring that the reported results meet the requirements of the specification;

c) all markings required by the material specification are satisfied and that there is traceability between the actual
markings and those recorded on the material certification.

All materials certification shall be made readily available throughout manufacture.

4.2.5 Transfer of markings

In case the original identification markings are unavoidably cut out or the material is divided into two or more pieces
the markings shall be accurately transferred by the manufacturer's nominated personnel prior to cutting.

The actual material marking shall be by methods which are not harmful to the material in subsequent
use/operation.

The transfer of markings shall take place before partitioning of the product and after verification of the marks
present with the corresponding certification.

5 Manufacturing tolerances

5.1 Surface geometry of welds

The surface geometry of welded butt and fillet joints shall meet the requirements of EN 13445-5:2009 unless the
drawing specifies more stringent requirements.

5.2 Middle line alignment

The misalignment tolerances of middle lines shall be as specified in Tables 5.2-1, 5.2-2, 5.2-3 and Figure 5.2-1.



CTb EN 13445-4-2009

a) Middle line alignment di at equal thickness er = e2 b) Middle line alignment di at different thickness ei < e2

Figure 5.2-1 — Middle line alignment di

For longitudinal welds in cylinders, cones and rectangular/prismatic structures the middle lines of adjacent
components (whether of equal or different thickness) shall be aligned within the tolerances specified in Table 5.2-1.

Table 5.2-1 — Offset of middle lines for longitudinal welds in cylinders, cones
and rectangular/prismatic structures

Dimensions in millimetres

Thinner part thickness e. Maximum misalignment d,
ey< 2 0,5
2<e\< 4 e\l4
4<L510 1
10<ei< 30 e,/10
30<el<60 ei/30 +2
8o < 4

For longitudinal welds in dished ends and welds in spherical components the middle lines of adjacent parts
(whether of equal or different thickness) shall be aligned within the tolerances specified in Table 5.2-2.

Table 5.2-2 — Offset of middle lines for longitudinal welds in dished
ends and in spherical components of adjacent parts

Dimensions in millimetres

Thinner part thickness e. Maximum misalignment d\
o< 2 0,5
2< S 4 el/4
#= < O 1
°< £ P e,/10
30<e <120 e, /30 +2
120 <<?, 6

For circumferential welds the middle lines of adjacent parts (whether of equal or different thickness) shall be
aligned within the tolerances specified in Table 5.2-3.
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Table 5.2-3 — Offset of middle lines of circumferential
welds of adjacent parts

Dimensions in millimetres

Thinner part thickness e, Maximum misalignment d,
er< 30 /10 +1
30<e1 <150 e/30+3
150 < ¢y 8

5.3 Surface alignment

5.3.1 Surface misalignment between parts

Where there is misalignment at the surface between parts of the same nominal thickness the transition across the
weld shall be smooth and gradual with a slope of 1 in 4 over the width of the weld. If this taper cannot be
accommodated within the weld width it is permissible to either:

a) grind the higher plate surface, where this will not reduce the joint thickness at any point below the nominal
specified plate thickness minus the plate thickness tolerance;

b) build up the lower plate surface with added weld metal

5.3.2 Joining of parts of different thickness

Where different thickness are being joined a taper shall be produced in accordance with EN 13445-3:2009 by
either:

a) taper the thicker plate in accordance with the design drawing and then applying the requirements above for the
same nominal thickness parts; or

b) obtain the required slope across the width of the welds, or by a combination of weld build up on the lower
surface with added weld metal and thereafter obtain the required slope across the weld width.

5.4 Tolerances for vessels subjected to internal pressure

5.4.1 External diameter

For cylindrical and spherical pressure vessels the mean external diameter derived from the circumference shall not
deviate by more than 1,5 % from the specified external diameter.

For rectangular vessels and/or prismatic structures each external dimension shall not deviate by more than 1,5 %
from the specified external dimension.

5.4.2 Out of roundness

Out of roundness (O) shall be calculated in accordance with the following equation (5.4-1):

2'(Dmax_ij.n)_loo (5.4-1)
D +D

max min

0 [%]=

It shall not exceed the following values:

a) 1,5 % forthe ratio of e/D < 0,01;
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b) 1,0 % forthe ratio of /D > 0,01.

NOTE The determination of the out of roundness need not consider the elastic deformation due to the deadweight of the
pressure vessel.

Irregularities in vessel profile (e.g. dents, buckling, flats on nozzle positions) shall be also within the tolerances in a)

and b). A greater out of roundness may be acceptable provided they have been proven admissible by calculation or
strain gauge measurements.

5.4.3 Deviation from the longitudinal axis

The deviation from the longitudinal axis over the length of the cylindrical portion of the pressure vessel shall not
exceed 0,5 % of the length of the shell.

5.4.4 Irregularities in profile
a) Localirregularities in vessel profile

Irregularities in profile (e.g. dents, buckling, flats on nozzle positions) shall be smooth and the depth shall be
checked by a 20° gauge and shall not exceed the following values:

1) 2 % ofthe gauge length; or

2) 2,5 % of the gauge length provided that the length of the irregularities does not exceed one quarter of the
length (with a maximum of 1 m) of the shell part between two circumferential joints.

Greater irregularities require proof by calculation or strain gauge measurement that the stresses are permissible.
b) Peaking on longitudinal butt welds

When irregularity in the profile occurs at the welded joint and is associated with "flats" adjacent to the weld, the
irregularity in profile or (peaking) shall not exceed the values given in Tables 5.4-1 and 5.4-2.

Measurement for peaking shall be made by means of a 20° profile gauge (or template), see Figure 5.4-1, or other
types of gauge such as a bridge gauges or needle gauges.

For outwards peaking two readings shalil be taken, P, and P, on each side of the joint, at any particular location, the
maximum peaking is determent using equation (5.4-2)

P=025(A+P) (5.4-2)
The inwards peaking P shall be measured.

The inside radius of the gauge shall be equal to the nominal outside radius of the vessel.
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a) sufficient cut-out to adequately keep clear off the weld reinforcement

b) For outwards peaking two readings Pnand P: shall be taken

¢) Forinwards peaking P shall be measured

Figure 5.4-1 — Gauge details, measurement of peaking

Measurements shall be taken at approximately 250 mm intervals on longitudinal seams to determine the location
with the maximum peaking value. The maximum peaking value for dynamic and cyclic loads shall be in accordance
with Table 5.4-1 and for static loads in accordance with Table 5.4-2.
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Table 5.4-1 — Maximum permitted peaking P in longitudinal welds for
dynamic and cyclic loads

Dimensions in millimetres

Vessel wall thickness ¢ Maximum permitted peaking P
e<3 1,5
3<e<6 2,5
6<e<9 3,0
9<e the lesser of e/3, or 10 mm

For cyclic loaded pressure vessels see also EN 13445-3:2009 and EN 13445-5:2009, Annex G in respect of
peaking requirements. Peaking values in excess of the above are only permitted when supported by special
analysis but in any case must not exceed the values in Table 5.4-2.

Table 5.4-2 — Maximum permitted peaking P at longitudinal welds for vessels
subject to predominantly non cyclic loads

Dimensions in millimetres

Vessel ratio wall thickness

« to diameter D Maximum permitted peaking P

e/D < 0,025 5
e/D > 0,025 10

See also EN 13445-5:2009 for testing group 4 vessels for additional limits on peaking.

| 5.4.5 Local thinning

5451 Local areas of thickness below the values (e+c) where e is the required thickness and ¢ is the

- corrosion allowance shall be permissible without further calculation provided all of the following conditions are
fulfilled:

- a) the wall thickness difference does not exceed the smaller of the two values 0,05 ¢ or 5 mm;

. b) the area of the thickness below the minimum design thickness shall be inscribed by a circle the diameter of
which shall not exceed the smaller of the two values ¢ or 60 mm;

c) the distance between two areas from edge to edge of wall thickness below the minimum design thickness shall
be at least the width

JD-e

" where
D is equal to the external diameter of the pressure part;
e is the required thickness of the plate;
j d) the total area of thickness below the minimum design thickness shall not exceed 2 % of the total surface;

" e) the area is not in the knuckle region of a dished end.

10
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5.4.5.2 Furthermore, local areas of wall thickness smaller than the minimum design wall thickness shall be
permissible provided:

a) the diameter of a circumscribed circle of the area with a wall thickness below the minimum design wall
thickness has no larger dimension than that of a calculated permissible unreinforced opening according to
EN 13445-3:2009 with a maximum of 200 mm;

b) the residual wall thickness is greater than the thickness of a flat end of the same diameter and calculated with a
C-factor of 0,35;

¢) the areas of reduced wall thickness are recorded.
5.4.6 Dished ends
Dished ends (see Figure 5.4-2) shall be aligned with the tolerances specified in Table 5.4-3 except that the crown

radius shall not be greater than that specified in the design and the knuckle radius shall not be less than the values
specified in the design.

PN
a7
}
= l 1 % \
Y U : L)
@; o
ey De -

Symbol Quantity Unit
D, Outside diameter mm
H Inner high mm
hq Straight flange mm
e Nominal wall thickness mm
o Deviation of straight flange from cylindrical shape inner side angle degree
%o Deviation of straight flange from cylindrical shape outer side angle degree
C Circumference mm

Out of roundness
o 0:2'(Dmax_Dmin).100 %
D +D_.
2 In place of the nominal wall thickness e¢,, dished ends can be ordered with minimum wall thickness:
emin = €, - d. FOre, and & refer to EN 13445-3:2009, 5.2.3

Figure 5.4-2 — Tolerances for dished ends

11
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Table 5.4-3 — Dished end tolerances

Symbol Range of application Limit deviations Notes
C D, <300 mm +4 mm
Ferritic materials:
300 mm < D, <1000 mm +0,4 %
1000 mm<D, +0,3%
Austenitic materials:
D, > 300 mm +05%/-0,7%
Clad materials:
D.> 300 mm +1%
0 all <1%
the greater of
H all +0,015-D,
or+ 10 mm
en e, <10 mm -0,3mm If minimum wall thickness ey, for the
10 mm < e, <30 mm -0,5mm dished end is specified no negative
30 mm < e, < 50 mm -0,8mm tolerance (&) in thickness is permissible.
e,> 50 mm -1,0 mm
In case of dished ends where the outer
<9 side angle is influenced by an upsetting
% all = due to the forming process the deviation
o, <5° of the straight flange from the cylindrical

shape shall be measured only on the
inside of the dished end.

If not otherwise specified in the drawing the length of the straight flange /1 shall be as following:

y

all

hy =3 te,
or
h1=3 - emin

The length of the straight flange need,
however, not be more than:

Wall thickness e, Length of the
Or emin straight flange
mm mm
50<e,< 80 120
80<e¢,<100 100
100 <e,<120 75
120 <e, 50

12
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8.5 Tolerances for vessels subjected to external pressure

Tolerances shall be in accordance with EN 13445-3:2009, but in no case shall they exceed the tolerances specified
in5.4.

5.6 Structural tolerances

Structural tolerances, other than those specified in 5.4 and 5.5 should not exceed the values recommended in
Annex A.

6 Weld details

6.1 General

The manufacturer in selecting an appropriate weld detail should give consideration to:

a) the method of manufacture;

b) the service conditions (e.g. corrosion);

¢) the ability to carry out the necessary non-destructive testing required in accordance with EN 13445-5:2009;
d) the design requirements given in 5.7 and in Annex A of EN 13445-3:2009 for welds.

Other weld details may be used.

NOTE1  Annex A of EN 13345-3;2009 gives figures of the joints in finished condition, design requirements mainly on
geometry, a list of applicable testing groups, recommendations for prevention of lamellar tearing and corrosion.

NOTE 2  Basic weld details are given in EN 1708-1 [5]. These details show sound and commonly accepted practice. It is not
intended that these are considered mandatory or should restrict development of welding technology any way and as a result
other suitable weld details may be used.

6.2 Vessels or parts made of more than one course
Where a vessel or vessel part is made of two or more courses the longitudinal weld joints of adjacent courses shall
be staggered by 4-e with 10 mm minimum, or 30 mm minimum when the vessel or vessel part is either working in

the creep range or designed by Design by Analysis — Direct Route (Annex B of EN 13445-3:2009) or designed
using 6.3 of EN 13445-3:2009.

6.3 Lapped joints, joggle joints, permanent backing strips

Design and weld details shall be in accordance with EN 13445-3:2009.

7 Welding

7.1 General

Welding of the component parts of a pressure vessel shall only be undertaken if the following conditions are
satisfied:

a) a welding procedure specification is held by the manufacturer;

13
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b) the welding procedures selected by the manufacturer are qualified for the field of application;

¢) the welders and welding operators are qualified for the work allocated to them and their approval is valid.

7.2 Welding procedure specification (WPS)

The manufacturer shall compile welding procedure specifications, in accordance with EN ISO 15609-1:2004 for all
welds.

7.3 Qualification of welding procedure specifications (WPAR)
Welding procedure specifications to be used in production shall be qualified by reference to an appropriate WPAR.

For the pressure retaining welds of a pressure vessel this shall be achieved by performing welding procedure
approval tests in accordance with ENISO 15614-1:2004 or by preproduction tests in accordance with
EN 1SO 15613:2004.

In addition to the requirements of EN ISO 15614-1:2004 the following tests shall apply:

a) For test plates on butt joints equal to or over 20 mm thickness a longitudinal weld tensile test having a
minimum diameter equal to or over 6 mm shall be performed in accordance with EN 876:1995 and R, R, and
As shall satisfy the specified minimum requirements of the base material or for weld consumables
requirements in EN 13445-2:2002, clause 4.3.5 or other relevant values specifically taken into account in the
design (e.g. austenitic filler metal in combination with 9 % Nickel steel).

Where the design temperature is higher than 300 °C then the test shall be done at the design temperature.

NOTE 1 It is important that special consideration is given where the mechanical properties of the weld are below the base
materials by design, e.g. 9 % Ni steels welded with austenitic filler metal.”

b) a micro examination shall be performed for material groups 8.2 and 10 in accordance with EN 13445-2:2009,
Table A-1.

— requirements on welds, material group 8.2: the micro examination shall show adequate microstructure

NOTE 2 CQccasional isolated micro fissures with a length of < 1,5 mm may be acceptable, but should be reported.
— requirements on welds, material group 10: the micro examination shall show adequate microstructure

— the ferrite content in the heat affected zone (HAZ) shall be between min. 30 % and max. 70 %. In the high
temperature HAZ, a distance of about two times the grain size from the fusion line, the ferrite content shall
be equal to or less than 85 %. Where the welding consumable used are of an austenitic-ferritic matching
type the ferrite content in the weld metal shall also be between 30 % and 70 %. The ferrite content shall
be measured by metallographic methods. If the welding consumables are of non-matching type (i.e.
austenitic) the requirement for ferrite content in the weld metal does not apply.

14
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NOTE 3 The limit deviation on metallographic measurements frequently are of the order of + 5 %.

¢) Impact test: The testing and the acceptance criteria shall conform to EN ISO 15614-1:2004; in addition, ti
impact test requirements in accordance with EN 13445-2:2009, Annex B shall apply.

For austenitic steels see also Clause 8.2 a) 2) of this part of the standard.

For welds other than pressure retaining welds directly attached to the pressure vessels e.g. tray rings, support fe:
etc. welding procedure specifications may be acceptable by holding welding procedure approval records carried ¢

itk tied st s habindhs et

in accordance with EN ISO 15611:2003 and EN ISO 15612:2004.

If required, the welding procedure approval records shall be approved by a competent third party, who sh
perform examination and tests (or have them carried out) as specified in EN ISO 15614-1:2004 and this clause.

NOTE 4  For all test coupons it is permissible for a manufacturer to subcontract preparation of test pieces and their testi
but not the welding of the test pieces.

7.4 Qualification of welders and welding operators
Welders and welding operators shall be approved to EN 287-1:2004 or EN 1418:1997 respectively.
NOTE 1 The training, supervision and control of welders and welding operators is the responsibility of the manufacturer.

An up-to-date list of welders and welding operators together with records of their approval test shall be maintain:
by the manufacturer.

The prolongation (every 6 months) and re-approval (every 2 vears) shall be carried out in accordance with EN 28
1:2004.

The evidence in support of the prolongation and re-approval shall be maintained for at least 2 years.

NOTE 2  Any welders not in the employ of the manufacturer may be used provided they are under the full technical control
the manufacturer and work to the manufacturer's requirements.

7.5 Filler metals and auxiliary materials

The technical delivery conditions for welding consumables shall be in accordance with EN 13445-2:2009. The fil
metals and auxiliary materials shall be documented, and shall be suitable for use with the parent metals, tl
welding processes and the fabricating conditions.

All welding consumables shall be stored and handled with care and used in accordance with the conditio
specified by the welding consumable manufacturer.

NOTE This is particularly important where baking and drying are specified.

Electrodes, filler wires and rods and fluxes that show signs of damage or deterioration, such as cracked or flak
coating, rusting or dirty electrode wire, shall not be used.

7.6 Joint preparation
Material shall be cut to size and shape by any mechanical or thermal cutting process or by combination of both.

NOTE 1 This may be carried out before or after forming operations.

15
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Where thermal cutting is employed precautions shall be taken to ensure that the edges are not adversely
influenced by hardening.
NOTE2  For some materials this will involve preheating prior to cutting.

The cut edges of ferritic steel which are cut by the thermal process, shall be dressed back by grinding or machining
if required by the WPS.

The surface to be welded shall be thoroughly cleaned of oxide, scale, oil grease or other foreign substance and
shall be free of defects such as inclusions, cracks and laminations to avoid any detrimental effect on weld quality.

The edges to be welded shall be kept in position, either by mechanical means, temporary attachments or by tack
welds or by a combination. The tack welds shall be removed or fused again in the weld bead (see Note 3). In both
cases, the manufacturer shall take all precautions so that the tack welding or temporary attachment or a
combination of these does not generate metallurgical or homogeneity defects.

It is permissible to use tack welds and incorporate them into the final weld provided they have been made to an
red welding procedure by approved welders.

Where single sided welds are being used, the manufacturer shall ensure that the alignment and the gap of the
edges to be welded will be adequate to assure the required penetration at the weld root.

During the whole welding operation, the edges to be welded shall be held so that the alignment tolerances defined
in 5.2 are satisfied.

7.7 Execution of welded joints

The welder shall have available the applicable WPS or detailed work instructions based on the approved WPS and
defining all essential variables under direct control by the welder.

Depending on the weld process, after each weld run, the slag shall be removed and the weld cleaned and the
surface defects removed to obtain the proper quality of weld metal.

Unless the welding process used provides effective and sound penetration, the second side of a welded joint shall
be removed back to sound metal using a mechanical or thermal process or by grinding.

Arc strikes on pressure vessel parts outside the weld preparation shall be avoided. Where arc strikes occurs
accidentally the affected area (including the heat affected area) shall be repaired in accordance with 11.1.

A record shall be maintained of which welder or welding operator has carried out each weld.

NOTE This may be by marking each weld with a welder identification mark or alternatively by means of records which
assure traceability of the welder to his work throughout the construction of the pressure vessel.

7.8 Attachments, supports and stiffeners

Attachments, whether temporary or not, supports and stiffeners shall be welded to a part subject to pressure by
qualified welders using a qualified procedure.

Temporary attachments shall be removed using a technique which does not affect the properties of the metal of the

pressure part to which they are welded. Care shall to be taken that the area of the removed attachment is free of
surface cracks. Repair shall be carried out in a accordance with 11.2.
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Cold formed dished ends of ferritic steels without subsequent heat treatment shall not be welded or heated up
locally to temperatures between 550 °C and 750 °C in the knuckle area.

7.9 Preheat

The manufacturer shall include in the WPS the preheating temperatures and, where relevant, the inter-pass
temperatures required for the welding. The preheating temperature shall be determined by taking into consideration
the composition, and thickness of the metal being welded, the welding process being used and the arc parameters.

NOTE Recommendations for preheating for ferritic steels are given in EN 1011-2 [4], recommendations for preheat control
are given in EN ISO 13916 [6].

The preheating temperature specified in the WPS shall be adhered to when tack welding and during the entire
welding operation. Adherence to the preheating temperature shall be continuously monitored with suitable
measuring instruments or temperature indicating crayons.

No welding shall be carried out when the temperature of the parent metal near the joint is less than +5 °C.

8 Manufacture and testing of welds — Production test

8.1 General

In order to control the continuing quality of the manufacture and the compliance of the mechanical properties of the
welds with the specification, production test plates shall be welded and tested in accordance with 8.2 and 8.3.

Production test plates apply only to governing shell-longitudinal and —circumferential welds (see EN 13445-3:2009).

Specific requirements apply to vessels and vessel parts made of thermo-mechanically rolled steels (group 2.1) and
quenched and tempered steels (group 3.1). See 8.2 f).

NOTE When a vessel includes one or more longitudinal welds the test plates should wherever practicable be attached to
the shell plate on one end of the weld so that the edges to be welded in the test plate are a continuation and duplication of the
corresponding edges of the longitudinal welds. The weld metal should be deposited in the test plates continuously with the
welding of the corresponding longitudinal weld so that the welding process, procedure and technique are the same. When it is
necessary to weld the test plates separately, the procedure used should duplicate that used in the construction of the vessel.

Where difficulties are encountered with electro slag welds in transferring from welds with different curvatures (e.g. from a
cylinder to a flat coupon plate) the test plate may be welded separately either immediately before or immediately after the welds
of the vessel, using the same welding parameters.

When the test plates are required for circumferential welds they shall be welded separately from the vessel
providing the technique used in their preparation duplicates as far as possible the procedure used in the welding of
the appropriate welds of the vessel.

8.2 Reference criteria

The criteria for the determination the number of production test plates is given below. This is dependent upon the
material, the length of welded joints, the thickness, post weld heat treatment (PWHT) and the joint coefficient for
each qualified weld procedure. Special provisions are given for testing group 4. The actual testing of production test
plates is dependent on the material and the thickness. Additional specific impact testing requirements are also
addressed below.
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a)

In addition to the requirements in c) to f) below impact tests (in accordance with EN 13445-2:2009, B 3.) shall
be carried out on a production test plate in the following situations.

1) For ferritic and austenitic-ferritic steels:

— When the material thickness is greater than 12 mm and the required impact temperature Tyy is below - 10

°C and the impact test temperature of the welding procedure qualification test qualifying the weld to
achieve the required impact energy is not more than 15 °C below the Tyy.

— When the material thickness is greater than 6 mm, but less than or equal to 12 mm, and the required
impact temperature Txy is below —30 °C and the impact test temperature of the welding procedure
qualification test qualifying the weld to achieve the required impact energy is not more than 15 °C below
Tkyv. These requirements are summarised in table 8.2.

Where a test plate is required by c) to f) below then the impact specimens may be cut from the test plate along
with the other required test specimens. Where a test plate is not required by ¢) to e) then a short test plate
sufficient in length only to obtain the required impact tests plus any allowance for retests shall be produced at
a frequency of one test plate per vessel weided to the same procedure as the longitudinai weids. Where a
number of similar vessels are welded at the same time, to the same welding procedure using the same batch
of welding consumables, they may be represented by one production test for impact tests up to a maximum of

25 m of longitudinal weld by agreement of the responsible parties, as appropriate.

Table 8.2 Required production control test plate for impact tests

Thickness of Tkv<-10°C >-30°C Tkv< =30 °C
weld seam
T =-10°C Tpar < Teor > Tear < Teor >
Tkw—=15°C Ty =15°C Ty =15 °C Tky=15°C
<6 mm no no no no no
>6<12mm no no no no yes
>12 mm no no yes no yes
Trar = the impact test temperature used on the relevant Welding Procedure Qualification test to achieve the required
impact energy.
Tkv = the required impact test temperature taken from EN 13445-2:2009, Annex B.
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NOTE 1 For carbon steels in groups 1.1 and 1.2 When PQR data is at a different test temperature from the required
impact test temperature, it may be converted to a common temperature base on the basis of 1,5 J per °C. Such conversion
shall be permitted only in the range of 18 J to 55 J of Charpy V impact energy. Values in excess of 55 J shall be taken as
55 J. The 1,5 J per °C relationship may also be utilised to determine the temperature adjustment when seeking to compare
data at common impact energy levels, however, this may not exceed 15 °C reduction.

EXAMPLE 1 Conversion of 33 J at a Tpgr of — 20 °C towards 40 J:

33 J at —20 °C may be regarded as equivalent to 40 J at —15 °C.
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EXAMPLE 2 Conversion of 100 J at a Tpgr of — 20 °C towards 40 J (restriction to max. 55 J):
100 J at —20 °C may be regarded as equivalent to 40 J at =30 °C.

EXAMPLE 3 Conversion of 100 J at a Tpar of — 20 °C towards 27 J (restriction to max. 55 J and reduction of max.
15°C)

With 100 J at =20 °C one can use an equivalent of 27 J at a temperature not lower than =35 °C.
2) For austenitic steels:

When the minimum design temperature Tj,; of the vessel is less than -105 °C the weld and heat-affected zones
shall meet a minimum of 40 J when tested at -196 °C.

NOTE 2 For practical reasons, the test temperature of -196 °C is standardised for all austenitic steel testing of any design
temperature below -105 °C.

For filler metals of type 199 L, 199 Nb, 19123 L,19123L Si,19134NL,2520L,25222NL, 27314 Cu
L and nickel based filler metals this may be demonstrated on procedure qualification tests, and further
production test plates are not required.

For other weld metal composition and where the weld metal ferrite content exceeds 12 FN, each batch of weld
metal shall demonstrate the required impact properties, or a production test plate for impact properties shall be
carried out per vessel at -196 °C.

NOTE 3 For filler metal designation see EN ISO 14343.

For the welds in vessels in testing group 4 (see EN 13445-5:2009) no production test plates shall be required.
There is a strict relationship between the WPS and the mechanical properties obtained in the procedure
approval test for material group 1.1. Because of the tolerance of material group 1.1 to weld procedural
variables, production tests are not required if all the following conditions are met:

1) the quality requirements for welding according to EN ISO 3834-2:2005 or EN ISO 3834-3:2005 are
fulfilled;

2) the welding process is fully mechanised (see ISO 857-1 [3]) ensuring that the welding procedure is
applied consistently

3) there is no requirement in the WPS for preheating or post weld heat treatment (PWHT);
4) the wall thickness e, < 30 mm.

For vessels made of materials in material groups 1.1, 1.2 and 8.1, the following shall apply:

1) for longitudinal welds, one test plate per vessel in the case of joint coefficient 1,0,

2) one test plate per 200 m of longitudinal welds in the case of joint coefficient 0,85 or of welds in heads
except of hemispherical heads in the case of joint coefficient 1,0;

3) one test plate per year, where the circumferential welds are welded to a procedure involving joggle joints
or permanent backing strips (see 6.3).
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e)

f)
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After 10 consecutive test plates have successfully passed the tests, testing may be reduced to the following:
4) one test plate per 200 m of longitudinal welds in the case joint coefficient of 1,0;

5) one test plate per 1 500 m of longitudinal welds in the case of joint coefficient 0,85 or of welds in heads
except of hemispherical heads in the case of joint coefficient 1,0;

6) one test plate per year, where the circumferential welds are welded to a procedure involving joggle joints
or permanent backing strips (see 6.3).

For vessels made of material in material groups other than those covered in d) the following shall apply:
1) for longitudinal welds, one test plate per vessel in the case of joint coefficient 1,0;

2) one test plate per 100 m of longitudinal welds in the case of joint coefficient 0,85 or of welds in heads
except of hemispherical heads in the case of joint coefficient 1,0;

3) where the circumferential welds are welded to a procedure different to the longitudinal joints, two test
plates per year or one test plate per vessel which ever is less.

After 50 consecutive test plates have successfully past the tests, testing may be reduced to the following:
4) one test plate per 50 m of longitudinal welds in the case of joint coefficient 1,0;

5) one test plate per 500 m of longitudinal welds in the case of joint coefficient 0,85 or of welds in heads
except of hemispherical heads in the case of joint coefficient 1,0;

6) where the circumferential welds are welded to a procedure different to the longitudinal joints, two test
plates per year or one test plate per vessel which ever is less.

For vessels made of thermo-mechanically rolled steels (group 2.1) and quenched and tempered steels (group
3.1), independent of the joint coefficient, the following shall apply:

1) for vessels not subjected to post-weld heat treatment, d) shall apply;

2) for longitudinal welds, made by an automatic welding process, one test plate per vessel, WPS, cast and
post-weld heat treatment furnace load;

3) for circumferential welds, made by an automatic welding process, if welded using the same WPS as for
longitudinal welds, no further test plates are required. If welded by a different WPS to that used for
longitudinal welds, one test plate per vessel, WPS, cast and post-weld heat treatment furnace load;

4) for welds made by manual welding process, one test plate per vessel, WPS, welding position, cast and
post-weld heat treatment furnace load;

After 10 consecutive test plates have successfully passed the tests, testing may be reduced to the following:

5) for automatic welded longitudinal welds, one test plate per vessel;
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6) for manual welds, one test plate per vessel in the most difficult welding position.

The testing of the production test plate shall consider the parameters for the post-weld heat treatment(s) of the
pressure vessel.

8.3 Extent of testing

The type and number of specimens to be taken from the test plate after final heat treatment shall be in accordance
with Table 8.3-1 for the particular material and thickness applicable.

NOTE The number and type of test specimens to be taken from the test plate are dependent on material group and
thickness.

The test plate shall be of sufficient size to allow for the required specimens including an allowance for retests.

Prior to cutting the test pieces, the test plate shall be non-destructively tested in order to ensure that the test
specimens are taken from sound areas.
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Table 8.3-1 — Testing of production test plates

Material group Thickness °rfntrﬁ3t plates ¢? Test specimens b ¢, d
e<12 1FB, 1 RB, 1Ma
1:; 12<e¢<35 31W, 1 Ma
3B<e 3IW,1TT,1LT, 1 Ma
13 e<12 1FB, 1RB, 1 TT, 1 Ma, HT
241 12<e 31W,3IH,1TT, 1LT, 1 Ma, HT
e<12 1FB, 1 RB, 1 TT, 1 Ma, HT
3 12<e 31W,3IH,1TT, 1LT, 1 Ma, HT
e<12 1FB, 1RB, 1 TT, 1 Ma, HT
¢ 12<e 31W,3IH,1TT, 1LT, 1 Ma, HT
e<12 1FB, 1RB, 1 TT, 1 Ma, HT
5 12<e<30 3IW,3IH(>3%Cr),1TT,1LT, 1 Ma, HT
30<e 31W,3[H,1TT, 1LT, 1 Ma, HT
e<12 1FB, 1RB, 1 TT, 1 Ma, HT
® 12<e 3IW,3IH,1TT, 1LT, 1 Ma, HT
7.1 e<12 1FB,1RB, 1 TT, 1 Ma, HT
7.2 12<e 31W, 3 IH, 11T, 1 Ma, HT
e<12 1FB,1RB,1TT,1Ma
81 12<e 31W,1TT, 1 Ma
e<12 1FB,1RB, 1 TT, 1 Mi
8.2
12<e 3IW, 1 TT, 1 Mi
e<12 1FB,1RB, 1 TT, 1 Ma, HT
° 12<e 31W,31H,1TT, 1LT, 1 Ma, HT
e<12 1FB,1RB, 1 TT, 1 Mi, HT
10 12<e 3IW,31H, 1TT, 1LT, 1 Mi, HT

Thinner plate thickness.

When impact test requirements in accordance with EN 13445-2:2009, Annex B apply:
— for impact test temperature Ty, = - 30 °C impact tests IW and IH are required for e > 12 mm;
—  for impact test temperature Ti, < - 30 °C impact tests IW and IH are required for e > 6 mm.

For LT see 8.4.3 for thickness limitation.

The symbols for Table 8.3-1 are given in Table 8.3-2.
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Table 8.3-2 — Test specimens

Designation Abbreviation

Face bend test to EN 910:1996 FB
Root bend test to EN 910:1996 RB
Transverse tensile test to EN 895:1995 TT
Longitudinal weld tensile test to EN 876:1995 LT
Impact test; weld deposit to EN 875:1995 W
Impact test, HAZ to EN 875:1995 IH

Macro examination to EN 1321:1996 Ma
Micro examination to EN 1321:1996 Mi

Hardness test to EN 1043:1995-1 HT

8.4 Performance of tests and acceptance criteria

8.41 General

The individual test pieces shall be manufactured, tested and shall meet the acceptance criteria defined.

8.4.2 Transverse tensile test
The testing and the acceptance criteria shall conform to EN 1SO 15614-1:2004.

NOTE Special consideration should be given where the mechanical properties of the weld are below the base materials by
design, e.g. 9 % Ni steels welded with austenitic filler metal.

8.4.3 Longitudinal weld tensile test

For test plates on butt joints equal to and over 20 mm thickness a longitudinal weld tensile test having a minimum
diameter equal to and over 6 mm shall be performed in accordance with EN 876:1995 and R.r, R and As shall
satisfy specified requirements of the base material or other relevant values specifically taken into account in the
design (e.g. austenitic filler metal in 9 % Nickel steel). Where the design temperature is higher than 300 °C then the
test shall be done at the design temperature.

NOTE Special consideration should be given where the mechanical properties of the weld are below the base materials by
design, e.g. 9 % Ni steels welded with austenitic filler metal.

8.44 Impacttest

The testing and the acceptance criteria shall conform to EN ISO 15614-1:2004; in addition, if applicable, the impact
test requirements according to EN 13445-2:2009, Annex B shall apply.

8.4.5 Bend test

The testing and the acceptance criteria shall conform to EN ISO 15614-1:2004.
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8.4.6 Macro examination
The testing and the acceptance criteria shall conform to EN ISO 15614-1:2004.

The macro examination shall show sound build-up of beads and sound penetration.

8.4.7 Micro examination

— requirements on welds, material group 8.2: the micro examination shall show adequate microstructure

NOTE  Occasional isolated micro fissures with a length of < 1,5 mm may be acceptable, but should be reported.

— requirements on welds, material group 10: the micro examination shall show adequate microstructure

The ferrite content in the heat affected zone (HAZ) shall be between min. 30 % and max. 70 %. In the high
temperature HAZ, a distance of about two grain size from the fusion line, a ferrite content shall be equal or less
than 85 %. Where the welding consumable used are of an austenitic-ferritic matching type the ferrite content in the
weld metal shall also be between 30 % and 70 %. If the welding consumables are of non-matching type (i.e.

austenitic) the requirement for ferrite content in the weld metal does not apply.

NOTE The limit deviations on metallographic measurements frequently are of the order of £ 5 %.

8.4.8 Hardness test

The testing and the acceptance criteria shall conform to EN ISO 15614-1:2004.

8.4.9 Retests

 Where individual tests do not conform to the requirements specified in this standard and the reasons shall be
investigated. Where the unsatisfactory test result is due to poor testing technique or to a locally limited imperfection
the following retests shall be made:

a) tensile test: the test shall be repeated on two tensile test specimens taken from the same test plate, both
results shall meet the requirements;

b) bend test: the test shall be repeated on two bend test specimens taken from the same test plate; both results
shall meet the requirements;

- ¢) impact test: the test shall be repeated on three Charpy-V-notch specimens taken from the same test plate;

1) the mean value obtained from all six individual specimens shall be equal to or greater than the specified
minimum value;

2) not more than two of the six individual values shall be less than the specified minimum value;
3) not more than one of the six individual values shall be less than 70 % of the specified minimum value.

: Should any of the retests fail to comply with the requirements then the joints/vessels represented by the test plate
. shall be deemed not in compliance with this Part of this European Standard.
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NOTE Production factors may result in a scatter of mechanical test results which may occasionally fall below the agreed
specification level.

8.4.10 Test report

A test report shall be prepared indicating compliance of the test results and the as found values meeting the
specified requirements.

9 Forming of pressure parts

9.1 General

Manufacturers of formed pressure parts shall maintain records of the forming procedure and the subsequent heat
treatment.

NOTE Formed pressure parts can be cold or hot formed. Formed pressure parts can comprise dished ends, segments,
cylinders and other formed parts. Formed pressure parts may consist of individual parts which are welded together and formed
subsequently.

9.2 Ratio of deformation

9.21 Dished circular products

The following equation (9.2-1) shall be used for the calculation of deformation F for all dished circular products (e.g.
elliptical or torispherical heads, spherical caps) and shall be used for all types of forming processes (see also
Figure 9.2-1):

Db(x)

F=1001n [%] 9.2-1)

— 2€

e
where

e is the thickness of the initial or intermediate product;

Dy is the diameter of the blank or diameter of intermediate product;
D, isthe external diameter of the finished product;

In is the natural logarithm.
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a In case of different forming steps without intermediate heat treatment (see 9.4.2), the deformation is the total
amount of deformation of the individual forming steps. In case of intermediate heat treatment, the deformation is that
deformation achieved after the last previous heat treatment.

Figure 9.2-1 — Forming of dished circular products
9.2.2 Cylinders and cones made by rolling

The following equation (9.2-2) shall be used for the calculation of deformation F for cylinders and cones made by
rolling (see aiso Figure 9.2-2).

F (9.2-2)

mo y
where
e is the thickness of the initial or intermediate product;
R,.. is the mean radius of the intermediate product (in case of a unformed initial product is R,, = 00);

R,, is the mean radius of the finished product (for cones, the mean radius of the smaller diameter shall be
used).
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a) Initial product 3

3 In case of different forming steps without intermediate heat treatment (see 9.4.2), the ratio of deformation is the total
amount of the ratio of deformation of the individual forming steps. In case of intermediate heat treatment, the deformation is
that deformation achieved after the last previous heat treatment.

Figure 9.2-2 — Forming of cylinders and cones
9.2.3

Other product types
The following equation (9.2-3) shall be used for the calculation of deformation (T) of all other types of formed
products (see also Figure 9.2-3):

+F\ +FLR2 [%] (9.2-3)
where

FE=In—,F =In —
lo lo
is the natural logarithm;

/0

is the diameter of a circle marked on the plate prior to forming in the area which shall be deformed with a
maximum deformation. After forming, the circle of diameter 10 is transformed into an ellipse with a large
axis /, and a small axis /2
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a) Marked circle /0on the b) Measured axies /, and 12on the
initial product formed product

Figure 9.2-3 — Forming of products others than cylinders, cones and dished circular products

9.2.4 Tube bends

The following equation (9.2-4) shall be used for the calculation of deformation F of tube bends (see also
Figure 9.2-4):

F=1°0"[% ] (9.2-4)

where

R isthe radius of curvature for tube

£, isthe external diameter of the tube

Figure 9.2-4 — Tube bending

9.2.5 Forming of Segments

The following equation (9.2-5) shall be used for the calculation of deformation F of segments e g. of multi-sectional
torispherical heads or spheres (see also Figure 9.2-5):
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where

e s the thickness of the initial product;

R is the smallest mean radius of the segment (mean radius of spherical segment, mean knuckle radius of
knuckle segment of a torispherical head).

Figure 9.2-5 — Forming of Segments
9.3 Forming procedures

9.3.1 Cold forming

Cold forming of material group 1.1, 1.2, 1.3, 2.1, 3.1, 4, 5, 6 and 9 shall be carried out at temperatures at least
30 °C below the maximum permissible temperature for stress relieving, see Table 10.1-1.

In the case of TMCP steels, the maximum permissible temperature shall be 580 °C.

NOTE Ductile problems may however be encountered at intermediate temperatures in the range 200 °C to 350 °C due to
dynamic strain ageing in this temperature range.

Cold forming of material group 8.1, 8.2 and 10 shall be carried out at temperatures below 300 °C.

For other types of materials the cold forming temperatures shall be taken from appropriate European Standards,
data sheets or other specifications.

9.3.2 Hot forming

9.3.2.1 General
Hot forming of material group 1.1, 1.2, 1.3, 3.1, 4, 5 6 and 9 shall be carried out at temperatures above the

maximum permissible temperature for stress relieving, usually in the temperature range of normalising, in
accordance with the material specifications.
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Hot forming of thermo-mechanically treated steel grades is not permitted.

Hot forming of material group 8.1, 8.2 and 10 shall be carried out at a temperature of 300 °C or above usually in the
temperature range according to Table 9.3-1.

For other types of materials the hot forming temperatures shall be in accordance with appropriate European
Standards, data sheets or other specifications.

The forming procedure shall define the rate of heating, the holding temperature and the holding time given to the
formed part.

NOTE 1 Hot forming is a process which is performed at temperatures above the stress relief temperature and will usually be
carried out in the austenite region.

In view of danger of excessive grain growth, the product shall be austenitised above Ac3, but not higher than
1050 °C.

NOTE 2 After reaching the temperature in the product it should be kept at temperature not longer than 10 min. For the same
reason, the heating rate should be defined.

After the hot forming the product shall be cooled in still air, unless otherwise specified in Table 9.3-1.

As every heat treatment above the normalising temperature leads to a grain growth which adversely affects the
impact values, the hot forming for normalised steels shall be divided into two groups as per 9.3.2.2 and 9.3.2.3.

9.3.2.2 Nommalised steels with specified impact values at temperatures above and including - 20 °C

For normalised steels which are hot formed only in a single operation the maximum temperature of the product
. shall not be above 980 °C.

For hot forming operations in more than a single operation the maximum temperature of the product shall not be
above 1 050 °C. Before the last operation the product shall be cooled down below 500 °C. For the last operation
the maximum temperature of the product shall be below 980 °C for steels with a minimum yield strength
< 360 MPa, or 940 °C for steels with a minimum yield strength > 360 MPa.

A subsequent heat treatment may be waived, if the forming process of the last operation has been completed at a
temperature above 750 °C or above 700 °C where the degree of deformation does not exceed 5 %.

If the conditions of 9.3.2.2, especially regarding the maximum and minimum temperatures in the last operation can
- not be achieved, normalising as specified by the steel manufacturer shall be carried out after the forming process.

NOTE For steels which have to be tempered after normalising, the prescribed tempering treatment may be performed
" when the hot forming has been carried out according to 9.3.2.2.

9.3.2.3 Normalised steels with specified impact values at temperatures below - 20 °C
~ For normalised steels which are hot formed only in a single operation the maximum temperature of the product

- shall not be above 940 °C when the steels with minimum yield strength < 360 MPa, or 925 °C for steels with a
* minimum yield strength > 360 MPa.
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For hot forming operations in more than a single operation the maximum temperature of the product shall not be
above 1 050 °C. Between the different operations the product shall be cooled down below 500 °C. For the last
operation the maximum temperature of the product shall be below 940 °C for steels with a minimum yield strength
<360 MPa, or 925 °C for steels with a minimum yield strength > 360 MPa.

A subsequent heat treatment may be waived, if the forming process of the last operation has been completed at a
temperature above 750 °C, or above 700 °C if the degree of deformation does not exceed 2 %.

If the conditions of 9.3.2.3, especially regarding the maximum and minimum temperatures in the last operation can
not be achieved, normalising as specified by the steel manufacturer shall be carried out after the hot forming
process.

NOTE For steels which have to be tempered after the normalising, the prescribed tempering treatment may be performed
when the hot forming has been carried out according to 9.3.2.3.

9.3.24 Quenched and tempered steels

For quenched and tempered steels, it is absolutely necessary to perform a total new quenching plus tempering
operation after hot forming. For the hot forming process itself, the conditions specified in 9.3.2.1 and 9.3.2.2 shall

apply.
9.3.25 Austenitic and austenitic-ferritic steels

Austenitic and austenitic-ferritic steels, material groups 8.1, 8.2 and 10, shall be hot formed in accordance with
Table 9.3-1.

Table 9.3-1 — Forming conditions of material groups 8.1, 8.2 and 10

Product type Maximum temperature | Minimum temperature |Cooling Conditions b
Low carbon ? still air for e <25 mm
Stabilised 1150 °C 850 °C water for e > 25 mm
Not stabilised still air fore <6 mm
water for e > 6 mm

@ Content of C < 0,03 %.
b Cooling conditions defined in the material specifications shall be govern.

9.3.2.6 Clad steels

The temperature and procedure for hot forming of clad steels shall be based on the material of the backing steel,
however consideration shall be given on the effect of this treatment on the clad material, particularly its corrosion
resistance. Where this treatment will adversely effect the properties of the clad material, consideration shall be
given to either using a different material for cladding or adding the cladding after the forming and heat treatment
(e.g. weld overlay) or the adequacy of an alternative heat treatment shall be demonstrated by tests to comply with
the requirements of the material specification or the design.
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9.4 Heat treatment after forming

9.4.1 General

Heat treatments after cold or hot forming, shall be carried out in accordance with the appropriate standards or data
sheets or other specifications and shall include normalising, normalising plus tempering, quenching plus tempering,
annealing, solution annealing.

NOTE 1 These treatments are recognised as removing the effects of the forming processes.

NOTE2 The parameters given by the base materials manufacturer in the inspection documents should be taken as an
indication or recommendation for heat treatments. Other parameters may be applied if the procedure is defined and the product
or a formed test piece representing the product is tested after forming and heat treatment to comply with the requirements of the

material specifications or the design.

NOTE 3 In the case of cold—formed TMCP steels, the parameters defined should be suitable for a post—forming heat
treatment.

9.4.2 Heat treatment of flat products after cold forming

Postforming heat treatments of flat products after cold forming of flat products shall be carried out in accordance
with 9.4.1 and Table 9.4-1.

Table 9.4-1 gives the rules for the necessary heat treatment as a function of the deformation under the assumption
that the plates fulfil the requirements of EN 13445-2,2009, Annex B.
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Table 9.4-1 — Heat treatment of flat product after cold forming

Material groups Ratio of deformation F Heat treatment
11°12313
2.12. F<5% no
3.1
4
5
g F>5% yes
10
8.1,8.2 d d

a8 Thermo mechanically treated steel shall not be heat treated after forming, consequently the deformation (F) shall be
limited to < 5 %.

b For material group 2.1 tests shall be performed when the deformation is between 2 % and 5 % to verify the adequacy of
the formed material with the design.

c»])

Torispherical dished ends (flange radius > 0,1 D, and crown radius <D,) do not require heat treatment if the
following conditions are fulfilled:

— material group is 1.1;

— thickness ¢ < 8 mm;

—  h1 <40 mm (see Figure 5.4-2),

— the design temperature is between - 10 °C and + 120 °C.

Jackets on vessels used only for heating or cooling of pressure vessels, see EN 13445-3:2009, do not require heat
treatment if the following conditions are fulfilled:

— material group is 1.1, and steel shall be fully killed,;

— the material test certificate shows elongation after fracture As > 31 %j;

— thickness ¢ <8 mm;

— used for cylinders and cones when the maximum deformation F is such that mean radius R,, = 3¢ nominal
thickness:

— the design temperature is between - 10 °C and + 150 °C;

— fluid shall be water and/or steam.

4 Austenitic steel in a heat treatment condition solution annealed and quenched or stabilised do not require heat treatment
after cold forming in any of the following cases 1), 2), 3), and 4), provided the risk for stress corrosion related is neglect-

able:
1)

2)

4)

NOTE

Austenitic steel with required minimum values for elongation after fracture As >30 % or if the material test
certificate shows an elongation after fracture As > 30 % the deformation shall be F<15%. Or if evidence is
supplied that there is a minimum elongation after fracture As > 15 % after cold forming.

For deformation F > 15 %, proof can be fumished in individual cases that there is a minimum elongation after
fracture As > 15 % after cold forming.

For dished ends, the material test certificate for the base material shows the following values for elongation at
elongation after fracture As:

— As 240 % in the case of wall thickness ¢ < 15 mm at design temperatures down to - 196 °C;
— As 245 % in the case of wall thickness ¢ > 15 mm at design temperatures down to - 196 °C;
— As 250 % if design temperature is below - 196 °C.

Deformation does not exceed 10 % in case of pressure vessel parts (excluding ends) if the design temperature is
below —196 °C.

For material groups 1.3, 2 and 3 a drop of ductility/shift of transition temperature of 5 °C per % deformation may

occur and should be considered.
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9.4.3 Heat treatment of tubular products after cold forming

Postforming heat treatments of tubular products after cold forming of tubuiar products shall be carried out in
accordance with 9.4.1 and Table 9.4-2.

The Table 9.4-2 gives the rules for heat treatment necessity as a function of the deformation under the assumption
that the tubes fulfil the requirements of EN 13445-2:2009, Annex B.

Table 9.4-2 — Heat treatment of tubular products after cold forming

Material groups Radius of curvature External diameter Heat treatment
for the tube of the tube
R D,
1.1,1.2,13 <1,3D, all diameters yes
31
4 <142 mm no
5 >1,3D,
° 142
> mm a
8.1,8.2 yes
° .
>25D, all diameters no
10
8 For material groups 8.1 and 8.2 at design temperature above - 196° C heat treatment is not required.

9.44 Heat treatment of clad steels after cold forming

Postforming heat treatments of clad steels after cold forming shall be carried out in accordance with 9.4.1 and
Table 9.4-1. For calculation of the ratio of deformation the total thickness of the clad material shall be considered.
The influence of this heat treatment to the cladding shall be considered, particularly regarding the corrosion

resistance.
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Table 9.4-3 — Heat treatments after hot forming

Material groups Hot forming conditions Heat treatment

1.1,1.2,1.3,9.1 see 9.3.2 no

3.1 guenching and tempering

4 or

5 normalising and tempering

6 all or

71 double normalising

9.2,9.3 and tempering?
according to Table 9.3-1 no

81,82 other conditions than those stated | solution annealing and quenching
in Table 9.3-1

10 all solution annealing and quenching

a8 Other heat treatments are available if their validity has been demonstrated by tests to comply with the requirements
of the material specifications or the design.

9.4.6 Heat treatment of clad steels after hot forming
The conditions for heat treatment of clad steels after hot forming shall be carried out in accordance with Table 9.4-3

based on the material backing steel. The influence of this heat treatment on the cladding shall be considered,
particularly regarding the corrosion resistance.

9.5 Sampling of formed test coupons

9.5.1 Cold formed products without heat treatment

If heat treatment is not required by Tables 9.4-1 and 9.4-2 after cold forming of plates or tubes, then no mechanical
tests are required in respect of forming.

9.5.2 Hot formed or cold formed products with heat treatment

Compliance with the material specifications shall be verified by means of test coupons taken from excess of length
of the formed product. Where this is not possible separate test coupons shall be taken from the original material,
formed and heat treated if appropriate in the same way as the formed product and tested.

Where the formed products consist of individual parts of different casts, one test coupon per cast and of the welded
joint shall be taken.

Formed products shall be individually tested until the manufacturer has successfully passed 30 test coupons of

formed products within the appropriate material group. Thereafter the tests are performed per batch. A batch is
defined by products of the same cast and the same final heat treatment.
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The batch testing shall be performed as follows:

a) Material groups 1.1, 1.2, 8.1.
Where delivered formed products are in same heat treatment condition as the original material then
compliance with material specification shall be covered by the original material test certificate. Where this is
not the case one test coupon from each batch shall either be taken from the material to be formed or from the
heat treated formed product. It shall be subjected to heat treatment together with the formed products or
subjected to a simulated heat treatment separately.

Material groups 1.1 and 1.2 subject to specific impact energy values at temperatures below - 20 °C shall be
sampled according to b) below, this shall be for impact test only.

b) Material groups 1.3, 3.1, 4, 5,6, 8.2, 9 and 10.
Compliance with material specifications shall be verified by means of one of the following:
— test coupons taken from excess length of formed part;
— alternatively separately formed test coupons heat treated together with the formed parts;
— if this is not possible separately formed test coupons simulated heat treated.
The following number of test coupons shall be taken:
— one test coupon from a batch of up to 10 parts;
— two test coupons from a batch of up to 25 parts;
— three test coupons from a batch up to 100 parts;

— one test coupon for every further 100 parts.
9.6 Tests

9.6.1 Base material

One tensile test and three impact test specimens shall be taken from each test coupon required in 9.5.2. The test
specimens shall be taken transverse to the rolling direction with a deviation not greater than 20°.

NOTE For structural mild steels of material group 1.1 and 1.2 the impact test specimens may be taken longitudinal to the
rolling direction.

In the case of pressure parts made of quenched and tempered steels with batch testing, 10 % of the formed parts,
but not less than 3 formed parts, in addition shall be subjected to hardness testing by the manufacturer.

9.6.2 Buttwelds
Where formed products are welded together from several individual parts before forming, one longitudinal tensile

test and three impact test specimens shall be taken from the weld metal. For 8.2 and 10 material, one micro
examination shall be carried out in addition.
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9.6.3 Acceptance criteria for formed test coupons
For base material the test specimens required in 9.6.1 shall meet the requirements of base materials.
For butt welds the test specimens required in 9.6.2 shall meet the requirements of 8.4.

The hardness values shall have a variation of not more than 50 HV 10 within one formed part.

9.6.4 Retests of formed coupons
9.6.4.1 If the test results fail to comply with the requirements, the following shall apply:

a) where the unsatisfactory test result is due to poor testing technique or to a locally limited defect of a single
specimen, the test result may be neglected and the individual test shall be repeated;

b) where the unsatisfactory test result is due to inadequate heat treatment, all parts of the batch and relevant test
coupons shall be heat treated again and the full extent of testing shall be repeated.

QacAD \Aha
VU T Vviiviv

with the requirements, the following retests shall be made:

ro tha ra
1Y 10

a) tensile test: the test shall be repeated on two tensile test specimens taken from the same test plate; both
results shall meet the requirements;

b) bend test: the test shall be repeated on two bend test specimens taken from the same test plate; both results
shall meet the requirements;

¢) impact test: the test shall be repeated on three Charpy-V-notch specimens taken from the same test plate;

1) the mean value obtained from all six individual specimens shall be equal to or greater than the specified
minimum value;

2) not more than two of the six individual values shall be less than the specified minimum value;
3) not more than one of the six individual values shall be less than 70 % of the specified minimum value.

In case of batch testing where the test results failed to comply with the specification. The testing shall be repeated
on two other formed parts of the same batch where the test results shall comply with the specification.

Should any of the retests fail to comply with the requirements then the joints/parts represented by the test plate
shall be deemed not in compliance with this Part of this standard.

9.7 Visual inspection and control of dimension
Formed pressure parts shall be subject to visual examination and dimensional check in the delivery condition by

the producer of the formed product. The results of the visual inspection and the dimensional check shall be
documented.
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9.8 Marking

Formed products which form part of a pressure vessel shall be marked according to the relevant material
specification. In this case the mark of the base material manufacturer may be waived. Traceability to the base
material shall be ensured. In addition, the mark of the producer of the formed product shall be added. In the case of
batch testing the relationship to the batch shall be evident. Identification shall be maintained between the test
coupon and the formed product from which they were taken.

For small formed products (less than 220 mm nominal size) marking according to 4.2.2.2 b) is permissible.

9.9 Documentation

Formed products which form part of a pressure vessel require the following documentation:
a) a sub-contractor form (when forming is not carried out by pressure vessel manufacturer);
b) the original material certification;

¢) type and record of heat treatment, if applicable;

d) formed product test coupon results, if applicable;

e) description of the formed part with main nominal dimensions and extent of deformation in the case of cold
forming without heat treatment;

f)  markings.

10 Post weld heat treatment (PWHT)

10.1 General

PWHT shall be performed in accordance with a written procedure which describe the parameters critical for the
heat treatment process.

Equipment used for the heat treatment shall be suitable for the heat treatment in question. It shall permit the
temperature control in the pressure part with adequate accuracy and uniformity especially for materials having a
small permissible temperature range for that heat treatment.

The heat treatment of pressure vessels or pressure parts shall be recorded and certified by the manufacturer
indicating the holding temperature, the heating- and cooling-rate and the holding time.

NOTE 1 CR ISO 17663 [7] gives useful information concerning quality control of post weld heat treatment.

NOTE2  Heat treatment as per Table 10.1-1 particularity in the upper range of holding temperature and/or holding time may
unduly impair the physical properties (e.g. yield, tensile strength and toughness of the material) the additional effect of multiple
heating cycles should be considered. This effect is explained and published as Hollomon-Jaffe Parameter P as given in
equation (10.1-1):

P=7,(20+1g/)10° (10.1-1)

where
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T, is the holding temperature, in Kelvin;

{ is the holding time, in hours.

Ig = log1o
Without prior agreement between the manufacturer of the pressure vessel/part and the material manufacturer the
actual tempering temperature of NT or QT material shall not be lower than the admissible temperature as per

Table 10.1-1. A higher PWHT temperature than tempering temperature would impair the mechanical properties of
the material.

10.2 Heat treatment conditions

10.2.1 Post weld heat treatment, with the exception of those materials covered in 10.6 and 10.7, shall be applied
to steels in accordance with Table 10.1-1 on completion of welding.

NOTE PWHT may be carried out on steels of thickness lower than specified by Table 10.1-1. Such instances will include
vessels intended for service with media liable to cause stress corrosion cracking or prevention of brittle fracture in accordance
with EN 13445-2:2009, Annex B.

Where the cladding of the clad plate is decisive for the type and procedure of the PWHT then such data shall be
documented and taken into consideration when assessing the base material properties.

a) the thinner of the two parts butt welded together;
b) the thickness of the shell in connection to flanges, tube plates or similar connections;
¢) the weld throat thickness of the shell or end plate to nozzle weld in nozzle attachment welds;

d) the base material thickness in material integrally clad with an austenitic or nickel base corrosion resistant
material (clad plate);

e) the base material thickness divided by 4 in material weld overlay clad with an austenitic or nickel based
corrosion resistant material.

10.2.3 VWhen additional welds or welds repairs have been made to a vessel after post weld heat treatment, a

further heat treatment shall be carried out in accordance with 10.3. The thickness to be used in defining the time
required at temperature shall be the thickness of the weld applied after the PWHT.
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Table 10.1-1 — Post weld heat treatment

Steel Heat Post weld heat treatment
Material t’ezt_rt'_‘e“ta Nominal | Holding | Holding
. condition thickness time temperature
group Grade or type According to of base e b P
material mm min o
EN 10028-2:2003
EN 10216-1:2002,
EN 10216-2:2002,
EN 10216-4:2002
11| Unalloyed steels | EN 10217-1:2002, <35 %0
EN 10217-2:2002, N
EN 10217-4:2002 to or 550 to 600
EN 10217-6.2002 NT
12 EN 10222-2:1999
' EN 10028-3:2003 >35<90 e,—5
normalised EN 10216-3:2002
1.3 fine grain steels EN 10217-3:2002
EN 10222-4:1998 9 | 40+05e,
EN 10028-2:2003 < 35¢ 30
EN 10216-2:2002 N or >35<90 e,—5
1.2 16Mo3 EN 10217-2:2002, NT or 550 to 620
EN 10217-5:2002 QT > 90 40+0,5¢,
EN 10222-2:1999
EN 10028-2:2003 N <15 30
5.1 13CrMo4-59 EN 10216-2:2002 or >15<60 2e, 630 to 680
EN 10222-2:1999 QT > 60 60 +e,
EN 10028-2:2003 NT
10¢
52 | 199mos1o EN 10216-2:2002 or As specified for steel | 670 to 720
EN 10222-2:1999 QT 13CrMo4-5
5.3 X16CrMo5-1 EN 10222-2:1999 NT or A 700 to 750
NT <12 30
54 X11CrMo9-1 EN 10216-2:2002 or >12 <60 25e, 7401to 780
A > 60 90 + ¢,
. EN 10216-2:2002 NT or As specified for steel
6.4 X20CrMoNiv11-1 EN 10222-2-1999 QT 11CrMO9-1 730to 770
. . EN 10028-4:2003 N or <35¢ 30
o g(’;ﬁ:{)f;‘(‘él'\]'igtee's EN 10216-4:2002 NTor | >35<90 | ¢,-5 | 5300580
' EN 10222-3:1998 QT > 90 40+ 0,5¢,
EN 10026-4:2003 S0 | L I view of possibie. carbon
9.3 X8Ni9 EN 10216-4 :2002 matenial | yetision post weld pheat treatment
EN 10222-3:1998 standard P

should be avoided.

2 Heat treatment conditions of base material:

A =annealed; N = normalised; NT = normalised and tempered; QT = quenched and tempered

b Nominal thickness e, is that required by 10.2.2

¢ For thickness < 35 mm post weld heat treatment is only necessary in special cases (e.g. to reduce the danger of stress
corrosion cracking or hydrogen cracking (sour gas)).

9 No post weld heat treatment is required if all the following conditions are fulfilled:

— tubes with nominal diameter < 120 mm and nominal wall thickness < 13 mm
¢ No post weld heat treatment required if all the following conditions are fulfilled:

— tubes with nominal diameter < 120 mm and nominal wall thickness < 13 mm and design temperature > 480 °C

NOTE1
NOTE 2

Heat treatment conditions of materials groups 2.1 and 3.1 will be covered later.
For mechanical properties after heat treatment see 10.5
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10.3 Method of PWHT
10.3.1 Wherever possible, the vessel shall be heat treated by heating in a single operation in an enclosed furnace.

NOTE Where it is impracticable to heat treat the whole vessel in a furnace it is permissible to adopt the methods described
in 10.3.2 to 10.3.6, but it should be noted that they may not ensure the same degree of immunity from susceptibility to stress
corrosion cracking.

10.3.2 It is permissible to heat treat the completed vessel in sections in an enclosed furnace, in which case the
overlap of the vessel being heated shall be at least 1 500 mm or 5 1/Ren , whichever is the greater. The additional
temperature cycle in the overlapping area shall thereby be taken into account for determination of the mechanical
properties.

NOTE R = internal radius, e, = nominal thickness required by 10.2.2.

VWhere this method is used the portion outside the furnace shall be shielded by thermal insulation so that the
longitudinal temperature gradient of the part to be heated is such that between a measuring point "0" on the

component directly outside the furnace with temperature 7T, and a measuring point at a distance of 2,5 JRen
outside the furnace there is a temperature difference of AT <0,5 To.

The influence of attachments e.g. nozzles, partition walls etc. on the temperature gradient and temperature balance
shall be considered.

10.3.3 It is permissible to heat treat circumferential welds in shells locally by heating a shielded band around the
entire circumference, in which case the width of the heated band shall be not less than 5 VRen with the weld in
the centre.

Where the circumferential welds to be post weld heat treated is between a shell course and a dished or
hemispherical head, the whole dished end shall be included in the heated band. The width of the heated band on

the shell course side shall be 2,5 \/Ke, .

Sufficient thermal insulation shall be fitted to ensure that the temperature of the weld and its heat affected zone is
not less than that specified and that the temperature at the edge of the heated band is not less than half the peak
temperature. In addition, the adjacent portion of the vessel outside the heated zone shall be thermally insulated
such that the temperature gradient is not harmful. The influence of attachments e.g. nozzles, partition walls etc. on
the temperature gradient and temperature balance shall be considered.

NOTE For thermal insulation a minimum insulated band width of 10 ./ Ke, with the weld in the centre is recommended.

10.3.4 It is permissible to heat treat branches nozzles or other welded attachments or local repairs in shells locally
by heating a shielded band in accordance with 10.3.3, the width of the heated band shall cover a minimum distance

of 2,5 \/Re, in each direction from the edge of the welds to be heat treated.

10.3.5 It is permissible to heat treat the vessel internally, for which purpose it shall be fully encased with thermal
insulating material. During heat treatment care shall be taken that no internal pressure is building up which can
impair the stress reduction.

10.3.6 Vessels of different thickness, which are subject to post weld heat treatment in the same furnace, shall be
treated in accordance with the heat treatment requirements of the greater thickness of the vessels in the furnace.
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When this results in a time at temperature greater than 3 h the requirements of 10.5 shall be satisfied for all the
vessels in the furnace.

10.4 PWHT procedure
10.4.1 The PWHT temperatures and times shall be in accordance with Table 10.1-1.

Materials other than those listed in Table 10.1-1 shall be heat treated according to the specification of the material
manufacturer.

10.4.2 During the heating and cooling periods, for temperatures up to 500 °C variation in temperature throughout
the vessel or component shall not exceed 150 °C within 4 500 mm and the temperature gradient shall be gradual.
Above 500 °C, this variation shall not exceed 100 °C.

During the heating and holding periods, the furnace atmosphere shall be controlled so as to avoid excessive
oxidation of the surface of the vessel or component. There shall be no direct impingement of flame on the vessel or
component.

When the vessel or component has attained a uniform holding temperature (see Table 10.1-1) this temperature
shall be held for the period specified in Table 10.1-1.

10.4.3 In the case of furnace PWHT, the temperature of the furnace at the time when the vessel or component is
placed in or taken out of the furnace shall not exceed:

— 400 °C for vessels or components of not complicated shape or ¢, < 60 mm thickness;

— 300 °C for vessels or components of complicated shape or e, > 60 mm thickness.

The rate for heating or cooling of the vessel or component shall not exceed the following:
— for thickness e, < 25 mm: 220 °C/h;

— for thickness ¢, > 25 mm and < 100 mm: (5 500/e,) °C/h;

— for thickness ¢, > 100 : 55 °C/h;

where: ¢, is the nominal thickness in mm, required by 10.2.2.

© 10.4.4 The temperature specified shall be the actual temperature of any part of the vessel or zone being heat
- treated and shall be determined by thermocouples in effective contact with the vessel.

© 10.4.5 A sufficient number of temperatures shall be recorded continuously and automatically. Several
" thermocouples shall be applied to ensure that the whole vessel or zone being heat treated is within the range
specified and that undesirable thermal gradients do not occur.

The number and location of thermocouples shall be sufficient to demonstrate that the requirements of 10.3 and
- 10.4 have been satisfied.

10.5 Mechanical properties after heat treatment

10.5.1 The PWHT shall be considered with respect to its effect on the mechanical properties of the base material,
- plate, forgings, pipe etc. and any welds, including heat affected zones.
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NOTE For materials in groups 1.1 and 1.2 (except 16Mo3) it is considered that the beneficial effect of the PWHT is such
that its effect on strength of the base materials needs not be considered for times below 3 h at temperature.

10.5.2 Where the time at temperature exceeds 3 h for material in groups 1.1 and 1.2 (except 16Mo3), the effect of
this time at temperature shall be allowed for by demonstrating that either:

a) in case the actual yield and tensile strength as per the relevant material test certification is > 15 % above the
specified minimum value prior to the PWHT and the transition temperature of the A,-/T-curve or the minimum
impact test is shown to be at test temperature 30 °C below the specified test temperature, then verification
shall be considered as acceptable;
or

b) the material properties after welding and heat treatment verified as described below meet the minimum
specification requirements. This can be done either:

— on test materials heat treated with the vessels; or
— on test coupons subjected to a simulated PWHT by the material supplier; or
— on test coupons subjected to a simulated PWHT by the vessel manufacturer.

10.5.3 For all other materials except those covered in 10.5.2 the PWHT temperature shall be at least 30 °C below
the maximum tempering temperature and the time at the PWHT temperature shall not exceed 3 h.

When the maximum PWHT temperature is not at least 30 °C below the tempering temperature or the time at
PWHT exceeds 3 h (including when Table 10.1-1 requires a longer time), then the effect of the PWHT on the
properties of such material shall be demonstrated by one of the following:

— on test materials heat treated with the vessels; or

— on test coupons subjected to a simulated PWHT by the material supplier; or

— on test coupons subjected to a simulated PWHT by the vessel manufacturer.

NOTE When simulating the effect of longer times at temperature, it is permissible to cover multiple heat treatment of the
agreed time. Alternatively, slightly different temperature (+ 40 °C) and times by reference to the Hollmon-Jaffe timeftemperature
parameter may be used.

10.6 Dissimilar ferritic joints

10.6.1 Where a vessel is manufactured from dissimilar ferritic steels special consideration with respect to the
influence on the mechanical properties shall be given to the post weld heat treatment.
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10.6.2 If the maximum temperature in Table 10.1-1 required of one material in the dissimilar combination is equal
to or greater than the minimum of the second, e.g. 16Mo3 to 13CrMo4-5, then PWHT for the material with the
highest temperature in Table 10.1-1 shall be carried out, but as close to the minimum temperature as practical. In
this respect the time shall be measured when the lowest reading thermocouple reaches a temperature 10 °C below
the minimum specified in Table 10.1-1 (without the need for requalification of the welding procedure). Consideration
shall be given to the effect of this higher temperature and possibly longer time on the mechanical properties of the
second material in accordance with the requirements of 10.5.2 and 10.5.3.

10.6.3 When the maximum temperature allowed in Table 10.1-1 of one material in the dissimilar combination is
lower than the minimum temperature allowed for the second, e.g. 13CrMo4-5 to X11CrMo9-1 then one of the
following routes shall be followed:

a) PWHT the combination in accordance with the requirements for the material requiring the highest temperature
according to Table 10.1-1 and carry out a simulated treatment on the other material to determine suitable
mechanical properties for design. This shall include the effect of PWHT on impact values and microstructure in
addition to strength;

b) redesign the combination to include a transition material that overlaps the temperature range.

EXAMPLE First weld X11CrMo9-1 to 10CrM09-10 and PWHT at (730 to 750) °C, then later weld 10CrMo8-10 to
13CrMo4-5 and PWHT at (670 to 690) °C.

c) Weld overlay the joint preparations with stainless steel or high nickel weld metal;

PWHT each component separately after welding at the appropriate time and temperature for each material in the
combination.

Weld the component/material combination of the weld overlaid joints using stainless/high nickel weld and do not
carry out further PWHT.

10.6.4 Where a weld is between a structural part and a pressure part the PWHT should be as for the pressure
part.

10.7 Special materials

For PWHT of vessels fabricated from metals in the material groups 5.1, 5.2, 5.3, 5.4, 6 and 9.3 using matching filler
metal, but when the grade of material is not specifically listed in Table 10.1-1 then any temperature above 600 °C
may be selected as long as it is fully documented and the mechanical properties after heat treatment shall be
demonstrated by one of the alternatives in 10.5.3.

When a material has special properties that have been used in the design of the vessel and these properties can

only be developed by a specific heat treatment, this shall be documented and applied to the vessel. The
mechanical properties after heat treatment shall be demonstrated by one of the alternatives specified in 10.5.3.

11 Repairs

This clause covers the requirements in respect of surface and weld repairs.
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11.1 Repairs of surface defects in the parent metal

If surface defects which are not very deep are involved, such as accidental arc strikes, tool marks, or oxyacetylene
cutting marks, the defects shall be removed by grinding, and the ground area shall have a smooth transition with
the adjoining surfaces. The grinding shall be followed by visual inspection for surface defects. Ground accidental
arc strikes on parental materials other than from material groups 1.1 and 8.1 shall be tested by MT or PT as per
EN 13445-5:2009.

The depth of the repair shall be checked to ensure that tolerance limits of the remaining material are fulfilled.

In case of build-up welds or if grinding reduces the thickness of the wall below the permissible value and repair by
welding is necessary, the manufacturer shall carry out this repair in accordance with a qualified procedure and by
qualified welders and operators. The affected area shall be inspected as per EN 13445-5:2009, Table 6.6.2-1,
Figure 24.

NOTE General cosmetic grinding or dressing (i.e. removal of excess weld metal) are not considered to be repairs.

11.2 Repair of weld defects

All unacceptable imperfections shall be removed, either by mechanical means (such as grinding or machining) or
by thermal means (such as arc air gouging or thermal gouging) or by a combination of thermal and mechanical
means. It is the responsibility of the manufacturer to decide how unacceptable imperfections shall be removed. This
may be by local means or by removal of the weld from the joint followed by rewelding.

When thermal gouging/arc air gouging is used on austenitic steels, care shall be taken to remove any
contamination of the remaining weld or material. Similarly when gouging with carbon electrodes is used on ferritic
steels, the affected surface shall be removed by mechanical means to a minimum depth of 0,3 mm.

When unacceptable imperfections are removed and are not followed by welding, all the remaining thickness shall
be greater than the minimum thickness necessary to satisfy the design unless the local area satisfies the conditions
of 5.4.5. The area shall have a taper with the adjoining surfaces, and blend smoothly.

Repairs by welding shall be carried out in accordance with a WPS which has been qualified in accordance with 7.3.

NOTE This may be the same WPS as the one used for making the joint originally or a specific qualified repair procedure.

Repairs shall be carried out by qualified welders or operators in accordance with 7.4. Weld repaired areas shall be
non destructively examined in accordance with EN 13445-5:2009.

When repair welding is carried out after post weld heat treatment or hydraulic test these operations shall be

repeated. Any further post weld heat treatment carried out in accordance with 10.2.2, shall be considered in terms
of its effect on material and weld properties.

12 Finishing operations

Finishing operations shall be carried out after the vessel has been pressure tested and before shipment/transport.

45



CTb EN 13445-4-2009

NOTE1  Their aim is to protect the vessel from impacts and pollution during transportation, installation and its connection to
its equipment.

If any thermal or mechanical operations are strictly necessary following the pressure and leak tests, then the
treatment, the pressure and leak tests and the surface treatment shall be carried out again.

NOTE2  However, this provision does not apply to components which do not contribute to the mechanical strength of the
vessel.

The following finishing operations shall be carried out:

a) complete examination of inner and outer surface;

b) cleaning of inner surfaces and complete drying of the vessel;

¢) protection of all flanges and nozzles against impacts and oxidation;

d) protection of inner surface against corrosion from the atmosphere and against any introduction of foreign
matters.

NOTE 3  Further finishing operations (e.g. sand blasting, painting, picking, passivating) are generally agreed by the
contracting parties.
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Annex A
(informative)

Structural tolerances

Structural tolerances others than specified in 5.4 and 5.5 should not exceed the values in Tables A.1 to A.4. These
values are considered as reasonable values that the manufacturer may apply to his manufactured items.

Item
no

11

12

13

1.4

15

1.6

17

18
19

Table A.1 — Tolerances on nozzles

Type of deviations and elements considered

Levelness of flat joint span expressed as a function of joint thickness

Deviation between the surface of a flange and the tangential line (LT) of an end
or the reference line (LR)

Deviation between axis of a nozzle Connection nozzle < 100 mm

and the reference line (LR) Other nozzles and manholes

Deviation between the axis of a hozzle with an axis parallel to that of the vessel

Deviation in relation to the theoretical Connection nozzle
orientation measured by the circumferential

o_IeV|at|on between the reference generating Manhole

lines and the nozzle

Deviation between flange facing and vessel ~ Connection nozzle

wall Manhole

Connection nozzle

Slope of the flange facing in relation to
Manhole
theoretical plane
For measurement apparatus

Deviation between nozzle axes for measurement apparatus

Difference in level between the two flange facing for measuring device

Limit
deviations
0,2e

+5mm

+5 mm
+10 mm
+5mm

+5mm

+ 10 mm

+5mm
+ 10 mm
+0,5°
+V
+0,25°
+1,5 mm

+1mm

a7
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Iltem
no

21

22

23

24

25

Table A.2— Tolerances after erection of a vertical vessel

Type of deviations and elements considered

Difference in length over distance L of L <30 000 mm
extreme tangential lines (LT) L >30 000 mm

Local defect
Wall straightness deviation measured on

generating line

Deviation between main axis of vessel and the vertical L (2.1) of
vessel

Concentricity deviation of two sections with different diameters,
expressed as a function of the greater diameter D

Deviation over total height or overall length of the vessel

Limit deviations

+ 15 mm

+20 mm

+6 mm

+ min. (0,001 L\ 30 mm)

+ min. (0,003 D; 20 mm)

cumulated tolerances
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Table A.3 — Tolerances on saddles and supports

ltem Type of deviations and elements considered Limit
no deviations
31 Flatness deviation of the bearing surface of ~ Transversal direction £2 mm

' a support Longitudinal direction 4 mm
3.2 Deviation between bearing sole plate and lower generation line of vessel +3 mm
3.3 Deviation between axes of extreme supports +5mm
34 Deviation between axes of bolt holes +3mm
35 Deviation between diagonals of end saddles + 6 mm
3.6 Deviation between levels of end bearing sole plates Q+ 5 mm
3.7 Deviation between saddle axis and vessel tangential or reference line (LR) 4C
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Item
no

4.1

4.2

4.3

4.4

4.5
4.6

Table A.4 — Tolerances on saddles and supports

Type of deviations and elements considered
Difference in the distance between the lower surface of supports or
the base ring and the reference line (LR)

Perpendicularity defect of supports or base ring in relation to vessel
axis or skirt

Flatness defect

D <3 000 mm
Orientation deviation of axis of hole

A 3000 mm <D <6000 mm
supports or skin reference

D >6 000 mm
Deviation between two bolt holes

Anchoring diameter deviation, expressed as a function of theoretical
diameter D

Limit deviations

+6 mm

+6 mm

+4 mm
+4 mm
+8 mm
+ 12 mm
+3mm

+ min. (0,002 D, 10)
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Sub-contractor:
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Annex B
(informative)

Example of a sub-contractors form

Declaration
for sub-contracted works for pressure vessel parts or components

Name and address of sub-contractor

Manufactured fOr: oo

Drawing details:

In accordance with EN 13445-.... ...

Design:

Part No, Edition

Principal design conditions ofthe pressure vessel

Design
pressure
bar

Design Testing Hazard Corrosion joint
temperature group category allowance coefficient
°C

SUB-CONTRACTED WORKS

Description of sub-contracted pressure part or component:

General product name for part or component and quantity

Sub-contracted works:

O Design:
O Forming:

O Welding:

O Heat treatment:

Conformity
assessment
module

T | P

O Prooftest:

Name of responsible authority, if appropriate:

The undersigned declares that the subcontracted works has been carried out according to the contract and the
requirements above mentioned

Date, Location

......................................................... Sub-contractor

Position/Signature
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Annex Y
(informative)

Differences between EN 13445-4:2002 and EN 13445-4:2009

The 2009 edition of EN 13445-4 contains the 2002 edition of the standard and all Amendments and corrections
issued in the meantime.

The most important changes include:
— Additional requirements for DBA.
— Adjustments for creep.

— Reduction of the amount of production test plates.
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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 this | Essential Requirements (ERs) | Qualifying remarks/Notes
EN of Pressure Equipment
Directive 97/23/EC

3,5 31 Appropriate  techniques  and
procedure

9.2,9.3 3.1.1 Manufacturing procedures,
forming

7.6 3141 Preparation of component parts

7.3,8 312,72 Properties of permanent joints

7.4 31.2 Qualified personnel to carry out
permanent joints

7.3,77,7879, 11 3.1.2 Operating procedure to carry out
permanent joints

9.4,10 314 Heat treatment

4.2 3.1.5 Traceability

12 3.21 Final inspection

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 A.A
(cnpaBoyHoe)

MepeBon eBponeiickoro craHaapta EN 13445-4:2009 Ha pycckuii A3bIK

1 O6nacTb NnpUuMeHeHUnA

B HacTosiLeM fokyMeHTe onpeaeneHbl TpeGoBaHUs No M3roTOBNEHUI0 COCYAOB, paGoTalolux noa Aas-
nexuemMm, 6e3 orHeBoro NoABoAa TENNOTH U UX YacTel, NPoU3BeAeHHbLIX U3 CTaneu, a TaKkKe No UX coeauHe-
HUIO ¢ YacTaMu, pabotalowmmu 6e3 aaeneHus. B Hem onpegeneHsbl Tpe6oBaHKUA K NpOCNeXMBaeMoOCTU Ma-
Tepuanos, AONYCTUMbIM OTKIIOHEHWUSIM NPU U3FOTOBINEHWN, CBapke, NMPOU3BOACTBEHHBIM UCTbITAHUAM, ¢hop-
MOBKe, TepMudeckoit 06paboTke, peMOHTY U OTAENOYHLIM NpoLielypaMm.

2 HopMmaTUBHbIE CChINKU

HacToswuit eBponeiickuil cTaHAapT BKIoYaeT B cebA nonoxeHus Apyrux nyGnukauuin B BUAe AaTmpo-
BaHHbLIX UNW HeAAaTUPOBAHHbLIX CCbINOK. 3TU HOPMATUBHLIE CCbINKU PacnonaraloTCA B COOTBETCTBYIOLLMX
MecTax TeKCTa, a nepeyeHb NyGnvkaLuin NpMBoaUTCA Hke. [iNA AaTUPOBaHHBIX CChINOK Nocneaylowme no-
npaBkn UnNu pegakuum niobbix Takux nyGnukaumii NPUMEeHUMBbI K AaHHOMY €BPONeckoMy CTaHAApTY, TOMNbKO
€CNnV OHWU BKIIOYEHbl B HErO C MOMpaBKoiA MNW pepakuuei. [na HeAaTUPOBAHHBLIX CCHINOK MPUMEHUMO Mo-
cneaHee uwagaHve nybnukauum, Ha KOTopylo IaeTcA Cebifika (C y4eToM Nonpasok).

EN 287-1:2004, EN 287-1:2004/A2:2006 KsanudukaumoHHble UCnbiTaHWA cBaplimMkoB. CBapka nnas-
neHuem. Yacts 1. Cranm

EN 875:1995 KoHTponb paspylualolmii CBapHbIX LWBOB METanMYeckux marepuanos. YaapHboie ucnb-
TaHus. PacnonoxeHue ucnbitarernbHbix 06pa3LoB, opueHTauma Haapesa U KOHTPOnb

EN 876:1995 KoHTponb paspyLualoluii cBapHbIX LWBOB MeTannu4yeckux matepuanos. UcnbitaHue Ha
pacTsbkeHUe NpoAorbHbIX O6PasLIOB B HAMMABOYHbIX CBAPHBLIX COEANHEHUSAX

EN 895:1995 KoHTponb paspyLuaiouii CBapHbIX LIBOB MeTannuyeckux marepuanos. NMonepeuyHoe
UCNbITaHWe Ha pacTsikeHue

EN 910:1996 KoHTponb paspyLualoluii cBapHbIX LWBOB MeTarnmyeckux martepuarnoB. McnbiTaHus Ha
naru6

EN 1043-1:1995 KoHTponb pa3spyLualoLlmii cBapHbIX LLBOB MeTarmM4eckux matepuanos. OnpepenexHue
TBepaocTu. Yactb 1. OnpepeneHue TBepAOCTM COEAUHEHU, BbIMOSTHEHHbIX AYTOBOW 31€KTPOCBapKon

EN 1321:1996 KoHTponb paspylialoliuii cBapHbIX LUBOB MeTannmMyeckux Matepuanos. Mukpockonuie-
CKuUe U MakpOCKONUYECKMe UCMLITAaHUA CBAPHbLIX LLBOB

EN 1418:1997 MepcoHan ans cBapouHbIx paboT. Keanudukaums onepaTtopos yCTaHOBOK CBapku nnae-
NeHWeM 1 Hanag4vMKoB YCTaHOBOK KOHTAKTHOIN CBapKu

EN 10028-2:2003 WNapgenus nnockve W3 cranei, npegHasHadeHHble ANsi cocyaos, paboTaiowmx nog
hasrneHveM. YacTb 2. HenervposaHHbi€ 1 NTerMmpoBaHHbIE XXaponpo4yHbIie cTanm

EN 10028-3:2003 Wapenusi nriockue us crarnei, npegHasHadeHHbIe ANA COCynoB, paGoTarowmx non
AasneHueMm. Yactb 3. CBapuBaemble MenKo3epHUCTbIE KOHCTPYKUMOHHbIE CTanu, HOpManu3oBaHHble

EN 10028-4:2003 Wapenus nriockue U3 cranei, npegHasHadeHHble Ofs COCyhoB, paGoTarowmx nog,
fdasneHuem. Yactb 4. Ctanu, nerupoBaHHbIe HUKeneM, npegHasHaveHHble Ans paboTbl NPy HU3KUX Temmne-
paTypax

EN 10216-1:2002, EN 10216-1:2002/A1:2004 Tpybbl cTanbHble 6eclioBHble, NpeaHasHavYeHHble Anis
paboTbl noa AasneHveM. TexHuuyeckve ycrnoeus noctasku. Yactb 1. TpyGbl M3 HenerMposaHHbIX cTanen,
npenHasHa4YeHHble Ana paboTel NPU KOMHATHBLIX TeMnepaTtypax

EN 10216-2:2002+A2:2007 Tpy6bl cTanbHble 6eCLUOBHbIE, NpeaHa3HaYeHHble ans paboTsl noa Aaene-
HueM. TexHu4eckue yCroBusi NocTaBku. YacTb 2. TpyObl U3 HENErupoBaHHbIX M NerMpoBaHHbIX cTanei co
cneuuanbHbIMU CBOMCTBaMM MPU MOBbILUEHHBLIX TEMNepaTypax

EN 10216-3:2002, EN 10216-3:2002/A1:2004 Tpy6bl cTanbHble GecLUoBHble, NpeaHasHayYeHHbIe AnA
paGoThl nog AasneHueM. TexHudeckue ycnoBusi noctaBku. YacTb 3. Tpybbl U3 nerMpoBaHHbLIX MENKO3epHU-
CTbIX cTanewu

EN 10216-4:2002, EN 10216-4:2002/A1:2004 TpyGbl cTanbHble GecLUoBHble, NpeaHasHayYeHHbIe AfA
paboTbl nof AaeneHneM. TexHU4Yeckue ycrioBusl noctaBku. Yactb 4. Tpybbl U3 HenernpoBaHHbIX U flerupo-
BaHHbIX CTanei, co cnelyanbHbIMU CBOMCTBaMM NPU HU3KMX TEMnepaTtypax
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EN 10217-1:2002, EN 10217-1:2002/A1:2005 Tpybbl cTanbHble cBapHbie, pabotaiowme noa AaBneHUeM.
TexHuueckue ycnosus nocrasku. Yactb 1: Tpybbl M3 HenerMpoBaHHbIX CTanen co cneuvanbHbIMU CBOWCT-
BaMM NpyU KOMHaTHBIX TeMnepaTypax

EN 10217-2:2002, EN 10217-2:2002/A1:2005 TpyGbl cranbHble cBapHble, paGotaiolue noa AaBneHUEM.
TexHuueckue ycnosus noctaeku. Hactb 2. Tpybbl U3 HenerMpoBaHHbIX U NerMpoBaHHbIX CTanen, ceapuBae-
Mble 3MeKTPOCBapKoii, CO cneLuanbHbLIMM CBOMCTBAMM NPU MOBLILLEHHBLIX TeMNepaTypax

EN 10217-3:2002, EN 10217-3:2002/A1:2005 Tpy6bl cTanbHbie cBapHbie, paboTaiolme nog gaBNeHVeM.
TexHuyeckue ycnosua noctaekun. Hactb 3. TpyObl U3 nermpoBaHHbIX MeSIKO3epPHUCTLIX cTanei

EN 10217-4:2002, EN 10217-4:2002/A1:2005 Tpy6bl cTanbHble cBapHbie, pabotaioLye noa AaBneHueMm.
TexHuueckue ycnosus nocrasku. Yacts 4. Tpybbl U3 HENMErMPOBaHHbIX U NErMPOBaHHLIX CTanen, ceapusae-
Mbl€ 3MEeKTPOCBaPKOiA, CO cneLnanbHbLIMU CBOCTBAMU NPU HU3KUX TeMnepaTypax

EN 10217-5:2002, EN 10217-5:2002/A1:2005 Tpybbl cTansHble cBapHbie, pabotaiowe noa AaBneHUeM.
TexHu4eckue ycnosus noctasku. Yactb 5. Tpybbl U3 HENMErMpoBaHHbIX U NErMPOBaHHbLIX CTanen, ceapuBae-
Mble OyroBoi cBapkoi noa ¢niocom, co crneyuanbHLIMU CBOMCTBAMU MPU NOBLILLIEHHBIX TeMnepaTypax

EN 10217-6:2002, EN 10217-6:2002/A1:2005 Tpy6bl cTanbHbie CBapHbie, paGoTalowme noa AaBNeHUEM.
TexHu4eckue ycrnosus roctaeku. Yactb 6. Tpybbl U3 HenerMpoBaHHbIX U NIErMPOBaHHbIX CTanei, cBapuBae-
Mble AyroBoi ceapkoi nog ¢riocoMm, co crneyuanbHLIMU CBOMCTBAMU NPU HASKUX TemnepaTtypax

EN 10222-2:1999 lNokoBKW cTanbHble ANns cocyfoB, paboTalolmx nog AaeneHueM. Yactb 2. Peppur-
Hble U MapTEeHCUTHbIe CTanu CO creLanbHbIMU CBOWCTBaMM NPU MOBbILLEHHbIX TEMNepaTypax

EN 10222-3:1998 lNMokoBku cTanbHble Ana cocyaoB, paboTtalowmx nop AasneHuem. Yactb 3. Hukene-
Bble CTanu co cneumasibHbIMU CBOWCTBaMM Npy NOHWMKEHHbIX TEMNepaTypax

EN 10222-4:1998, EN 10222-4:1998/A1:2002 NMokoBKM cTanbHble Ans cocyA0B, paboTalowmx noa Aas-
neHvem. Yacts 4. CBapmBaeMble Menko3epHUCThLIE CTanM C NOBbILLEHHbIM NPEeAenom TeKy4ecTu

EN 13445-1:2009 Cocyabl, paGoTatolime nop AaeneHuem, 6e3 orHeBoro nogsoaa TennoTbl. Yactb 1.
O6Lwme nonoxeHus

EN 13445-2:2009 Cocyabl, paboTaiowme nog AasneHuem, 6es orHesoro nogsoda tennotbl. Yactb 2.
Martepuanbl

EN 13445-3:2009 Cocygabl, paboTaiowme nop AasneHnem, 6e3 orHeBoro nogsofa Tennotsbl. Yactb 3.
MpoekTupoBaHue

EN 13445-5:2009 Cocyabl, paboTalowime nop aasnexuwem, 6e3 orHesoro nogsoaa Tennotbl. Yactb 5.
KoHTporsib 1 UchbiTaHuA

EN ISO 3834-2:2005 TpeboBaHus K kadecTBy cBapkun meTansioB nnasneHueMm. Yactb 2. MNogpobHbie
TpeboBaHus K KauecTsy

EN ISO 3834-3:2005 TpeGoBaHus k ka4ecTBy CBapku meTannos nnasneHuem. Yactb 3. CtaHaapTHbie
TpeboBaHus K KauecTsy

EN ISO 15609-1:2004 TexHudeckue TpeboaHusi U KBanNUUKaLUs TEXHONOMMU CBApPKU METanMM4ecKmux
maTepuanoB. TexHu4eckue TpeGoBaHus K npoueccy ceapku. Yactb 1. [lyrosas ceapka (ISO 15609-1:2004)

EN ISO 15611:2003 TexHudeckue TpeboaHusi U KBanuUkaums TEXHONOMUU CBapku MEeTannM4eckux
MaTtepuanos. Ksanudukaums Ha ocHoBe npeabigyliero onbita ceapku (ISO 15611:2003)

EN ISO 15612:2004 TexHudyeckne Tpeb6oBaHusi U KBanUUKaLMsA TEXHONOMWU CBapKU METanM4eckux
MaTtepuanos. OueHka NocpeACcTBOM NOATBEPXAEHMA cTaHAapTHOW npoueaypbl cBapku (ISO 15612:2004)

EN ISO 15613:2004 TexHuveckue TpebGoBaHUS U KBaNU(PUKALUA TEXHONOMMU CBapKU METariu4Yeckux
maTtepuanoB. OueHka Ha OCHOBe UCNbiTaHUs ONbITHbIX 06pa3uoB ceapku (ISO 15613:2004)

EN ISO 15614-1:2004 TexHuueckue Tpe6oBaHus 1 kBanudukauusi TEXHONOTMU CBAPKU METaNNMYecKMx
matepuanoB. KoHTpons npouecca ceapku. Yactb 1. [lyroBas u rasoBas CBapka cranei v AyroBasi CBapka
HUKens U Hukenesbix cnnasos (ISO 15614-1:2005)

3 Tpe6oBaHUA NO UIrOTOBNEHUIO U NO 3aKINIOYEHUIO KOHTPaKTa ¢ cybnoapsiAYMKom

3.1 UsroTroBneHue

OcHoBHble 06A3aHHOCTUM NPOM3BOAUTENS COCyZOB, paGoTalowmx Moz [AaBneHWeM, onpeaeneHbl B
13445-1:2009. B gononHeHne K aTum TpeboBaHUsIM NpoOU3BOAUTENBb AOIDKEH obecneumTsb crieqyloLlee:

a) OpraHm3aLma KOHTPONA NPOM3BOACTBEHHbIX onepalyii, BKmiovalowmx B cebs cneumansHble npoe-
Aypbl, TakuMe Kak cBapka, (bopMoBKa M TepMmuyeckas 06paboTka, formkHa 6biTb YETKO onpejieneHa Npouaso-
AvUTENEM.

b) MpouasoacTBeHHbIE NpoLiefypbl, TakMe Kak CBapKa, (hopMoBKka U Tepmuyeckas obpaboTtka, AOMKHbI
COOTBETCTBOBaTbL Ha3Ha4YeHWio, U cocys ans pabothl Noa AaBrNeHMeM OOIKEH COOTBeTCTBOBaTh TpeboBa-

56



CTBE EN 13445-4-2009

HUSIM HacTosLLEero ctaHaapTa. Heo6xoguMo npuHMMaTe B pacuyeT cneuuanbHele TpeboBaHus, CBA3aHHbIe C
Marepvanamu, Hanpumep, eBpornerickue paspeLleHns Ha matepuarnsl (EAM).
c) MpoussoacTeeHHOe 060pyAOBaHMe AOMKHO COOTBETCTBOBATL TPe60BaHUAM MO U3rOTOBIEHMIO.
d) LLtaT fomkeH COOTBETCTBOBATL BLIMOSIHEHWUIO Ha3HAaYeHHbIX 3az1a4.
I'IpumeanMe — Yo KacaeTtcs KOOpPAUHUPOBAHWUA CBapKW, KBaﬂMdJVIKaLWIOHHbIe UCNbITaHUA, 3agavum U 06s3aHHOCTU
MoryT 6biTb onpeaeneHsl NpoussoauTenem B cootsetcTBuM ¢ EN 1ISO 14731:2007 [1] B pacnpegeneHun paboumx
3agaHun.

e) TpeboBsaHusi kK Ka4ecTBY CBapKu JOMKHbI COOTBETCTBOBATD MO kpaiiHeit Mepe TpeGoBaHusM, onpeae-
neHHbiM B EN 1SO 3834-3:2005.

3.2 3aknioyeHne KOHTPaKTa ¢ cybnogpsaaumkom

Mpou3soauTenb MOXET 3aknioyaTb Ha paboTbl KOHTPaKT ¢ CyGnoapsAYMKOM, HO OH QOMKeH ybeauTben,
4YTO cybnoapaaYMK BLINONHAET paboThl B COOTBETCTBUM C TPEGOBAHWUSIMU HACTOSILLIETO eBPONEeNckoro CTaH-
Aaprta. lNpoussogntens HeceT OTBETCTBEHHOCTb 3@ Hagnexauiee onpeaeneHue cybnoapaaHbIX 3aaaHuin u
HeoBXOAUMOCTb COOTBETCTBYIOLLEHA JOKYMEHTALIMK.

Mo BceM MeponpuUATUAM, K KOTOPLIM OTHOCATCA crneaylolue paboTsl cybnoapsaumMka:

a) cBapka;

b) dbopmoBKka, BkOYan COOTBETCTBYIOLLYIO TepMUYeckylo o6paboTky;

c) Tepmuyeckan o6paboTka nocne cBapku;

d) HepaspyLwaiowme UcnbiTaHusi CBapHbIX WBOB (CM. 13445-5:2009),
npousBoAUTENb AOMKEH nomy4vatk OT cybnoapsinuuka 6naHk fokyMeHTa (cM. npunoxexue B).

Ecnu csapouHble npoLiecchl BLIMOMHAIOTCA N0 cyGnoapaay, Npou3BOAUTENb AOIDKEH Takke Moryyarb
KOMUKU AIOKYMEHTOB O TEXHOMNOIMMM CBapkn U 0 KBanudukauum onepaTtopos CBapku UNU NpeanpuHUMaTh Apy-
e AencTBUA Ans obecneyeHus cooTBeTCTBUS TPEGOBaHUSAIM HACTOSILLEro cTaHaapTa.

C Uenbio BLIMONHEHUA obsi3aTenbcTBa NO 0Gecne4YeHnIo BLINONHeHUs cyonoapsiauMkoM paboT B COOT-
BETCTBUAM C TpeboBaHMsIMA HACTOSALLEro CTaHAapTa, NPoU3BOAUTENb AOIMKeH 0becneunTb BbINONHEHUe Had-
30pa 3a BbiNornHeHuem paboT cyGnoapsaunkom.

Mpy u3roToBneHuM npoussoguTenem obopyrnoBaHusi, Tpebylollero nocpeaHUHEcTBa OTBETCTBEHHbIX
OpraHoB, NPOV3BOAVTENb AOMKEH MHOPMUPOBATL OTBETCTBEHHLIE OpraHbl 0 CBOEM HaMEPEHUM 3aKITIoUYUTb
KOHTPaKT Ha cybnoapsa, 4ToObl OTBETCTBEHHbIe OpraHbl MMeNnu BO3MOXHOCTb Y4acTBOBaTb B KOHTpone
pa6oT cybnoapsaqmka.

Mpumeuanue 1 — CM. Taioke EN 764-3:2002, 2.11 [2] 1 CR 13445-7.

MpumeyaHue 2 — Mpu usrotoBneHuy npoussoauTenem obopyaoBaHUA Ha OCHOB® rapaHTUU KayecTBa, B CUCTEOMO

NpUeMKMU KayecTBa npousBoauTensa AOMKHbI ObITb onucaHbl cnocobbl KOHTPONA, NpUMeHseMble K BbilONHAeMbIM

cybnoapsaYukom paboTam.

4 Matepuanbl

4.1 O6WwKe nonoxeHun

Matepuanb! Ans U3roToBNEeHMs COCyAoB, paboTalowwmx Nog JaBneHueM, 1 knaccudmvkaums MaTepuanos
AN U3rOTOBMEHVs1 COCyAoB, paboTalowmx nog OaeMeHWeM, AOMKHbI COOTBETCTBOBATb TpeGoBaHusM
EN 13445-2:2009.

Knaccudovkaumsi npuMeHsIeTCsl He3aBUCMMO OT (hOPMbl M3ZEenuit, T. e., IMCTOBOM Marepuar, MOKOBKY,
Tpy6a.

4.2 MNpocnexuBaeMoCcTb MaTepuanos

4.2.1 O6wue nonoxeHus

MpoussoauTens COCYA0B AOMKEeH UMeTb B HaNM4YMU U NOoaAepXuBaTh CUCTeMy 0003HaYeHuin maTepua-
noB, Mcronb3yeMbiX B M3roTOBNEHUM ONA TOro, YTo6bl BCce MaTepuarnsl, NoABeprallmecs Harpyske B pe-
aynbTate AaBneHus, U B JOMNOMHEHUe K 3TOMy cBapuBaeMble, MOXHO GblNio OTCrexuBaTb BO BPEMS BCeX
BbINOSHAEMbIX paboT NO UX NPOUCXOXKAEHUID. K 3TOMYy OTHOCUTCS MPUMEHEHME PacXoLHbIX MaTepuasios Afs
CBapKu.

4.2.2 Cucrema o603HavueHUA

4.2.2.1 Cuctema 0603Ha4eHVs1 NPOUIBOAUTENS! COCYAOB AOMKHA rapaHTUPORaTh, YTO BCE MaTepuarsi,
Ucnonb3yeMble B U3roTOBNIEHWUM COCYAOB, NOABEPITIUCH U YCTELUHO NPOLLNU Chedytowwmii KOHTPOb:
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a) obcnepoBaHMe MaTepuana nepes U3roTOBMNEHWEM C LIENbio BLIABNEHUS, HACKOMbKO 3TO BO3MOXHO,
HEZOCTaTKOB, KOTOPbIE MOTYT HEGNAronpuUsiTHO NOBNUATL HAa 6e3aonacHOCTL PaGoT;

b) npoeepky maTtepuana AnA onpeaerneHusi Toro, YTo OH MMeeT TPebyeMyio TONLWUHY;

C) NpoBepKy maTtepuarna Asis NOATBEPXKAEHUA TOro, YTO MaTepuanbl paspelleHbl HacTOSLMM eBponen-
CKMM CTaHOApTOM, MOMHOCTLIO NPOCMEXUBAIOTCS B COOTBETCTBUM C Haanexaiwen cepTudukauven mare-
puana U COOTBETCTBYIOT YKa3aHUAM NPOEKTHOW AOKYMEHTaLUK;

d) npoBepky pacxoAHbIX MaTepuarioB Ans CBapku Ansi NOATBEPXOEHUS NpaBUNbHbLIX MApKUPOBOK M
noanepXXaHus HaanexXalmx ycroBuid C Lienblo NpeqoTBpaLleHUs NOBPeXaeHUs.

4.2.2.2 MNpocnexvWBaeMoCTb MaTepuana no OpUrMHanbHbBIM UAEHTUOULUMPYIOLLMM MapKUPOBKaM NpoMC-
XOXAEHWA JOIDKHA COOTBETCTBOBATL OAHOMY MIIM HECKONbKUM CIEAYIOWMUM criocobam:

a) akKypaTHblii NepeHOC OpurMHanbHbIX MapKUPOBOK WAEHTU(UKALUMKM B Te MecTa, rae MapKUpOBKM
GyayT BUAOHLI Ha 3aKOHYEHHOM COCYAE;

b) 0603HayeHUe ¢ NOMOLUBI0 KOAUPOBaHHLIX MapKUPOBOK, OTCMIEXUBAEMbIX B COOTBETCTBUW C OPUIM-
HanbHOW 06sA3aTenbLHON MapKMpPOBKOW;

C) perucTpauus Mapkmposok 0603Ha4YeHUs! C MOMOLLLIO CMIMCKOB MaTepuanos UNKu B Ka4ecTBe cxemaTu-
Yeckux maobpaxeHuit, obecneunBalowmx naeHTMMKaLMIO KXKAOW YacTu MaTepuarna Bo BpeMsl U3roToBne-
HUA ¥ NOCnenyioLyI0 MAEHTUMUKALMIO B 3aKOHYEHHOM COCYAE;

d) Heobx0aAMMO perMcTpMpoBaTb HOMEpa NapTUil PacXoAHbLIX MaTepuarios Ans CBapKu.

4.2.3 BuaumocTb

Marepuanbl, Ha KOTOpble HEBO3MOXHO HAaHECTM KINeiMo, unu Kotopble He GyayT BuAHLI Mocne 3aBep-
LUeHUs1 cocyaa, UK ANst MHOXECTBEHHbIX fleTaneil Manoro pasmepa, Unu 4actu, He paGoTalolwme nog Aas-
neHveM, NpousBoaMTENb MOXET PErMCTPUPOBaThL B CUCTEME AOKyMEHTauuu, obGecneunBaloLeit Mpocrexu-
BaeMOCTb MarepuasnoB B 3aKOHYEeHHOM cocyze.

4.2.4 U3yyeHue cepTuMKaTOB MaTepuaroB U 0603Ha4YeHUA MaTepuanoB

CepTudhukaThl Ha BCe MaTtepuanbl cnefyeT U3yuuTb Npu npuemke. Mpoeepka forkHa BKMioYaTh B cebst
MOMHOTY U COOTBETCTBME OTYETOB MO CNEAYIOLLMUM MyHKTaM:

a) MEXaHN4EeCKUe M XMMUYECKME XapaKTEPUCTUKM, KOTOPbIe AOMKHbI ObiTh yKasaHbl B cneumdukaLmm
MaTepuana;

b) noaTBEpX)AEHME TOrO, YTO yKasaHHbIE pe3yribTaTbl COOTBETCTBYIOT YCNOBUAM cneuudmkaumu;

C) Bce MapkupoBku, TpebyeMble cornacHo crneuvdukaumMmM matepuana, cobniofeHsl, a Take obecne-
YeHa NpocneXuBaeMoCTb MeXAy hakTUYECKUMM MapKUPOBKaMM M MapKUPOBKaMK, YKasaHHbIMKU B cepTUdu-
KaTe Ha maTepuarn.

Bce cepTudukaTtbl Ha MaTepuarnbl AODKHbI BbiTb JOCTYNHLI B TEYEHWe BCero NnpoMaBoCTBEHHOro npo-
Lecca.

4.2.5 MepeHOC MapKMpPOBOK

B cnyyae, ecnv opuriHaribHbie MapkMpoBku 0603HaueHusi ByayT HeusbexHo obpesaHbl Unu ecnu ma-
Tepuan pasgensieTcsl Ha ABe unu Gonee 4acT, HasHaYeHHbI NPOU3BOAMTENIEM MEepcoHan nepen peakoit
JOIMKeH akKypaTHO NepeHecT! MapKUPOBKU.

dakTyeckass MapKMpoBKa MaTepuarna gofkHa BbINOMHATLCA cnocobamu, KoTopble He NoBpeasT MaTe-
pvan npy nocnenyoLemM UcnonbaosaHUM/yHKLMOHMPOBaHWUN.

lMepeHoc MapKWpOBOK AOMKEH BLIMOMHATLCA Nepef pacnpefeneHUeM Usgenvs, U nocne npoBepKu
0603Ha4YeHW, NpeacTaBneHHbIX COOTBETCTBYIOLUMM CEPTUUKATOM.

5 [lonycKu Ha U3roToBneHue

5.1 FeomeTpusa NOBEPXHOCTU CBapPHbIX LWUBOB

FeomeTpusi NOBEPXHOCTU CBApPUBAEMbIX CTHIKOBbIX U YrNOBbIX COEAUHEHMWIA OOMKHa COOTBETCTBOBAThL
TpeboaHusim EN 13445-5:2009, ecnu Ha YyepTexe He ykasaHbl Gonee cTporve TpeGoBaHus.

5.2 BblpaBHMBaHMe cpefHen nMHuM

Jonycku Ha CMeLLeHMe CpeaHuxX NUHUA OOIDKHbI COOTBETCTBOBATH YyKasaHuaMm Tabnuy 5.2-1, 5.2-2,
5.2-3 n pucyHka 5.2-1.
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b)Bupasnusatne cpefhei nunnu rfinpu paswod Tonunne ei<e2

PucyHok 5.2-1 - BblpaBHu1BaHve cpefHei nuHuy <

[ I'IpHMOy[0ﬂbeIX/I’IpVI3MaTMWECKMX

Ins NpoAOnbHHX CBAPHHX LBOB B LMAWHAPAYECKHX, KOHYCHBHX
KOHCTPYKUNAX CPEgHME NUHUA CHEXHUX KOWNOHEHTOB (COAUHAKOBOM WA PA3HOM TONUWHOA) AONKHY B -

DABHABATLCA B NPEAEnax fONYCTUNHX OTKNOHEHUHH, yKkasantux 8 Tabanye 5.2-1.
Tabnmua 5.2-1 - CMeLlleHVe cpefHUX NMHWUIA AN NPOAOJIbHBIX CBApHbIX LIBOB B LWAMHAPAX, KOHycax U

NPSIMOYTO/TbHLIX/NPU3MATUUYECKUX KOHCTPYKLUSAX
Pasueps B uAAAUNETPAX

lakcumwanbhoe cueyenne di

Tonunta Haubonee TOHKOW yacTu ei
ei <2 0,5
2<ei<4 erd
4<e, <10 1
10<ei <30 e-i/10
30 <ei<60 e-i/30 + 2
4

60 < ei
Ins NpoponbHSX CBApPHHX UBOB B BHAYKAHX TOPLUEBHX YaCTAX W CBAPHHX LUBOB B COEPUYGCKUX KON-
(W c paBHOW, W C pPasnuyYHOl TONUMHOA) LONKHGH BHPABHN-

MOHEHTAX CPEAHUE NUHUU CHEXKHNX feTaned
BATHCA B NPeAenax fONYCTHNBX OTKAOKEHUH, yKkasanwox 8 Tabauye 5.2-2,

Tabnuua 5.2-2 - CMelleHVe CpeaHuX NUHUIA ANs NPoAOoSibHbIX CBapHbIX LUBOB B BbIMYK/IbIX TOPLEBbLIX

yacTax 1 B chepnyecknx KOMMOHEHTaxX CMEXHbIX AeTanel
Pasweps s uuanmmeTpax

Hakcumanohoe cuenenue ci

Tonunna Haubonee TOHKOH yacTu ei
ei a2 0,5
2< e-il4
4 <ei<10 1
10<e, < 30 el
30 e ¢ 120 e-if30 . 2
120 < ei 6
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[ins KonbLEBbIX CBapHbLIX LIBOB CPEAHWE NUHMKU CMEXHbIX YacTel (U C paBHOIN, U C Ppa3nUYHOA TOMNLLK-
HO1) AOMKHBI BbIDABHUBATLCA B Npegenax AonyCTUMbIX OTKITOHEHUN, yka3aHHbIx B Tabnuue 5.2-3.

Tabnuua 5.2-3 — CMelLeHMe CpeaHUX SIMHMIA KOMNbLEeBbIX CBapHbIX WBOB CMEXHbIX YacTen
Pa3amepbi B Munnumerpax

TonwmHa Haubonee TOHKON HacTu e MakcumansHoe cMelleHune di
e <30 e/10+1
30<e; <150 e,/30 + 3
150 < ¢4 8

5.3 BoipaBHMBaHWe NOBBPXHOCTH

5.3.1 CmelleHMe NOBEBPXHOCTEN MeXay YacTAMMU

Ecrn Bo3HUKaeT cMeLleHWe Ha NOBEepXHOCTM MEXAY YacTAMMU C OAMHAKOBOW HOMUHANbLHON TOMLWMHONM,
rnepexoA Yepes CBapHOM LIOB A0MKeH ObiTb NMaBHbIM U NOCTENEHHBIM C HAKMOHOM 1 K 4 NO LWMPUHE CBapHO-
ro wea. Ecnu Takoii yKrnoH HeBO3MOXHO cornacosaThb B Npefenax WWpWHbLI CBApHOTO LWBA, AONYCcKaeTcs:

a) n16o wnudoska Hanbonee BbICOKON MOBEPXHOCTU NUCTA, €CNIN 3TO HEe YMEHbLUUT TOMLUMHY LBa B
KakoW-nmbo Touke HWKe HOMMHaNbHOW YKasaHHOW TOMLMHBI IUCTa MUHYC [OMYCTUMOE OTKIOHEHUE TOMLLU-
Hbl NKCTa;

b) nMbo HapawmsaHue Haubonee HWU3KON NOBEPXHOCTV NMUCTA AONONHUTENbHLIM METaNNOM CBapHOro
LiBa.

5.3.2 CoeayHeHMe HacTeil pasnUYHOMN TOMNLUUHBI

Ecru BbinonHseTcs coeguHeHWe YacTteil pasnuyHOi TOMLLMHBI, YKIOH cnepyeT (hOpMUpOBaTh B COOT-
BeTCTBUM C TpeboBaHnsimu EN 13445-3:2009:

a) nubo ¢ NOMOLLbIO YKNOHa Hauboree TOHKOro NMCTa COrNacHO MPOEKTHOMY YepTexy U 3aTem C NoMo-
Wb NpMMeHeHus TpeBoBaHUiA, ykasaHHbIX BbilLe Ars YacTeil ¢ OQUHAKOBOM HOMUHANBLHOW TONLLWUHOM;

b) nn6o c nomoLLbio nosy4eHuss Heo6XoAMMOro HaknoHa Mo WWPUHE CBapHbLIX LWBOB MM KOMOUHaLMK
HapalLuBaHWA CBapHOro LBa Havbonee HWU3KoW NOBEPXHOCTU ACMONHUTENbHLIM METanfoM CBapHOro LUBa,
1 Nnocne 3Toro — Nony4YeHnss Heob6XxoAMMOro HakMoHa Mo LUMpUHE CBapHOro LWBa.

5.4 [lonycTMMble OTKNOHEeHUs ANsi COCYAOB, NOABEpralolMnXcs BHYTPEHHEMY AaBNEHUIO

5.4.1 HapyxHbiv guameTp

Ons uMnuHapUyecknux n ccpepuyecknux cocyaos, npeaHasHayeHHbIX Ans paboTbl Nog AasneHueM, cpea-
HUIA HapYXXHLIA AMaMeTp, noryvyaeMbid Ha OCHOBE ANUHbI OKPYXHOCTU, He AOIMKEH OTKIOHATLCS Gonee yem
Ha 1,5 % OT ykasaHHOro Hapy>Horo auameTtpa.

[ns npsMoyronbHLIX COCyA0B U/MNWU NPU3MaTMYECKMX KOHCTPYKLUMIA Nio6oil HapyXHbIiA pasMep He Aon-
)eH OTKNoHATbes 6onee Yem Ha 1,5 % OT yKasaHHOro Hapy)XHOro paamepa.

5.4.2 HapylueHue 3aKpyrneHHOCTU
OTknoHeHune 3akpyrneHHocTH (O) AOMKHO pacCcUMTLIBATLCS C MOMOLLBIO criefyioLlero ypasHeHus (5.4-1):

01%] = 2-{Pruax = Brin) 49 (5.4-1)
Dmax + Dmin

OT0 OTKIOHEHME He JOMKHO NpeBbIllaTh ceayiolme 3HaYeHus:

a) 1,5 % ans cootHoleHusi e / D < 0,01;

b) 1,0 % ans cootHoweHus e / D = 0,01.

MpumeyaHve — MNpu onpeaeneHUn OTKNOHEHUA 3aKPYIMEHHOCTU He crieAyeT yuuTbiBaTh ynpyryio aecdopmauuio B

pesynbTaTe NnosHoi rpy3onoALeMHOCTU cocyaa, paboTalowero nop AaBneHuem.

HeposHoctu B npodimne cocyaa (Hanpumep, BMATUHBI, u3rmbaHue, NIockue rpaHn B MecTax YCTaHOBKU
(POPCYHOK) Takke AOMKHLI HAXOAUTLCA B Npeaesax AOMYCTUMbIX OTKMOHEHUN, yKasaHHbIX B NPeabiayLmx
NyHKTax a) 1 b). MpeBbialowme OTKINOHEHUs 3aKPYTNIEHHOCTU MOTYT GbiTb NpUeMIeMbl NPU YCROBUM, UTO
OHU 6bINM NpUsHaHbI AOMYCTUMBIMUW C MOMOLLLIO PAaCYETOR UM TEH30METPUYECKUX U3MEPEHWIA.

5.4.3 OTKnNoOHEeHne OT NPOAONBLHOM OCH

OTKINOHEHWEe OT NPOAOILHON OCK MO ANUHE LMITMHAPWYECKON 4acTu cocyaa, NpefHasHayeHHoro ans
paboTtbl noa AaBneHueM, He AOMKHO npeBbiwaTts 0,5 % aAnvHbI Kopnyca.
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5.4.4 HepoBHOCTU B npodmne

a) JlokanbHble HepoBHOCTU B Npodbune cocyaa.

HepoBHocTH B npodune (Hanpumep, BMATUHbLI, U3rubaHve, NNockue rpaHu B MecTax yCTaHOBKW hopcy-
HOK) AOMKHbI ObITb MNaBHbIMK, rMy6uHy HeoBxoguMo NpoBepsATb C noMolbio 20° — namepuUTensHOro Lwab-
JIoHa, U OHa He AOIDKHA NpeBbiWaTh CrneayrLwmne 3HaueHus:

1) 2 % AnvHbLI M3MepuTenbHoro npubopa; unu

2) 2,5 % AnvHbLI M3MepuTensHOro WabnoHa, ecnu AnvHa HEPOBHOCTEN He NPEeBbILLAeT OAHON YeTBepTH
AnvHBbI (MaKe. 1 M) 4acTu KOpnyca MeXAy KOJbLEeBbIMA COeAUHEHUSMM.

MpeBbiWalowpye 3TM 3HavyeHUsi HepOBHOCTU TPeGyIoT NOATBEPXKAEHWSI C MOMOLLbIO pacyeTa UMK TeH30-
METPUHECKOrO U3MEPEHUS TOTO, HTO Harpy3ky sIBMSIOTCH AOMYCTUMBIMA.

b) BbicTynkl B NPOAONbHBIX CTHIKOBLIX CBAPHLIX LUBAX.

Ecnu HepoBHOCTb B npodurie BO3HWKAET B CBAPHOM COEAMHEHWM W CBfidaHa C MMOCKUMU rpaHsMM,
CMEXHbIMU CO CBapHbLIM LUBOM, HEPOBHOCTb B Npoduiie WK BbICTYM, HE AOMXKHbI NPEBbIWAaTh 3HAYEHWN,
yKasaHHbIX B Tabnuuax 5.4-1 n 5.4-2.

WamepeHue BbICTYNOB crieAyeT BbINOMHATL C NOMOLLbI0 20° — UaMepuTenbHoro wabnoHa (unu nekana),
CM. PUCYHOK 5.4-1, Unn xe ¢ UCnonb3oBaHMeM APYrUX TUMOB U3MepPUTESIbHLIN YCTPOIMCTB, TakUX Kak MOCTO-
BOE UNW Uronb4aToe U3MepuTenbHOe YCTPOMCTBO.

s BbINYKMbIX BbICTYNOB HEOGXOAUMO CHATL AiBa NOKasaHWsA Py u P, ¢ KaXaoil CTOPOHbI COeANHEHUS B
onpeAeneHHoN TOYKe, MakCMManbHbIA BbICTYN ONpeaensieTcs C NOMOLLbLIO ypaBHeHus (5.4-2):

P=0.25.(P +P;). (5.4-2)

Jinsi BOrHYTbIX BbICTYNOB cneayeT M3MepuTb BENUYUHY P.

BHyTpeHHUIn paguyc usmepuTenbHOro YCTpoiACTBa JoMmKeH 6biTb paBeH HOMUHANLHOMY HapyXXHOMY pa-
Auycy cocyaa.
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a) Bupes, ROCTATOYHUI ANA HAfNeKAUETo OUNUEHNS YyCUNEHUA UBA

PucyHok 5.4-1 - [eTanbHbli YepPTEX N3MEPUTESIBHOIO YCTPOMCTBA, U3MEPEHNE BbICTYNOB

N3mepeHus crneayeT BbINOMHATL C MHTEpBanaMu Npu6aM3NTenbHO 250 MM B NPOAOJbHBLIX LUBAaX A5
onpefeneHns TOYKM MakCUMaslbHOW BennyuHbl BbiCTyna. MakcuManbHas BenuyMHa BbiCTyna A1s AuHaMU-

YECKMX U LMKINYECKNX HArpy30K AO/HKHA COOTBETCTBOBATb ykalaHuaM Tabnuubl 5.4-1, ona ctaTM4yeckux Ha-
rpy30K - ykasaHusam Tabnuubl 5.4-2.

Tabnuua 5.4-1 - MakcumasibHO AONYCTUMBbI/ BbICTYN P B NPOAO/bHbIX CBapHbIX WBax AN8 AUHaAMUYEeCKnX
W LMKTNYECKNX Harpy3oK

Pasmeps B UUHANUNETPAX

TonumHa cTeHkM cocyaa e MakcuMasibHO oMyCTUMBINA BbICTyn P

e<3 15
3<e<6 2.5
6<eS9 3.0

9ne

HanmeHbllee n3 3HauyeHnii e/3 nnm 10 mm

62



CTb EN 13445-4-2009

TpeboBaHus K BbICTYNam Ansi COCyaoB, paboTalowmx nop AaBneHVeM, ¢ LIMKITUMECKUMU Harpy3kamu
cm. Tawke B EN 13445-3:2009 u EN 13445-5:2009, npunoxeHue G. BenuuvHa BbICTYNOB, NpeBbiluaowas
BbllLEe yKa3aHHble TpeGoBaHWsA, AOMYCKAaeTCA TOMbKO HA OCHOBaHWM CNeuuarnibHOr0 aHanuaa, Ho B Nniobom
cry4ae He AormKHa NpeBbillaTh 3HaYeHWUI, ykasaHHbIX B Tabnuue 5.4-2.

Tabnuua 5.4-2 — MakcumanbHO AONMYCTUMBLIA BbICTYN P B NPOAONbHLIX CBapHbIX WBax ANA COCYAOB,
noABepraloWMxcs NPeMMyLLeCTBEHHO HEeLMKNTUYECKUM Harpyskam

Pasmepbl B MunIMMeTpax

TonwmHa CTeHKM cocyaa e MakcumanbHO AONYCTUMbIN BLICTYN P
e/ D<0,025 5
e/ D>0,025 10

Mndopmaumio 0 ONOMHUTENBHBLIX OrPaHU4EHUAX NO BbICTYNam cM. Take B EN 13445-5:2009, B ucnbi-
TaHUSIX COCYL0B rpynnbl 4.

5.4.5 NlokanbHOE yTOHYEHUue

5.4.5.1 OrpaHnyeHHas nnowaab ¢ TONWWHOW MeHee 3HaveHu (e + c), rae e — Heobxogumas TonwWMHA,
M ¢ — [ONYyLLIEHME Ha KOPPO3WIo, OMKHLI AONyCcKaTLCA 663 AONONHUTENBHOrO pacueTa Npu yCnoBuM, YTo Co-
6nioaeHbl BCe crieayiolue yCrnoBus:

a) pasHuua TONLWMHBI CTEHOK HE AOIDKHA NPEBbILAaTh HAaMMEHbLUEee 3HaYeHue u3 aByx 3HauyeHui 0,05 e
unun 5 Mm;

b)nnowaab ¢ TONWMHOW HUXE MWHUMANbHOW PaACYETHOW TOMLMHbI AOMKHA BMMCLIBATbCA B OKPYX-
HOCTb, AMaMeTp KOTOPOM He NpeBbLILLAET HAUMEHbLUeEe 3HaYEeHUe U3 ABYX 3Ha4YeHui e unm 60 MM;

C) paccTosiHMe MeXxay ABYMsl 30HaMU OT Kpasi 0 Kpasi C TONLUMHON CTEHKW HWKe MUHMMarbLHOM pacuyeT-
HOI TONLMHBI AOMKHO BbITb KaK MUHUMYM PaBHO LLUMPUHE:

JD-e ,

rae D — paBHO Hapy>kHOMy AuaMeTpy YacTu, paboTaloLueii noa AaBreHUeM;

€ — Heobxoaumas TosLLMHA NUCTa;

d) o6was nnowanb ¢ TOMNLWMHOM HKE MUHUMANbHOM PacyeTHOW TOMNLUMHBLI HE AOIDKHA NnpeBbilaTh 2 %
obLwei nnowaau;

e) nnowaab He AOMKHa HaXoAUTLCS Ha CTHLIKOBOM y4YacTke nepervba Bhinyknoro Topua.

5.4.5.2 Kpome 3TOro, orpaHuuyeHHble NNowWaan ¢ TONWMHOW CTEHKU HWKE MWHUMAamNbHOW pacyeTHOW
TONLLMHBLI CTEHOK AOMKHbI AOMyCKaTLCA NPU YCIIOBUM, YTO:

a) AmameTp OKPYXHOCTU, ONUChIBaIOLWEN NNnowaab C TONWWHOW CTEHOK HUKE MUHUMAaIbHOW pac4eTHOW
TONLMHBLI CTEHOK, He NpeBblllaeT AguaMeTp pacCcHUTaHHOro NPUEMIIEMoro He YCUNEeHHOro 3a3opa B COOTBET-
ctBum ¢ EN 13445-3:2009, ¢ makcumyMom 200 MMm;

b) ocTanbHas TonwuHa cTeHkn 6onblue TONWUHBI NOCKOro TopLa C TakuM Xe AMaMeTpoM, U paccuu-
TaHa ¢ nomoLbto C-koacpdpuumerTa 0,35;

C) nnowaamn ¢ NOHWXeHHOMN TONLLUHON CTEHOK OTMEYEHDI.

5.4.6 Bbinyknbie TopLbl

Boinyknbie TopLbl (CM. pUcyHOK 5.4-2) normkHbI GbiTh NpUBEAEHLI B COOTBETCTBUM C AONYCTUMBIMU OTKITO-
HEHUsIMY, yKasaHHbIMA B Tabnuue 5.4-3, 3a UCKMIOYEHMEM TOro, YTO paaAMyC Kynona He [OIDKeH
npeBbIlaTL Paguyc, onpeleneHHbId B NpoekTe, a paguyc nepermba He AOMKeH GbiTb MeHbLUe 3HaYEeHUi,
onpeaeneHHbIX B NPoeKTe.
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CumMBon MapameTp EavHuua namepeHus
D, HapyxHblit anameTtp MM
H BHyTpeHHss BbicoTa MM
hy Mpsimoit kpawn MM
en’ HoMuWHanbHas TonLwmHa CTEHKU MM
o OTKNoHeHue NpPsSIMOro Kpasi OT BHyTpeHHero 6oKoBOro yrna uMnuHapu- rpanyc

yeckoi hopMbl
o OTKNOHeHne NPSMOro Kpasi OT HapyHOro GOKOBOro yrna uunuHapuye- rpagyc
ckom (hopmbl
C [lnuHa oKpyXHOCTU MM
0] OTKNoHeHue 3aKpyrieHHOCTH %

LWHbI CTEHKU ¢

MWH

2 BMECTO HOMWHANbHOW TOMLLMHEI CTEHKMA BbiMyKMbie TOPLbl MOXHO PerynupoBaTth ¢ NOMOLLLIO MUHUMANBLHOM TOr-
=e, -8, NHdopmaumio o sHaueHusx g, u &, cm. B EN 13445-3:2008, 5.2.3.
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Tabnuua 5.4-3 — [lonycTMMble OTKNOHEHUA ANA BbINYKNbIX TOPLIOB

CTB EN 13445-4-2009

CumBon ObnacTtb NpUMEHeHun Ilmg:;::f MpumeyaHus
C D, <300 mm +4 Mm
®deppuTHLIE MaTepuanbl:
300 Mm < D, < 1000 Mm 10,4 %
1000 mm < D, +0,3 %
AycTeHuTHble MaTepuansl:
"D, > 300 Mm +0,5 % /0,7 %
MnakupoBaHHbIe MaTepuanbi: +1 %
D, > 300 MM
[ns Bcex S1%
Bonbliee 3HaueHue:
nsa Bcex nn6o +0,015 D,,
nM6o +10 mm
en e, <10 Mm -0,3 MM Ecnu ans BLINyKNoro Topua ykasaHa
10 MM < ¢, < 30 MM -0,5 Mm MUHUMASTbHAs TOMLMHA CTEHKWU €,
30 MM < e, < 50 Mm —0,8 Mm oTpuuartenbHelii  gonyck (0,) Ha
€n > 50 MM —1,0 Mm TONWMHy He paspeluaeTcs
[ns BLINYKNOro Topua, rae Ha BHeLl-
HWIA DOKOBOW yron BNMsieT ocagka B
Q <2° pesynbTarte npoLecca LUTaMMNoBKU, OT-
oo Ans cex <5° KIMOHEHWe MPSIMOro kKpas OT LWNUHA-
puyeckoid bopMbl cneayeT U3MEpATb
TOJILKO U3HYTPU BLINYKMOro AHULLA
Ecnu He ykasaHO uHaye Ha yepTexe, ANvVHa NpsAMoro Kpas hy [AOfKHa COOTBETCTBOBaTb CREAYIoLUM
YCIOBUSIM:
Tem He MeHee, ANWMHA NPSIMOTO Kpasi
He AOMKHA NPEeBbILLATH:
h=3e, TonwuHa creHkn | [lnuHa npsimoro
€ NN G4, MM Kpasi, MM
hy Ans Bcex . _ug-u 50 < e, < 80 120
159" G 80 < e, < 100 100
100<e,<120 75
120 < e, 50

5.5 flonycTMMble OTKITIOHEHUS Ansi COCYAOB, NOABepralolUMXCcA BHeLWHeMy AaBMNeHUIO

JlonyCTMbIe OTKIMOHEHWUS AOMKHBI COOTBETCTBOBAaTh YenoBusim EN 13445-3:2009, HO HU B kOeM criyuae
He AOoMXKHbI NPeBbILaTh AONYCTUMbIE OTKIOHEHUS, onpeaeneHHbIe B 5.4,

5.6 KOHCTPYKLMOHHbIE BOMYCKU

KoHCTpYKUMOHHbIE AOMYCKU KPOME AONYCTUMBIX OTKIMOHEHWM, onpeaeneHHbiX B 5.4 u 5.5, He AOmMKHbI
npeBbillaTh 3HAa4YEHUs, yKa3aHHbIe B NpUNoXxeHuu A.

6 leTanu3auus CBapHbLIX WBOB

6.1 O6wue nonoxeHunA

Mpu BLIGOPE COOTBETCTBYIOLLIEN AeTanu3aLun CBapHOro LBa NPOU3BOAUTENb JOMDKEH YUYMTbIBATL Chie-
AyloLue MOMEHTbI:

a) crnocob npon3soacTBa;

b) ycrioBus akcnnyarauuu (Hanpumep, kopposust);

C) BO3MOXHOCTb BbIMOMHEHUA 06A3aTeNbHbIX Hepa3pyLLAOLWMX UCMbITaHUM, HeOGX0AUMbIX B COOTBET-
ctBuu ¢ EN 13445-5:2009;
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d) npoektHbie TpeboBaHuA, onpeneneHHble B 5.7 u B npunoxeHun A EN 13445-3:2009 ans cBapHbIX
LIBOB.

MOXHO NPUMEHSATb APYIyH ASTanM3aumio CBapHbIX LIBOB.

Mpumeyanne 1 — B EN 13345-3:2009, npunoxeHue A, npeaoCTaBneHbl YepTexXu COSONHEHU B 3aKOHYEHHOM CO-

CTOAHUMN, NPOEKTHbIe TpeﬁoBaHMﬂ rmaBHbIM 06paaoM no reoMeTpun, CrnnuCoK NpUMEeHUMbIX UCNbITbIBAEMbIX rpynn,

peKoMeHgaLMmn No NpeaocTBpPaLISHUIO 06pa30BaHUs NPOAOILHbLIX TPELMH U KOPPO3UK.

MNpumeyanue 2 — OcHoBHbIE AeTanu CBapHLIX WBOB onpeaeneHs B EN 1708-1 [5]. 3ta aeranusauua npeacraens-

eT coboii cTabunbHylo U pacnpocTpaHeHHyto nNpakTuky. He npepycmaTpuBaeTtcsi, YTO OHa sIBNfeTcs 06a3aTensHoi

WK JOMKHa OrpaHu4MBaTh Pa3paboTKy TeXHONOrMKU CBapku kakum-nu6o cnocoGoM, NO3ITOMY MOXHO UCNONbL30BaTh

Apyrve npuMeHUMbIe eTanu CBapHbIX WBOB.

6.2 Cocyabl unu yacTu, cocronuue 6onee Yyem U3 ogHoro cnos

Ecnu cocyn unu yactb cocyaa cocTouT U3 ABYX Unu Gonee cnoee, NpoAosbHbIe CBapHbie coeguHeHust
CMEXHbIX CroeB AOMXHbLI pacnonaraTtbCs B LWaxmaTHOM Nopsiake Ha paccTosiHuM 4 - e, MUHUMYM 10 MM 1K
MuHMMyM 30 MM, ecriv cocyAl Unu YacTb cocyaa nubo paboTtaeT B MHTepBare nonayyectu, nmbo paspaboraH ¢
NoMOLLIbIO NPOEKTUPOBaHUA Ha OCHOBe aHanusa — Npsimoe Hanpaenexue (npunoxenve B, EN 13445-3:2009),
nubo paspaboraH Ha OCHOBE NONOXeHu, onpeaeneHHbix B 6.3 EN 13445-3:2009.

6.3 CoequHEHUsi BHAXNECTKY, WNYHTOBbIE COeANHEHUS], NOCTOSIHHbIE NOAKNAAHbIE NEeHTbI

MNpoekTupoBaHMe U feTanusauuna TakuMx CBapHbIX LWBOB AO0MKHbLI COOTBETCTBOBaTL TpeboBaHusM, onpe-
neneHHbiM B EN 13445-3:2009.

7 CBapka

7.1 O6wmMe nonoxXeHun

Ceapka COCTaBHbIX YacTeit cocyaa, NpeaHasHavyeHHoro ans paboTbl noa AaBneHUeM, MOXET Bbinos-
HATLCA, TONbLKO ecnu cobnioaeHbl cneaylowme ycnoeus:

a) npoussoauTens NpPUAEPKUBAETCA cneumduKkaum TeXHONOMN CBapKK;

b) TexHonorusi ceapku, BoIGpaHHasn NPOU3BOAUTENEM, aTTECTOBaHa ANa AaHHOW o6nacTv npumeHeHus:;

C) CBapLUMK/ M onepaTopbl CBapK1 MPOLLNY KBaTU(PUKALMOHHLIE UCTIbITaHWA Ans paboTbl, NOPYYEHHOI
UM, U UX KBaNUUKaLma AeicTBUTENbHA.

7.2 Cneuundukauun texHonorum ceapkm (WPS)

MpouasoauTenb AOMKEH COCTaBUTb CrieuuduKkaLMu TEXHONOIMU CBapku B COOTBETCTBUM C TpeboBa-
Husimu EN ISO 15609-1:2004 ansi Bcex CBapHbIX LLIBOB.

7.3 Attectauus cneumdpukauum texHonormm cesapkm (WPAR)

Cneundukaumm TeXHONOMM cBapku, UCNoNb3yeMblie B MPOM3BOACTBE, A0IDKHbI ObiTb OLlEHEHbI OTHOCH-
TErNbHO COOTBETCTBYIOLLEN aTTecTauum cneumdukaumm TexHonorum caapku (WPAR).

Ins nogsepralowmMxcs AaBnNeHUI0 CBapHbLIX WBOB B cocyae, NpegHasHavyeHHOM ans paboTbl noa pae-
neHueMm, 310 AOCTUraeTcsl ¢ NOMOLLbLIO NPOBEAEHUSI NPUEMOMYHbIX UCMBITAaHUA TEXHONMOIMU CBapKu B COOT-
BetctBun ¢ EN ISO 15614-1:2004 unu ¢ noMoLlblO0 UCTbITAHUIA ONbITHOrO o6pasua B COOTBETCTBUU C
EN ISO 15613:2004.

B nononHeHue k TpebosaHuam EN ISO 15614-1:2004 AormkHbI NPOBOAUTLCA CrEAYIOLLME UCTIbITAHUS:

a) [ina ucnbiTbiBaeMbIX SIMCTOB B CTLIKOBbIX COEAVNHEHUAX TOMLUMHONW, paBHOX unu 6onee 20 MM, co-
rnacHo EN 876:1995 cneayeT BbiNOMHATL NPOAOSIbLHOE UCMbITAHWE Ha pacTsHKeHWe Afsl CBapHbLIX LUBOB,
MMEIoLLUX MUHUMATLHLIA AuaMeTp, paBHblit unyu 6onee 6 MM, u 3HaveHus Ry, Rm U As AOMKHbI COOTBETCT-
BOBaTb YKa3aHHbIM MUHUMaSIbHBLIM TpeGoOBaHWMAM NO OCHOBHOMY MaTepuary wnu TpeboBaHuAM no pacxoa-
HbIM MaTepuanam Ansa ceapku, onpegeneHHbiM B EN 13445-2:2002, 4.3.5, wnu xe apyruM NpUMeHUMbIM
3Ha4YeHUAM, cneLmarnbHO YYUTLIBaeMbIM B NpoekTe (HanpuMep, ayCTeHUTHbLIN NPUCaoYHbIN MeTann B cove-
TaHum ¢ 9%-HOW HUKENeBOW CTanblo).

Ecnu pacyetHas Temnepatypa npesbiwaeT 300 °C, ucnbiTaHue cnepyet NpoBOAUTH NPU PacvEeTHOW
Temneparype.

MpumMeuaHue 1 — OyeHb BaXHO, YTO6bI GbINO yKka3aHo, rae MexaHu4eckue XxapakrepucTMki CBapHOro LWBa HUXe Xa-

PaKTEPUCTUK OCHOBHBIX MaTEpUarnos Mo NPoeKTy, Hanpumep, ceapka 9%-Hoi HUKENeBoi cTann BbLINOIHASTCA ¢ UC-

nornb3oBaHueM ayCTeHUTHOroO Nnpucago4vyHoro metanna.
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b) Heob6xoaumo BLINOMHATL MUKPOCKOMMYECKOE UCTbiTaHue Ansa matepuana rpynn 8.2 u 10 cornacHo
EN 13445-2:2009, Tabnuua A-1.

— TpeGoBaHusi N0 CBapHbLIM LLUBaM, Matepuan rpynnbl 8.2: MMKPOCKONUYECKOE UCTbITaHWEe AOMKHO NPo-
[EeMOHCTPMPOBaThb NPUEMIIEMYIO MUKPOCTPYKTYPY.

MNpumeyanue 2 — Pegkne M30NMpOBaHHbLIE MUKPOTPELLUMHBI ANMHOA S 1,5 MM MOTyT GbITb AOMYCTUMbI, HO AOSMKHbI
6bITb YKa3aHbl B OTYETE.

— TpeboBaHusi N0 cBapHbIM LIBaM, Marepuan rpynnbl 10: MUKPOCKONUYECKOe UCMbITaHMe AOKHO Npo-
[EMOHCTPVPOBaTb NPUEMIIEMYIO MUKPOCTPYKTYPY.

— Copepxanue cepputa B 30He Tepmuyeckoro BnusiHua (HAZ) nomkHo Gbitb Mexay 30 % MUHUMYM U
70 % makcumyM. B 30He TEpMUUECKOro BMUSIHUS BLICOKMX TeMnepaTyp Ha pacCTOSIHUM OKOJIO ABYKPaTHOrO
pasMepa 3epHa OT NMHWUK ONnaeneHusl, cogepxaHue eppuTa A0MKHO GbiTb paBHO UK MeHee 85 %. Ecnu
ucnosnb3yeMble pacxogHble MaTepuarbl i CBapku OTHOCATCA K TUNY ayCTEeHUTHO-(heppUTHOrO cornacosa-
HUA, coaepxaHue (pepputa B METanmne CBapHOro LBa TaKke fomkeH 6bitb mexay 30 % u 70 %. Conepxa-
Hue deppuTa criegyeT vsMepATb Metannorpadgpuyeckum criocoboM. Ecnu pacxopHble matepuansl gns
CBapKM MMEIOT HECOIMacoBaHHbIA TWN (HaNpUMep, ayCTEeHUTHBIR), TpebosaHue no copepxaHuio epputa B
MeTarnne cBapHOro LBa He NpPUMeHsieTcs.

Mpumeyanue 3 — lNpeaensHoe OTKIOHEHME MeTannorpaduveckux MaMepeHumi Yacto cocraBnsiet 15 %.

c) VcnbiTaHue Ha yaap: MCNbITaHUMS U KPUTEPUM NPUEMKM AOSKHbI COOTBETCTBOBATh TpeGoBaHUAM
EN ISO 15614-1:2004; kpoMe 3TOro AOSDKHbI NPUMEHATLCA TPeGOBaHWUA MO UCTILITAHWIO Ha yaap COrnacHo
EN 13445-2:2009, npunoxexue B.

TpeboBaHus AnsA ayCTEHUTHbLIX CTariei CM. Takke B 8.2a)2) faHHOW YacTu cTaHaapTa.

[ins cBapHbIX LIBOB, KPOME LUBOB, NOABEPraloLLNXCA AABNEHWIO, HANPSAMYIO MPUMBIKAIOLLMX K COCyAaMm,
npegHasHauyeHHbIM AnsA paboTbl NoA AaBneHUeM, Hanpumep, c6opHble 060461, ONOPHbLIE CTOMKK U T. f., Che-
uncbvKaLmMmM TEXHOMOMMU CBapPKW MOXHO NPUHUMATh C NOMOLLLIO AOKYMEHTOB 00 yTBep)XAeHUM TEXHONormu
CBapKu, BbinonHsieMbix B cootBeTcTBUM ¢ EN ISO 15611:2003 n EN 1SO 15612:2004.

Ecnu Heobx0oaMmo, OKyMeHTbl 06 yTBepXAeHUM TEXHONOMMN CBapKW AOMKHbI BbiTb 0A06peHbl koMne-
TEHTHOW TpeTbeid CTOPOHOM, KOTopas AOrKHA BbIMNONHUTL NPOBEPKU W UCTIbITAHUA COMMACcHO YKaszaHWAM
craHpapta EN ISO 15614-1:2004 v aaHHOrO NyHKTA.

I'IpumeanMe 4 — Ins Bcex KOHTPOJbHbIX OTPE3KOB ANs UCNbITAHUA AonyckaeTca 3akniovieHue npoussoautTenem

KOHTpakTa ¢ cy6no,qps|,qqukom Ha NOAroToBKY oﬁpaau,os ans UCNbLITAHUHA U HA UX ucnbitTaHne, HO He Ha cBapKy 06-

pa3LoB 4115 UCTIbITaHWIA.

7.4 Ksanudpmkauma cBapLMKOB U ONepaTopoB CBapKu

CeapLuuk1 1 onepaTtopbl CBapku AOMKHbLI MONMy4UTb paspelleHue B cooTBeTcTBuM ¢ EN 287-1:2004 unu
EN 1418:1997 cooTBETCTBEHHO.

MpumeyaHve 1 — OB6yyveHue, HabnogeHWe U KOHTPOSb CBAPLUMKOB W ONepaTopoB CBapKX OTHOCUTCSA K 06s3aHHO-

CTAM Npou3BOAUTENS.

MpouasoauTens AomkeH nogaepxuBaTb OGHOBNSIEMbIA CMUCOK CBapLUMKOB U ONepaTtopoB CBapkw,
a Take perucTpaumio UxX KBanuUKaLMOHHbIX UCTIbITaHWA.

B cooTtBeTcTBMU C ycriosusimu 287-1:2004 HeobxoavMO NpOBOAWTL NpoaneHue (Kaxable 6 mec) u no-
BTOPHbIE KBanuduKaLUOHHbIe UCTbITaHWA (Kaxabie ABa roaa).

CeugeTenbCcTBO, paspellaiollee nposefeHe MPOASEHUS U MOBTOPHbIX KBanUUKALMOHHbBIX UCMbITa-
HWiA, HEOBXOAUMO yTBEpXaaTh Kak MUHUMYM Kaxable ABa roga.

MpuMeyaHue 2 — MoryT NpuBneKaTbcsl CBapLLMKK, He BXOAsLUMe B LITAT NPOMSBOAUTENS, NpY YCIOBUM, YTO Haxo-

OSATCA NOA MOSHbIM TEXHUMECKAM KOHTPOSieM MPOW3BOAUTENS U BbINOMHAKT paboTbl B cooTBeTCTBUM ¢ TpeGoBa-

HUAMU NpoU3BOAUTENSA.

7.5 NMpucagoyHble MeTannbl U BCnoMoraTenbHbIe MaTtepuanbl

TexHuveckue ycnosus NOCTaBKU PacxOAHbLIX MaTepuanoB ANS CBApKU OOMKHbI COOTBETCTBOBATL Tpe-
6oBaHuaM EN 13445-2:2009. MNpucagoyHbie MeTansbl U BComoraTenbHble MaTepuanbl HeobxoaumMo peru-
CTPUpOBaTh U OHU AOMKHLI ObITb NPUroAHLI AN UCNONb30BaHUA C OCHOBHLIMM MeTannamu ans cnocobos
CBapKu U YCINOBUWIA M3rOTOBNEHUS.

XpaHeHue u obpalieHue ¢ niobbiMu pacxoaHLIMU MaTepuanaMu Ans cBapku AOIDKHO OCYLLEeCTBNATLCA
aKKypaTHO W UCMONb30BaTb UX CneayeT B COOTBETCTBUM C YCIOBUSIMU, onpeaesieHHbIMU Npou3BoauTenem
pacxofHbIX MaTepuanoB Ans CBapKu.

I'Ipumeanue — 3710 0cobeHHO BaXXKHO, eCInu yka3aHO npokanusaHue U BbiCyluuBaHue.
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3OnekTpodbl, NPUCaaOYHYI0 MPOBOMOKY U MPYTKU U (Priiockl, MMeEKoLMEe MPU3HaKW MOBPEXOEHUs UMu
YXyOLWEHUs1 COCTOSIHUS, TakMe KaK TPELUWHbI UMK OTCNOEHWE MOKPLITUS, PXaBas UMK 3arpsisHeHHas! arnek-
TPOAHasA NPOBONOKA, HEMb3sl UCMONIb30BaTb.

7.6 MNoaroTroBka coeAMHEHUA NoA CBapKy

MaTepuansl crnegyeT paspesats Mo pasmepy v (hopMe ¢ NMOMOLLBIO NPOLIECca MeXaHUYECKON Unu Tep-
MWUYECKOMN peskn Unu KOMEUHaLMK 3TUX BUAOB Pesku.

MpumeyaHne 1 — Peaky MOXHO BLINONHATL Nepes onepauusiMi UK Mocrne onepaumii LUTamroBKu.

Ecnu npumetsieTcs Tepmyyeckas peska, Heo6xoaMMo NpuHUMaTb Mepbl, obecneunsaloLme, YTO KPOMKU
He ByayT noaBepraTbCA OTPULATENBHOMY BO3AEACTBUIO OTBEPXKOEHMA.
MpumeyaHWe 2 — [insi HEKOTOPbIX MaTepUanoB 3To TpebyeT NpeABapUTENbHOrO HarpeBaHus nepen Peakoi.

Kpasi dhepputHbIX cTanei, kotopbie o6pe3aloTcs ¢ NOMOLLbID TEPMUYECKO npoueaypbl, Heo6xoauMo
3ayuwatb ¢ nomollbto WwnndoaHus unv o6paboTku Ha cTaHke, ecnu aTo TpebyeTcA cornacHo cnewuduka-
LUK TEXHOIOrMU CBapKM.

CaapuBaeMbie NOBEPXHOCTM HEOOXOAMMO TLLATeNbHO OYMLLATb OT OKcKAa, Harapa, MachisiHbIX CMa3ou-
HbIX MaTepuaroB ¥ OT APYrMX NOCTOPOHHMX BELLECTB, OHW He AOMKHbI UMeTb Ae(PEeKTOB, TaKUX Kak BKpan-
neHus, TPeLmMHbI U PaccrioeHus, KOTopble MOTYT OKa3aTb OTpyuaTensHOe BO3[eiCTBMe Ha KavyecTBO cCBap-
HOro LWIBA.

CBapviBaeMble kpas crieayet YAepXvBaTb B HEMOABWKHOM MOMNOXeHUM N0 MexaHMYEeCKu, C NOMOLLbIO
BPEMEHHbLIX KpenneHuin, MM6o ¢ NMomMoLLbio MPUXBATOYHbLIX CBapHbIX LUBOB, MMG0 C MOMOLLLIO KOMOUHaLMK
aTuX crnocoboB.. MNprxBaToyHble CBapHble LUBbI JOIHKHbLI YAANATLCA UMK CHOBA OMMaBNSATLCA B HannaBneH-
HOM Barnuke cBapHoOro LBa (cM. npumeyaHve 3). B o6oux cnydasx npoussoauTess AomkeH o6ecneynTb Bce
Mepbl NPeJOCTOPOXHOCTM Af1S1 TOro, YTOGbl NPUXBATOYHbIE CBapHbIe LUBbI UM BPEMEHHbIe KpensieHus, unu
KkombuHaums aTux cnocobos, He co3gaBan MeTannypruiecknx 4edeKToB UMK HapyLlieHue O4HOPOAHOCTHU.

Mpumeyanme 3 — [lonyckaeTcs NpUMEHeHNe NPUXBaTO4HbLIX CBaPHLIX LUBOB M WX BKMIOYEHWe B 3aBEPLUISHHbIN cBap-

HOW LUOB, €CNW OHW ObINK BbINOSIHEHLI B COOTBETCTBUM C YTBEPAEHHOW TeXHOmnorueii cBapku NpolieawMmMm Kea-

nucmKaLmio ceapLiMKaMu.

Ecnn ucnonb3ayloTc 04HOCTOPOHHUE CBapHble LUBbI, NPOM3BOAUTENb AOMkKeH o6ecne4ynTb COOTBETCT-
B/€ BblpaBHWBaHUA W 3a30pa Mexzy CBapuBaeMbIMU KpasMu s HeobXxoaumMoii rnyOuHbl NnponnasneHus B
BepLUMHe pa3fienikv KpOMOK CBapHOro LUBA.

B TeueHue Bceit npoueaypbl CBapKU, CBApMBAEMbIe Kpasi IOIDKHbI Y1IePXUBATLCA Tak, YTOObLI Obinu co-
6nioaeHbl A0NYCTUMBIE OTKIOHEHUS1 Ha BbipaBHUBaHWE, onpeperneHHbie B 5.2.

7.7 BoinonHeHue CBapHbLIX COeAVHEHNN

CBapLUMK JOMMKEeH UMETb NPUMEHSIEMYIO cneLudUKaLMIo TEXHONOMMK CBapku uny nogpobHble pabouune
MHCTPYKUMM Ha OCHOBE YTBEpPXAEHHOM crieumdukaLlmm TEXHOMOrUM CBapku, onpepensiowme Bce CyllecT-
BeHHble NepeMeHHble BESIMYUHDI, PETYNIMPYEMble HernoCpPEACTBEHHO CBaPLLNKOM.

B 3aBucumocTu ot cnocoba cBapku nocne BbINOMHEHUs1 KAXAOro CBApHOro LUBa HEO6X0AUMO yaanaTb
OKanuHy, ouMLlaTh CBapHOI LUOB, @ Takke YCTpaHSITbL NOBEpPXHOCTHLIe AedekTsl, uTobbl Ao6uTbCcA Hagne-
Xallero Ka4yecTBa MeTarnrna CBapHOro LUBa.

Ecnu cnoco6 cBapku He obecneunBaeT 3¢pdEeKTUBHOrO U MOMNHOrO NponnaeBneHus, Heo6xoauMo yaa-
NUTL BTOPYIO CTOPOHY CBapHOrO COeAMHEeHUs1 [0 Mybokoro Metanna ¢ NOMOLLbLIO MEXaHWYECKON unu Tep-
Muyeckoi 06paboTku MU C MOMOLLBIO LLINTUCDOBKMU.

Cnepyet usberatb KpaTepoB B pe3yribTaTte KacaHus MeKTPOAIOM Ha YacTsAX cocyAa, npeaHasHauYeHHoro
ansa paboTbl nog AaBreHveM, Mo Kpasim NMoAroToBku oA ceapky. Ecnu cnyyaitHo BO3HUKAIOT KpaTtepbl, He-
06x0aAMMO BLINOMNHSATL PEMOHT NMOBPEXAEHHOW 30HbI (BKIMIOYasA 30HY, MOBPEXAEHHYIO HakanMBaHUEM) B CO-
ortBercTBMM € 11.1.

HeobxopuMo percTpupoBaTh AOKYMEHTarNbHO, KTO U3 CBapLUMKOB MW U3 ONepaTopoB CBapKu BbIMOm-
HSN KaXAbIA CBApHOW LLIOB.

MpumeyaHue — PerucTpaumio MOXHO BbINOMHSTL C NMOMOLLLIO MAPKUPOBKN KX/0M0 CBAPHOrO LWBa UAEHTU(MKALM-

OHHOIA OTMETKOW CBApLLMKA UMM XE C MOMOLLBIO 3anucu, obecneunBaloLieii oTcnexusaHue paboTbl ceaplumka B

TeueHUue BCEro CTpOUTENbCTBA COCyAa, paboTalowwero nox AaBneHueMm.
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7.8 KpenneHus, onopbl U 3MeMeHTbI XXeCTKOCTU

KpenneHus, BpeMEHHbIe UIU NOCTOSIHHBLIE, OMNOPbl U 3NEMEHTbI KEeCTKOCTU [OMMKHbLI NPUBapUBaTLCA K
YacTu, NoABepraloWencs AaBneHuIo, KBanuuLMpoBaHHbLIMU CBapLIMKAMKU C UCNOMNb3OBAHMEM aTTEeCTOBaH-
HOW TexHornoruu.

BpeMeHHble KpenneHusi A0MKHbI yAansiTbCsl CnocoGoM, KOTOPLIA He BNUSIET OTpULIATENbHO Ha XxapakTe-
PUCTMKM MeTanna vyactu, paborarolleil noa AaBneHUEM, K KOTOpoi OHU npusapusatoTcs. Heobxoaumo cne-
OWUTb, YTOObl B 30He yAansieMoro KpernneHus He GbU10 NOBEPXHOCTHbIX TPewWmH. PEMOHT AO0MmKeH BbINOS-
HSATbCA B COOTBETCTBUM C NyHKTOM 11.2.

XornogHo WTaMrnoBaHHbie BbiNyKible Topubl U3 (heppUTHLIX cTasneil 6e3 nocneayiowein TepM1M4eckon
06paboTku Henb3a cBapMBaThb UK NoKarnbHO HarpeBathb o Temnepatyp ot 550 °C go 750 °C Ha CTbIKOBOM
yuacTke neperu6a.

7.9 MNpeasaputensHOe HarpeBaHue

MpoussoauTens B cneumdUKaLUm TEXHONOMMM CBapKU AOMKEH yKasaTb TemnepaTypbl npeasaputenb-
HOro HarpesaHus W, €ciiu aTo BaXKHO, NPOMEXYTOuHbIe TeMMepaTypbl, HeobxoauMble Ans ceapku. Temnepa-
Typy NpeaBapuUTensHOro HarpeBaHusi criefyeT OnpeaensTh C YY4eTOM COCTaBa U TOMWUHbLI CBApMBAaEMOro
MeTanna, ucnonb3yeMoro crnocoba cBapkv 1 NapaMeTpoB AyTu.

MpumeyaHue — YkasaHus no npeABapuTeNnbHOMY HarpeBaHuio (peppuTHbix cranei AaHbl B EN 1011-2 [4], peko-
MeHZaLMKU NO KOHTPOMIO NpefBapUTenLHOro HarpeBaHus npusoasTces B EN 1ISO 13916 [6).

Temnepartypy NnpenBapyTENbLHONO HarpeBaHUsl, yKasaHHyIo B creLuimKaLmMm TeEXHONOMKN CBapku, Heob-
XOAUMO NOAAEePXXUBaTH BO BPEMS! BbINOMHEHUs NPUXBATOMHOrO CBApHOIO LIBa U B TeUYEHUe BCel npoLieayphbl
cBapku. CobniogeHne Temneparypel NpeABapUTENbLHOrO HarpeBaHus cneayeT NOCTOSAHHO KOHTPONMpPOBaTh C
NOMOLLIbIO NOAXOASILLUX U3MEPUTENBHBLIX UHCTPYMEHTOB UMW FPafyCHUKOB.

Ecnu Temneparypa OCHOBHOrO Metanna Bbnusu coeguHeHnsa Huxe +5 °C, CBapKy BbINONMHATb HEMb3S.

8 U3roToBneHue n KOHTPOIb CBapHbIX WBOB. MPOU3BOACTBEHHbIE UCTILITAHUS

8.1 O6wwue nonoxeHus

Ins ocywecTBneHUs KOHTponsA ¢paKkTU4eckoro KayecTBa M3roTOBNEeHUst U COOTBETCTBUS MeXaHU4eCKUX
XapaKkTepuCTUK CBapHbIX LUBOB cneundukaumm HeobXxoguMo BbIMOMHATL CBApKy WU NPOBEPKY NMCTOB ANA
NPOV3BOACTBEHHOrO UCMbITAHUA B COOTBETCTBUM C 8.2 1 8.3.

JIncTbl NPOM3BOACTBEHHOIO UCTLITAaHUA NMPUMEHSIOTCA ANA KOHTPOMA NPOAONbHLIX KOpNycy U Kormblie-
BbIX CBapHbIX WBoB (cM. EN 13445-3:2009).

Ocobble TpeGoBaHWUA NPUMEHSIIOTCA K COCYAAaM U K YacTsiM COCYA0B, U3rOTOBIEHHbIM U3 cTanei TepMo-
MEXaHWU4ecKoro npokara (rpynna 2.1) 1 13 3akaneHHbIX U OTNyLLEHHbIX cTanei (rpynna 3.1). Cm. 8.2f).

MpumeyaHue — Ecnin B cocyae MMEETCS OQUH UMM HECKOMNbKO NMPOAObHBIX LBOB, UCTIbITATENbHbIE NMUCThI TaM, r4e

9TO NpPUEeMNEeMo, CrieflyeT 3aKkpennsTh K TMCTY KOpryca ¢ OJHOMO KOHL|A CBapHOIo LUBa Tak, YToObl CBapuBaeMbie

KPOMKU Ha UCMbITaTeNIbHOM NUCTe ABNANUCH NPOAOIDKEHUEeM U NOBTOPEHMEM COOTBETCTBYIOLLMX KPOMOK NpoAOIb-

HbIX WBOB. MeTtann CBapHOro wBa AOMMKeH ObITb pa3MelleH Ha ucnbiTaTenbHbIX NMACTax BAOMNb BbLIMOMHEHUA COOT-

BETCTBYIOLLIero NpoaonbHOro cBapHOro LwBa Tak, YTOGbI npotecc, cnocob u TexHonorus CBapKu coBnaganu. Ecnun

Tpe5yeTc;| cBapuBaTb UCNbiTaTeNbHble JIUCTbl NO OTAENIbHOCTHU, UCMOoNb3yeMasi TeXHOJNIOMMA AOJDKHa NMOBTOPATb

TeXHOIoruo, UCnonb3yemMyto B U3rotToefieHUM cocyaa.

Ecrnu BO3HMKaIOT CIOXHOCTU C 3/IEeKTPOLLNAKOBbIMU CBApHLIMU LUBaMU B NEpeMelLeHUn OT CBapHbIX
LUBOB C pa3HbiMK uarubamu (Hanpumep, OT LMNUHAPA K NAOCKOMY SIUCTY KOHTPOJSILHOTO OTpeska), UchbiTa-
TesbHbIA JIMCT MOXHO CBapuBaTh OTAENbHO NMG0 HENOCPeACTBEHHO Nepes BLINOSIHEHWEM UNnu cpasy nocrne
BbIMNOJSHEHWS CBAPHBLIX LUBOB COCY/Ia, C NOMOLLbI0 OIMHAKOBbLIX NapameTpoB CBapKM.

Korpa ucnbiTatenbHbie NMUCTLI TpeByIoTcA AN KOMbLEeBbIX CBapHbIX LWBOB, WX CrieaQyeT cBapuBaTh OT-
JernbHO OT COCyAa NPU YCMOBUM, YTO CMOCO6, MCMONb3yeMbiit B UX BbINONHEHWW, AyGNMpYeT, HACKOMNLKO 3TO
BO3MOXHO, TEXHOMOTUIO, UCTOMNb3YEeMyI0 NPU BbiMONHEHUA COOTBETCTBYIOLMX CBAPHBIX LIBOB COCYAA.

8.2 KoHTponbHble kpuTepumn

[Jarnee npuBoasaTCA KpuTepuu onpeaeneHwsl Konu4ecTsa NUCTOB ANA NPOU3BOACTBEHHOrO UCTIbITAHUA.
OHU 3aBUCAT OT MaTtepuana, ANWHLI CBAapHbLIX COeAWHEHWA, TONWMHLI, Tepmudeckoit obpabotkm nocne
csapku (PWHT) u koadpduumeHTa coeguHeHnss ana kaxaoi aTTeCTOBAHHOM TexHonorun csapku. Ocobbie
NOMNOXeHUs! yKkasaHbl AN UcnbiTatenbHoW rpynnbl 4. SkCnnyaTauuoHHbIe UCNbITAHUA NUCTOB ANA NPOU3BOA-
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CTBEHHOro ucnbiTaHns 3aBUCAT OT MaTepuana v TOsNLWWHbI. Kpome TOro, ganee npMBoaATCH Taloke 4ONOMHU-
TernbHbl€ cneunarnbHbie Tpe6oaa|-|m;| K UCnbiTaHUAM Ha yoap.

a) B pononHexune k TpeboBaHusiM, onpegerneHHbIM B ¢) — f), NUCT ANA NPOM3BOACTBEHHOMO MCMbITaHUs
JormKeH NpoWTU TalKe UchbiTaHus Ha yaap (B cooTtBeTcTBUMU ¢ TpeGoBaHusiMu EN 13445-2:2009, B.3)
B CNeAyoLwmUx cuTyauumsx.

1) Ans ceppuTHBIX U ayCTeHUTHO-(heppPUTHLIX CTanei:

- Ecnv TonwuHa Matepuana npesbillaet 12 MM, a Heobxogumas Temnepatypa yaapa Ty Hwke —10 °C,
TO Temnepartypa UcnbiTaHAA Ha yoap Ans aTTecTauMOHHOro UCTbITaHUS TEXHONOrMKU CBapKu AN CBapHOro
wea, obecneurBarollan AOCTWKeHWE HeOOGXOAMMON 3HepreTuku yaapa, AomkHa Obitb He Gonee yem Ha
156 °C Huxe Temnepatypbl Tyy-

— Ecnu TonwmHa matepuana 6onbiue 6 MM, HO MeHee unu pasHa 12 MM, a Heobxoaumas TeMnepaTypa
yaapa Txy Hwke —30 °C, TemnepaTtypa UCNbITaHUA Ha yaap Anst aTTECTAUUOHHOMO MCMbITAHUS TEXHONOrMn
CBapku Afs CBApHOro WBa, obecneymBaroLlas 4OCTUKEHUe HeobxoauMoN aHepreTUkM yaapa, AomkHa GbiTb
He 6onee Yyem Ha 15 °C Huxe TemnepaTtypbl Tky. K TpebGoBaHUA NpMBOAATCA B Tabnuue 8.2.

Ecnu ucnbiTatensHbiil nuct Tpebyetcs cornacHo ¢) — f), To 06pa3supl ANA UCNbITaHUA HA YAAP MOXHO
oTpesaTb OT UCMbITaTeNbHOro NUCTa BMecTe ¢ o6pasLaMun Ana Apyrux HeobxoauMblx ucnbitaHuin. Ecnu me-
nbiTaTenkbHbIA NACT He TpebyeTcs cornacHo €) — e), TO KOPOTKUIA UCNbITaTemNbHbIA JIUCT ANMUHOW, AocTaTou-
HOiA TONbko Ans NpoBeAeHuss Heo6XOAUMbIX UCTIbITAHWUI Ha yaap Mioc AoNyLieHne Ans NOBTOPHbLIX UChbITa-
HWiA criedyeT NMoAroTaBnMBaTh C NEPUOAUMHOCTBIO OAWH MUCTbITATENbHBIA JIMCT Ha KaXAdblA cocyn, cBapu-
BaeMblii TakumM e criocobom, kak NpofonbHble CBapHble LBbLl. Ecnv ogHOBpemMeHHO cBapuBaeTCA HeCcKosb-
KO OIMHaKOBLIX COCY[0B OAMHaKOBbIM CMOCOGOM CBapKu C UCMOSb30BaHWEM OAHOM NapTUM pacXoAHbIX Ma-
TepuanoB Ansi CBapKW, OHU MOTYT BbiTb NPeACTaBNEeHb OAHUM NMPOU3BOACTBEHHBIM UCMLITAHNEM ANA UCTbI-
TaHW Ha ygap MakCMmyM A0 25 M NpogonbHOro CBapHOro LUBA MO COMMALLUEHUIO OTBETCTBEHHbIX CTOPOH,
€GNy 3T0 Heobxo0aAUMO.

Ta6nuua 8.2 — UcnbiTaTenbHbIA NUCT ANA 06A3aTeNbLHOro NPOM3BOACTBEHHOrO KOHTPONSA ANA UCNbLITAHUKA

Ha yaap
TonwuHa o Tkv<-10°C2-30°C Tiv <30 °C
Tkwz-10°C
CBAPHOO LLIBa Tear S Tkv =15 °C | Trar > Tkv—15°C | Tear S Tkv—15°C | Tear> Tkv—15°C
<6 MM Het Het Het Het Het
>6<12MM Het Het Het Het Oa
>12 Mm Hert Het Ha Het Ha

Tror — TEMNEPATYPA UCMBLITAHUA HA yaap, NpUMEHsieMasl B COOTBETCTBYIOLLIEM UCTIbITAHMM HA aTTecTaumio TEXHOMNOMU
CBapKu Ans AOCTWKEHUs HeoOX0AUMOIA 3HEepreTuku yzapa.
Tkv — HeobxoauMas TeMrnepaTypa UcnbiTaHuA Ha yaap cornacHo EN 13445-2:2009, npunoxeHue B.

MpumeydaHue 1 — [ins yrnepoaMcTbix cranei B rpynnax 1.1 u 1.2: Korga aaHHbie PQR nonyyeHbl Npu TeMnepartype
UCMbITaHUs, OTNMYAIOLLEHCA OT HEOOXOAVMONM TeMnepaTypbl UCTIBITAHUS HA YAap, MOXHO BLINONHUTL Npeobpa3o-
BaHVe B Temnepatypy obuiei ocHoBbl no npuHumny 1,5 bk Ha °C. Takoe npeoGpa3oBaHue AOMyCKaeTCA TOMbKO B
uHTepBane ot 18 Ix no 55 [k ynapHoi Baskoctu no Lapnu, onpepensiemoit Ha obpasuax ¢ V-06pasHLIM Hagpe-
30M. 3HaueHus, npesbiwaowwme 55 bk, AomkHbI paccmaTpuBaTthes kak 55 k. CooTHoweHue 1,5 bk Ha °C MOXHO
MCMONb30BaTh Talkke ANA onpeAerieHUsl peryriMpoBKA TeMnepaTtypbl NPy MOMbITKe CPaBHUTL AaHHbIe Npu oBLUX
YPOBHSAX 3HEpreTMku yaapa, 0gHaKo OHO He MOXeT NpeBbiLLaTh NoHWKeHus Ha 15 °C.

Mpumep 1 - lpeo6pasoeanrue 33 [Pk npu Tpar —20 °C no omHouleHuio k 40 [pk:

33 [x npu —20 °C MoxHO paccMampueamb Kak axkeueanenm 40 x npu—15 °C.

TMpumep 2 - Mpeobpasoearue 100 [k npu Tpar —20 °C no omHoweHuio k 40 [k (o2paHuvyeHUe MaKCUMyM
do 55 [x):

100 O npu —20 °C MOXHO paccmMampueams Kkak 3xeusanenm 40 [bx npu —30 °C.

IMpumep 3 - Mpeobpaszoearue 100 [k npu Tpar —20 °C no omHouieHuio K 27 [k (o2paHuvyeHUe MaKCUMyM
0o 55 [k u noHuXeHue MakcuMym Ha 15 °C):

Ans 100 [k npu —20 °C MOXHO ucnosib3o08amb 3kausaneHm 27 [Pk npu memrepamype He Huxe —35 °C.

2) J1nsA aycTeHUTHbIX cTanen:

Korga muHumanbsHas pacueTHasa Temnepatypa TM cocyna Hwke —105 °C, cBapHOM LWOB M 30HbI TEPMU-
YeCcKOro BIUSIHUA AOSDKHbI COOTBETCTBOBaTbL MMHUMYM 40 [DK BO BpeMsi ucnbiTaHUA Npu Temneparype
-196 °C.

[MpymeyvaHue 2 — B npakTuyeckux Lenax Temneparypa ucnbitaHus —196 °C craHgapTUavMpyeTcst Ans UCTIbITaHUA

ayCTEeHUTHbIX cTaneil Ha ocHoBe kakol-nu6o pacyeTHoi TeMnepaTtypbl Hwke —105 °C.
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Ans npucapgoyHbix MetannoB Tuna 19 9L, 199 Nb, 19123 L, 19123 L Si, 19134 N L, 25 20 L,
25222 N L, 27 31 4 Cu L v npucapgo4HbIX METanmnoB Ha OCHOBE HUKENS 3TO MOXHO NMPOLAEMOHCTPUPOBaTL B
aTTeCTALMOHHBIX UCTIBITAHUAX TEXHOMOMMW, U AONOMNHUTENbHbIE NTUCTLI AN NPOU3BOACTBEHHOTO UCHbITAHUS
He TpebyloTes.

[nsa metannoB cBapHbIX LUBOB C APYrMM COCTaBOM W TaM, FAe coaepXaHue eppuToB B MeTannax
CBapHbIX WBOB npe.bilaeT 12 FN, Kaxpgasa napTus MeTannoB CBapHbIX LUBOB AOMMKHA NnokasbiBaTb Heobxo-
OVMble XapakTepucTUKW YOAapHOM BA3KOCTU, UMW ONS KaXAO0ro cocyaa AOMKHbI NpoBOAMTLCHA NpOM3BOACT-
BEeHHbIe UCMbITaHWA NIUCTa Ha XapaKTepuCTUKy yaapHOW BA3KOCTU Npu Temnepatype —196 °C.

MpymeyaHue 3 — O6o3HaueHUss NpucagoyHbIX MeTanmnoe cM. B EN ISO 14343.

b) [ins cBapHbIX LWBOB B COCyAax ucnbitatensHoi rpynnbl 4 {cM. EN 13445-5:2009) He TpebytoTcs nuc-
Thl AN NPOU3BOACTBEHHbLIX UCTIbITAHUNA.

c) CywiecTtByeT cTporas B3aMMOCBS3b Mexay cneuudukaLuuein TexXHONOrMM Ceapkm M MexaHU4eCKUMU
XapaKkTepucTMKamu, norny4yeHHbIMU B aTTeCTaLUoHHOM UCMbITAHUM TeXHONOrMK ANs rpynnbl MaTtepuanos 1.1.
Bnarogaps gonycTMMbIM OTKIOHEHWAM ANS rpynnbl Mmatepuanos 1.1 Ha nepemMeHHble BenuuuHbl crnocoba
CBapku, NPOWU3BOACTBEHHbIE UCTILITAHUA He TpebyloTcs, ecnu cobniofieHbl Bce creayoLme YCroBust:

1) BoinonHeHbl TpeboBaHMsi nNo kayecTBy cBapkM cornlacHo EN ISO  3834-2:2005 wnu
EN ISO 3834-3:2005.

2) Mpouecc cBapky NONMHOCTLI0 MexaHusuposaH (cMm. ISO 857-1 [3]), uto oGecnieunsaeT To, YTO Haane-
Xalmm o6pa3oM NpUMeEHSIETCS TEXHOSIOMUS CBapKM.

3) B cneundmkaummn TexHonormm csapku He umeetcsi TpebGoBaHWA K NpenBapuUTenbHOMY HarpeBaHuIo
unu K Tepmudeckoin obpabotke nocne cesapku (PWHT).

4) TonwmHa CTeHOK e, < 30 MMm.

d) [ina cocynoe, narotaenusaembsix U3 marepuanos rpynn 1.1, 1.2 n 8.1, AOMKXHbI NPUMEHSTLCS Crie-
OytoLme noroXeHus:

1) [ns npogonbHbIX CBapHbIX LWBOB OAWH UCTbITAaTENbLHLIA IUCT Ha KaXAbIA COCyA, €Cnu KoadduumeHT
coeguHeHus coctasnseT 1,0.

2) OAuH vcnbiTaTenbHbIA NUCT Ha kaxable 200 M NPOAONLHLIX CBApHbIX LUBOB, ecnu koadgUUMEHT co-
eguHeHus coctaensieT 0,85, unu cBapHbIX LWBOB B AHULLIE, 3a UCKNIOYeHMEM nonycdepuyeckoro gHuula, ec-
nu koadpuumeHT coeauHeHus coctaensert 1,0.

3) OavH ucnbiTaTenbHbIA NACT B FOA, SCIU KONbLEBbIe LBLI BLINOSHAIOTCA C NPUMEHEHWEM TeXHOMoru,
BKIIOMAIOLLEN B ce6S LLUNYHTOBLIE COEAMHEHWUA Ui NOCTOAHHbIE NOAKNaaHbIe Nonockl (cM. 6.3).

Mocne TOro, kak ucnbiTaHUs ycnewHo npownu 10 nocnenoBaTenbHbIX UCNbITATENbHbLIX NMCTOB, UCMbI-
TaHUA MOXHO COKpaLLaTh crneaylowmm obpasom:

4) OavH ucnbITaTenbHbIA NUCT Ha Kaxablie 200 M NPOAONbHLIX WBOB, €Cny Ko3(h(PULUMEHT coeguHeHus
coctaenset 1,0.

5) OavH nUcnbiTaTenbHbIA NUCT Ha kaxabie 1500 M NPOAONBHLIX WBOB, €CNU KO3 ULIMEHT coeMHeHUs
coctaensieT 0,85, UnNu ceBapHbIX WBOB B AHULIE, 32 UCKNIOYEHUEM nonycdepu4eckoro AHulla, ecnu koad-
duumeHT coeauHeHus coctaensiet 1,0.

6) OauH ucnbiTaTenbHbIA NIACT B rof, €CNKU KoMbLieBble CBapHbie LBl BbINOMHAIOTCA C NPUMEHEeHUeEM
TexHomnorum, Bkniovatoleid B cebs LINYHTOBble COEAWHEHWUs WU MOCTOSHHbIe MoAKNagHble Monockl
(cm. 6.3).

e) ina cocyaos, U3rOTOBMEHHbIX U3 MaTepuarioB Apyrux rpynn, Kpome maTtepuanos, yKasdaHHbiX B d),
AOIMKHBLI NPUMEHATLCA crieayioLue NonoXeHus:

1) [na npoaonbHbLIX CBApPHbIX LUBOB — OOUH UCTILITATENbHBIA NIUCT Ha KaXabld COcyA, ecnu koadduum-
€HT coeuHeHns coctasnsieT 1,0.

2) OguH vcnbiTaTenbHbl NUCT Ha kaxabsie 100 M NPOAONbLHLIX CBAPHbIX LUBOB, €cnu koadduumeHT
coefimHeHus coctaensieT 0,85, unu ceapHbIX WBOB B AHULLE 32 UCKNIOYEHUEM norychepu4eckoro aHuLLa,
ecnu koachdhuLMeHT coeauHeHus coctaenseT 1,0.

3) Ecnu komnbLeBble CBapHble LUBbI BLIMOMHAIOTCS C NPUMEHEHUEM TEXHONOMU, OTNUYAIOLLEACS OT Tex-
HOMOrMU AN NPOAOIbHbIX COeAUHEHMIA, UCMONb3YIOTCA ABa UCNbITATeNbHbLIX NMCTa B rof AU oAUH UCTbiTa-
TenbHbIV NIUCT Ha KaXXabIA COCyA B 3aBMCMMOCTU OT MeHbluero o6bema ucnbiTaHui.

Mocne Toro, Kak ucnbiTaHWA ycnewHo npownu 50 nocnegosaTenbHbIX UCTIbITATENbHBIX IMCTOB, UCMbI-
TaHUA MOXHO COKpaLLaTh crneayloLmm obpasom:

4) OgvH ucnbiTaTenbHbIA NIUCT Ha Kaxabie 50 M NPOAONbHBLIX CBAaPHbLIX LIBOB, €cnu ko3 dULMEHT
coeanHeHus coctaenset 1,0.
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5) OauvH mcnbiTaTenbHbIA MUCT Ha kaxabie 500 M NPOAONBbHBLIX CBAPHBIX LIBOB, €Cnu KO3 dUUNEHT co-
enuHeHns coctaenset 0,85, unu ceapHbIX WBOB B AHULLE, 3a UCKINIOYEHMEM nonychepuyeckoro gHuwa, ec-
nu KoadphuumeHT coeauHeHus coctaensiet 1,0.

6) Ecnu konbLieBble CBapHbIE LUBbI BLIMOMHAIOTCA ¢ NPUMEHEHWEM TEXHOMOMU, OTNUYaloLLEeACA OT TexX-
HOMOrMK AN NPOAOIbHBIX COeAUHEHUA, UCMONBb3YIOTCA ABa UCTLITaTENbHbLIX NIUCTAa B rof UKW OAIVH UCTbITa-
TeNbHbIN NACT Ha KaXabliA COCyA B 3aBUCUMOCTU OT MeHbLLEro o6bema UcnbiTaHWiA.

f) Qna cocynoB, U3roTOBMEHHbIX U3 cTaneil TepMoMexaHudeckoro npokata (rpynna 2.1), u U3 3akaneH-
HbIX U OTNYLLEHHBIX cTane (rpynna 3.1), He3aBUCUMO OT KoadbpuLMeHTa coeUHEHUA, AOMKHbI NPUMEHATL-
cA crnepyoLme noroXeHus:

1) Ons cocyaoB, He nNoABEpraloWMxcs TepMudeckon obpaboTke nocne cBapku, AOMKHbI NPUMEHATLCA
NOMNOXEHUs1, onpeaeneHHbie B d).

2) ins NpoAONbHLIX LWBOB, BHIMNOMHAEMbIX METOAOM aBTOMATUYECKOW CBApKW, MCMONb3yeTcsl OAUH UC-
MbiTaTesbHbIA NIUCT Ha KaXAbIA COCy, Ha Kaxaylo cneundukaumio TeXHONOrMU CBapkuy, Ha Kaxaylo 3arpysky
B neYb 411 NUTbSA M TepMuyeckon ob6paboTku nocne cBapKu.

3) AnsA KONbLIEBbIX CBAPHbIX LIBOB, BbINOIIHAEMbIX METOAOM aBTOMATUHECKON CBapKWU, €CIu OHWU CBapu-
BalOTCA C MOMOLLBIO TaKoW Xe crneumduKkaLmio TEXHONOMMU CBapkK, KaK U NPoaosbHbLIe CBapHble LWBbI, A0-
NnonHUTernbHble UCTbITaTenbHble NMUCTLI He TpebytoTcA. Ecnyv oHu cBapuBaloTcs ¢ MOMOLLBIO cnevuuduKauum
TEXHONOIMU CBapKU, OTNIMYHOM OT cneuudurKaLum, UCMONb3yeMon Anst NPOAONbHBLIX CBapHbIX LWBOB, Tpeby-
€TCH OAMH UCMbITATENbHBIA JINCT Ha KaXKALIA COCyA, Ha KAyl crneunduKaLmio TEXHONOMMK CBapku, Ha Ka-
XAyI0 3arpyaKky B neyb Ans nuTbA U Tepmuyeckoin o6paboTku nocrne ceapku.

4) inA cBapHbIX LUBOB, BbINOMHSAEMbIX C MOMOLLLIO CBapKu BpY4HYI0, TpebyeTca oauH UChbiTaTernbHbIN
NUCT Ha KaXXObIA COCyA, HA Kaxaylo creLyuduKaLmio TEXHONOMM CBapKy, Ha KaXaoe MeCTOnonoXeHue ceap-
KW, Ha 3arpysKky B neudb Ans NMUTbS U TepMUyeckon obpaboTky nocne cBapku.

Mocne Toro, kak ucnbiTaHUs ycrnewHo npownu 10 nocnenosaTenbHbIX UCNbITAaTENbHBIX IMCTOB, UCMbI-
TaHUS1 MOXXHO COKpaLLaTb Crieaylowum obpasom:

5) InA NnpoAonbHBLIX CBapHbIX LUBOB, BLIMOMHAEMbIX aBTOMATU4ECKON CBApKOW — OAWUH UCNbITaTeNbHbIN
NUCT Ha KaxablA cocyn.

6) [Ins cBapHbIX LIBOB, BbIMOMHAEMbIX CBApKOW BPYYHYI0 — OAWH UCNbITATeNbHbLIA JIMCT HA KaXAbii
cocyA B MecTe Haubonee crioXxHomn cBapKu.

B npouasoacTBEHHOM UCNbITAHUW NIUCTa AOMKHBI YYUTHIBATLCH NapaMeTpbl Ana TepMudeckoin o6pabor-
ku (Tepmuyieckux o6paboTok) nocne cBapku CocyAoB, NpeAHasHaYeHHbIX AnA paboTbl nog aaBneHveM.

8.3 O6bemM ucnbiTaHUuM

Tun ¥ KONMYECTBO UCNbITaTeNbHLIX 06Pa3sLIOB, B3SITLIX M3 UCTILITATENBHOO JIUCTA NOCTe 3aBeplualowei
TepMuyeckoin o6paboTkm, AOMKHLI COOTBETCTBORaTL Tabnuue 8.3-1 B OTHOLLEHUM KOHKPETHOIO MaTepuana
1 NPUMEHSIEMOWA TOSLLMHBI.

MpumMeyaHre — Konmyectso 1 TMN UCNbITATENbHLIX 06pa3UOoB, B3ATLIX U3 UCTILITATENBLHOTO NIMCTA, 33BUCAT OT rpynnbl
MaTtepuana u TONLWnHbI.

UcnbiTatenbHbln NMUMCT AOMKEH UMETb AOCTaTOMHBLIA pasMep, Mo3Bonsowmin oTtéupatb HeobxoavMbie
o6pasLibl, BKNOYasa AOMYyCKM Ha NOBTOPHbIE UCTIbITAHUS.

Mepen peskoit o6pa3LioB ANA UCMbITAHWA, UCNbITaTeNbHLIW NUCT He AOMKeH nopBepraThcsl Hepaspy-
LIAIOLWMUM UCTILITAHUSIM AN TOro, UTobbl 06ecneunTs B3ATUE UCTILITATENbHLIX 00pasLioB U3 KaueCTBEHHbIX
Yy4acTKOB.
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Ta6nuua 8.3-1 Mpon3BoACTBEHHOE UCNILITAHUE UCTIbITaTeNbHbIX NMCTOB

pynna a b, ¢, d
M angw 2N10B TonwuHa nenblTaTenbHbIX TUCTOB € ', MM Ob6pa3Lbl Ans UcbiTaHUA
11 e<12 1FB, 1RB, 1Ma
1:2 12<e<35 3IW,1 Ma
35<e 3IW,1TT,1LT,1Ma
1.3 e<12 1FB,1RB,1TT, 1 Ma, HT
2.1 12<e 3IW,3IH,1TT,1LT, 1 Ma, HT
3.1 e<12 1FB,1RB,1TT,1Ma, HT
) 12<e 3IW,3IH,1TT,1LT,1Ma, HT
4 e<12 1FB,1RB,1TT, 1 Ma, HT
12<e 3IW,3IH1TT,1LT,1Ma, HT
e<12 1FB,1RB,1TT, 1 Ma, HT
3IW,3IH(>3%Cr),1TT, 1LT,
5 12<0530 s Mo T )
30<e 3IW,3IH,1TT,1LT,1Ma, HT
6 e<12 1FB,1RB,1TT, 1 Ma, HT
12<e 3IW,3IH,1TT,1LT,1Ma, HT
7.1 es12 1FB,1RB,1TT, 1 Ma, HT
7.2 12<e 3IW,3IH,1TT,1 Ma, HT
8.1 e<12 1FB,1RB,1TT, 1 Ma
) 12<e 3IW,1TT,1Ma
8.2 es12 1FB,1RB, 1TT, 1 Mi
) 12<e 3IW,1TT,1Mi
9 es12 1FB,1RB, 1TT, 1 Ma, HT
12<e 3IW,3IH,1TT,1LT, 1 Ma, HT
10 es12 1FB,1RB, 1TT, 1 Mi, HT
12<e 3IW,3IH,1TT,1LT, 1M, HT

2 TonwwmHa Hambonee TOHKOro NucTa.

® Ecrv TpeGoBaHus! K CTILITaHMIO Ha yI1ap COOTBETCTBYIOT ykasaHusim EN 13445-2:2009, npumeHsieTcs npunoxenue B:
— NpY TeMnepaType UcnbitTaHus Ha yaap Ty 2 —30 °C ucnbiranHua Ha yaap IW u IH tpebytotcs ansa TonwwmHbl € > 12 MMm;
— Npu Temneparype ucnbitaHus Ha yaap Tiv < =30 °C ucnbitaHus Ha yaap IW u IH TpebyioTcs Ans TonwwmHb! e > 6 Mm.

¢ UndpopMaLmio 06 orpaHUHEeHUSX TOMLWIMHBLI ANSA UcnbitaHui LT cum. B 8.4.3.
PaclwmdpoBka 0603Ha4eHuin Tabnmupl 8.3-1 npuoguTcs B Tabnuue 8.3-2.

Ta6nuua 8.3-2 — O6pas3ubl ANs UCNbITaHUA

OnucaHue CokpalueHue

McnbiTaHue Ha narmb nuueBol NOBEpPXHOCTU LWBa HapyXy cornacHo EN 910:1996 FB
McnbiTaHue Ha narmb KpoMku LWBa Hapyxy cornacHo EN 910:1996 RB
MonepeyHoe ncnbiTaHue Ha pacTsxkeHue cornacHo EN 895:1995 TT
McnbiTaHue NpofonbHOro CBapHOro LUBa Ha pacTshkeHue cornacHo EN 876:1995 LT
WcnbiTaHwe Ha yaap; NOKpbITUE, MOMy4YeHHOE HarnnaBKoW G MOMOLLBIO OYrOBO CBapKU W
cornacHo EN 875:1995

WcnbiTaHue Ha yaap; 30Ha TepMuyeckoro sBnusiHusa (HAZ) cornacHo EN 875:1995 IH
Makpockonuyeckoe ucnsitTaHue cornacHo EN 1321:1996 Ma
Mukpockonuyeckoe ucnbitaHue cornacHo EN 1321:1996 Mi
McnbiTaHue Ha TBepaocTb cornacHo 1043:1995-1 HT
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8.4 MpoBeneHne UcNbLITaHUA U KPUTEPUN NPUEMKH

8.4.1 O6wue nonoxeHnsa

Heobxoaumo u3roToBUTb OTAESMbHbIE UCNbITATENbHbIE o6pasupbl, BbIMOMHUTL WX WUCMNbITAHUA, U OHU
AOIMKHbLI COOTBETCTBOBATH onpeAeneHHbIM KPpUTepusamMm npuemMku.

8.4.2 NonepeuHoe UCNLITaHUE HAa PacCTAXEHUe

WcnbitaHuss M KpUTepuM nNpUeMKU [AOMKHbI COOTBETCTBOBATb MNONOXEHUAM, NPUBEAEHHbIM B
EN ISO 15614-1:2004.

MpumevanHue — Oco6oe BHUMaHWE chieayeT YAeNUTb CUTyaLuM, KOrAa MexaHUHecKue XapaKTepuCTUKW CBapHOro

LIBA HWKE XapaKTEPMCTUK OCHOBHBLIX MaTepPManos Mo NpOoeKTy, Hanpumep, 9%-Hble HUKEeNeBLle CTanu, ceapusae-
MbI€ C ayCTEHUTHLIM MPUCAAOYHBIM METAMNMOM.

8.4.3 UcnbiTaHMe Ha pacTAXeHWe NPOAONLHOIro CBapHOTro WBa

[Ins ucnbiTatenbHbIX NIMCTOB B CTHIKOBbLIX COSAUHEHUSIX TOSNWMUHOW, paBHOW U 6onee 20 MM, UCNbITaHKe
Ha pacTsbKeHue NpoAoribHOr0 CBApHOro WBa ¢ MUHUMAanNbHbIM AUAMETPOM, paBHbIM U Gonee 6 MM, OMKHO
nposoanTbesi cornacHo EN 876:1995, u snaveHus Rgr, Ry M As AOMKHBI COOTBETCTBOBATH yKa3aHHbIM TpeGo-
BaHWSIM MO OCHOBHOMY Marepuany unu no Apyrum BaXkHbIM 3HAYEHUSIM, YUUTLIBAEMbIM NPU NPOEKTUPOBAHUM
(Hanpumep, ayCTEHUTHbIA NpUcaaoyHbIn MeTann B 9%-Hoi HUkeneBoi cranu). Ecnu Temnepatypa NpoekTu-
posanus Bbile 300 °C, To ucnbiTaHue ACMKHO NPOBOAUTLCA NPYU TeMnepaType NPOeKTUPOBaHUA.

anMe‘-IaHMe — Ocoboe BHUMaHue cnenyet yaenutb cuUTyauuu, koraa MexaHu4veckue XapakTtepuctuku cBapHOro

LIBa HWKe xapaKTepuCTUK OCHOBHbIX MaTepuanoB NO NMPoeKTy, Hanpumep, 9%-Hble HUKeneBble CTanu, ceBapusae-
Mbleé C ayCTeHUTHLIM NpUCagoYvHbBIM METaNNoM.

8.4.4 AcnbiTaHue Ha yaap
WcnbiTaHus m Kputepun npuemMkn AomkHbl cootBeTcTBoBaTb EN ISO 15614-1:2004; kpome atoro, Tam,

roe aTo npueMnemo, [OMkHbl cobniogatbcsi TpebGoBaHMA K UCMbITAHWAM Ha yAap COFMacHo
EN 13445-2:2009, npunoxeHue B.

8.4.5 UcnbiTaHue Ha u3ru6é
WUcnbiTaHus u Kputepum npuemku A0smkHbI cootBeTcTBoBaTtb EN 1ISO 15614-1:2004.

8.4.6 Makpockonuyeckoe ucnbiTaHue

WcnbiTaHus U KpUTepumn NpveMku AommkHbl cootBeTcTBoBaTh EN ISO 15614-1:2004.

Makpockonuyeckoe ucnbiTaHue [OMMKHO NMPOAEMOHCTPUPOBaTb NpoYHble 06pa3oBaHMs HannMaBNeHHbIX
BarivkoB U rnyGokoe nponnasneHue.

8.4.7 Mukpockonuyeckoe ucnbiTaHue

- TpeGoBaHusi No cBapHbLIM LBaM, MaTepuar rpynnbt 8.2: MUKpPOCKONMUYEeckoe UCTIbITaHue AOMKHO Mpo-
OEMOHCTPMPOBAaTh HaANEXalLlyt0 MUKPOCTPYKTYPY.

MpumevaHme — [lonyckaioTcs peakme M3onupoBaHHbIE MUKPOTPELUMHbI ASIMHOM < 1,5 MM, HO AOMKHBI ObITh YKa3aHbl
B OTYeTe.

— Tpe6oBaHus no cBapHbLIM LWBaM, Matepuan rpynnbl 10: MUKPOCKONUYECKOe UCTbITaHWE AOIHKHO Npo-
[EMOHCTpVpOBaTh Haanexallylo MUKPOCTPYKTYpY.

CopepxaHue chepputa B 30He TepMmuyeckoro BnusiHua (HAZ) nomkHo 6biTb oT 30 % MuHMMyM 0o 70 %
MakcuMyM. B 3oHe Tepmuueckoro BMUSHUA BLICOKMX TemnepaTyp Ha pacCTOSHUM NpUGNM3UTENbHO ABYX
pasmepoB 3epHa OT INMHMK NPONNasneHns cogepaHve hepputa AOMKHO GbiTb paBHO unu Gonee 85 %. Ko-
raa UCrnonb3yeMbleé pacxofHble Marepuanbl Ans CBapku OTHOCATCS K TUMY ayCTeHUTHO-(heppUTHOro Cormna-
COBaHusl, coaepxaHue depputa B MeTanmne CBapHOro LUBa Takke OOMKHO Obite Mexay 30 % MUHUMYM K
70 % makcvumyM. Ecnu pacxoaHble maTepuanbl A CBapku OTHOCATCS K HECOrnacoBaHHOMY TuNy (Hanpumep,
ayCTeHUTHbIA MeTann), TpeboBaHWe No coaepkaHuio cheppuTa B MeTarne CBapHOro LBa He NPUMEHSIETCS.

I'IpumeanMe - I'Ipe,qeanble AonyCcTUMble OTKNOHEeHUA MeTannorpadauqecmx MamepeHMﬁ 4YyacTto cocCTaBisAaloT

nopsigka =5 %.

8.4.8 UcnbiTaHMe Ha TBepaoCTh
WcenbiTaHus 1 KpuTepum NpUEMKU JOIMKHbI cooTBeTCTBOBaTL EN I1SO 15614-1:2004.
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8.4.9 NoBTOpHbLIe UCNbITAHUA

Ecnun oTaenbHbIe UCTILITaHWUS He COOTBETCTBYIOT TpeboBaHUAM, yKazaHHLIM B HACTOSILLIEM CTaHaapTe, U
HEoBXOAUMO M3YYUTb MPUYMHLI, UMK €CIN HeYAOBNEeTBOPUTENbHLIA pe3ynsTaT NoflyyeH Ha OCHOBE Henpa-
BUMbLHOTO METoAa WCMbITaHUA WY BCEACTBME NOKanbHO OorpaHuyYeHHoro aedpekra, Heo6xoauMMO BbiMnon-
HUTL crneayioLe NOBTOPHBIe UCTbITAHUS:

a)McnbiTaHWe Ha pacTshkeHue: UCTbITaHue criedyeT nNpoBecTu AN ABYX 06pasLoB Ans UCMLITaHWA Ha
pacTsxeHue, B3ATbIX U3 OAHOrO UCMbITATENbHOrO NUcTa, TpeGoBaHWsAM AO0MKHLI COOTBETCTBOBATL pe3dyrb-
TaTbl 060MX UCNLITAHWIA.

b) UcnbiTaHue Ha U3ruG: UcnbiTaHWe cneayeT NPOBECTU ANA ABYX 06pasLoB Ans UCTbITaHUS Ha uaruo,
B3SITbIX U3 OHOIO MCMbITaTeNbHOMo NMcTa; TPe6oBaHUsIM A0MKHBI COOTBETCTBOBaTb pesynbTaThl 060MX Mc-
NbITaHUNA.

c) UcnbiTanue Ha yaap: UcnblTaHue cneayeT NPoBecTU Ansi Tpex obpasuos ¢ V-06pasHbiM Haape3oM Mo
LLlapnu, B3ATLIX U3 OQHOrO UCMbITaTeNbHOro ucTa.

1) CpeaHee 3HayeHMWe, NoMy4YeHHOe Ha OCHOBE BCEX LUECTU OTAeNbHbIX 06pa3LoB, 4OMKHO ObiTe paBHO
unu 6onee ykasaHHOro MMHUMAarbLHOIO 3Ha4YEeHUs.

2) He 6onee 4YeM ABa M3 LLECTU OTAENMbLHLIX 3HAYEHUA [OMKHbI ObiTb MEHbLUE YKa3aHHOro MUHUMarbHO-
ro 3HaJYeHus.

3)He 6onee ogHOro M3 LIECTU OTAENbHbIX 3HAYEeHWA [OIMKHO ObiTb MeHblue 70 % yKasaHHOro MWHK-
ManbHOro 3HaYeHus.

Ecnun kakoe-nnbo M3 NOBTOPHBLIX UCMbITaHUA OKasblBAETCA HEYAAYHLIM M HE YAOBMETBOpsieT Tpebosa-
HUSIM, TO COeaUHEeHUs/cocyabl, NpeAcTaBNeHHbIe UCTbITaTeNbHbIM MIUCTOM, AOMKHbLI 6bITb NPU3HAHbLI HECOo-
OTBETCTBYIOLUMMM AAHHOK YaCTU HACTOSILLEro eBpOnNencKoro ctaHaapra.

MpumeyaHue — MpuunHoit pasbpoca pe3ynbTaToB MEXaHWYECKMX MUCTbITaHWIA, KOTOpble Cry4aliHO OKa3sblBaloTCs

HWXe YPOBHS COrMacoBaHHbIX TEXHUHYECKUX YCITOBUIM, MOTYT ObiTb hakTopbl NPOM3BOACTBA.

8.4.10 MpoTokon ucnbiTaHUK

JomKHbI COCTaBNATLCA OTYETbl 06 UCMbITAHUSIX, NOATBEPXKAAIOWMUE COOTBETCTBUE PesynbTaToB UCNb-
TaHU U YAOBIETBOPEHMUE MOITy4eHHbIX 3HaYEeHW! YKkasaHHLIM TPeGOBaHUAM.

9 dopmMoBKa YacTtel, npegHasHa4YyeHHbIX ANA paboTbl noa AaBneHuem

9.1 O6wWwue nonoxeHus

MpoussoauTenu hopMOBaHHbIX YacTel, NpegHasHaveHHbIX ana paboTbl Nog AaBneHueM, A0MmKHbI Bec-

TU U XpPaHUTb AOKYMEHTaLMIO No npouenypaM ¢opMOBKM U nNocrneayiolleit TepMudeckoi o6paboTku.
MpuMeuaHne — dopMoBaHHbIe YacTU, NpeAHa3HauYeHHbie AnA PaGoTbl NoA AABREHWEeM, MOryT U3FOTABNUBATLCH C
NOMOLLLIO XOMNOAHOW UNKM ropsyei WTaMnoskkh. K popMOBaHHLIM YacTaAM, npeaHasHaueHHbIM Ana pabotbl nog
DaBneHuem, MOryT OTHOGUTBLCA BbIMYKIbIE TOPLbl, CErMeHTbI, LMAWHAPLI U Apyrie )opMoBaHHble YacTu. PopMo-
BaHHble YacTy, NpeaHasHaueHHbIe Ana paboTbl NoA AaBNeHeM, MOFYT COCTOATb U3 OTAENbHLIX AeTanei, KoTopbie
cBapuBaloTCsl BMECTEe U Nocne STOoro NpoxoasT npoueaypy OpMOBKH.

9.2 KoachdmuueHT aecdopmauum

9.2.1 BuinyKknbie OKpyrnbie u3genuvs

Ana pacueta gecdopmauum F ansa Bcex BbiNyKNbIX OKPYIfbIX Uagenuii (Hanpumep, annuntudeckue mnv
kopo6oBble AHULLA, CthepryecKne KPbILKA) U ANA BCEX TUNOB (DOPMOBOYHBIX MPOLIECCOB AOMKHO UCNOMNb3O0-
BaTbCA cneayowlee ypasHeHue (9.2-1):

Db(x)
F =100In—22—[%), 9.21
D, -2e [ °] ( )
rae e — TOMWMUHA HAa4arnbHOTO UM NPOMEXYTOUHOTO NPOAYKTa;
Dpg — AMAMETP 3aroToBKU UNW ANaMeETP NMPOMEXYTOYHOro NpoAyKTa;
D, — HapyXHbIA guaMeTp roToBOro U3aenus;
In — HaTypanbHbIiA norapugm.
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a) HayanboHed npogykr

b)MponexyTounsdt npogykT c) FoToBOe u3genne

a 410 KacaeTcA pa3NuyHHX 3TanoB HopmoBKM 6e3 npowexyTouhod Tepuuyeckoit o6paboTku (cn. 9.4.2), gedop-
Wauna npegctasnaer cobofl oOunii obbvew gedopuaLuy OTAEAbHHX 3Tan0oB GOpNOBKU. YTO KacaeTcs NPONEXYTOUHOI
Tepunyeckoi ob6paboTku, gedopuayus npegcTaBnner coboil gedopuayun, nonyyamUywRCA nocne nocnefHed npeg-
uecTteynuei obpaboTkm.

PucyHok 9.2-1 - dopMOoBKa BbINYKbIX OKPYI/bIX U3LENNIA

9.2.2 UmnuHApbl N KOHYCbI, N3roTaB/IMBAaeMbIe C MOMOLL LI MPOKaTKN

Ons pacueta gecopmauum F ons LUAMHAPOB UM KOHYCOB, M3rOTaB/IMBAEMbIX C MOMOLLbIO MPOKATKY,
[LO/HKHO UCNoNb30BaTbCsa creaytoliee ypaBHeHue (9.2-2):

(9.2-2)

rae e - TOMWMHA HaYa/IbHOTO WY NPOMEXYTOYHOTo NPOAyKTa;
Rno~ cpefHuii paguyc NpoMeXxyToYHOro npoaykTa (ecnu paaunyc He()OPMOBAHHOMO HauyanbHOro Mpo-
ZyKTa Rmo = oo);
Rm- cpepaHuii paguyc roToBOro U3genusi; ANs KOHYCOB CliefyeT UCNo/b30BaTh CPeAHuUil paauyc Haum-
MeHbLUIEro gnameTpa.
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aYT0 KacaeTcA Pa3nMYKHX 3Tanos QopuosKku 6e3 npomexyTounod Tepuudeckoi o6paboTkn (cn. 9.4.2), koahon-
Wnewt gedopmwaunn npefcTaBnaeT cob6od oBUyH CyMNMY KO3BOMUUWEHTOB gedophauum OTZEAbHHX 3Tanos OpPHOBKY.
UTo KacaeTcs NpoONEKYyTOYHON Tepuuyeckoi obpaboTku, gedopmayna npegcrasnaer coboii gedopuauun, nonyyan-
Lywca nocne nocnefhed npeguectBynyed obpaboTku.

PucyHok 9.2-2 - ®opmoBKa LUMINHAPOB N KOHYCOB

9.2.3 [pyrve Tunbl ngenui

Ing pacyera gedopmayun (F)yBcex 0CTANnbHHX TUNOB QOPUOBAHHNX H3AEAUH JONKHO WCNONb30BATD-
cacnepynuee ypasHenne (9.2-3) (cu. Takke pucyrnok 9.2-3):

F + 2+ FIF2 (9.2-3)

rge F, =Iln-p, F, =1yl
‘o ‘o
In- watypansuuid norapndn;
/O- gnauweTp OKPYKHOCTH, 0603HAUYEHHON Ha NucTe neped DOPNOBKOIM Ha yyacTke, opua KoTOpoOro
GyperT M3WeHATLCA C nakcumanbHoih fedopuavumed. Nocne GopuoBKM OKPYyXHOCTH Auamerpon /OTpanc-
bopuupyetca sanaunc c 6onbuod ocbo A nanod ocbh /2.
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a) OKpyXHOCTb /0, 0603HaYEHHAsA Ha HAYa/IbHOM MPOAYKTe

b) MamepeHHble och . WK 12 Ha hopMOBaHHOM M3aeNnn
PucyHok 9.2-3 - ®opMOoBKa Apyrux U3Aenuid, KpOMe LNIMHAPOB, KOHYCOB 1 BbIMYK/bIX OKPYI/bIX U3AENUiA

9.2.4 Tnbka Tpy6
Ins pacveta gedopmayuu Fwusarubos Tpy6 fonkno ncnonb3osatscs cnefyulee ypashenue (9.2-4)
(cu. Takke pucyHok 9.2-4):

F=100"[%], (9.2-4)

rae R- paguyc waruba gng tpydu;
De- HapyKkHui gnawerp Tpybu.
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9.25 ®@opmMoBKa CErMeHTOB
Ing pacyeta gedopuayny Fcernentos, Hanpuuep, WHOTOCEKUWOHHHE KOpPOGOBHE AHULA UAKW COep
LONKHO MCNONb30BATLCA CNefynlee ypasHenne (9.2-5) (cu. Takxe pucynok 9.2-5):

(9.2-5)

Tge e - TONULMHA HAYANbHOTO NPOAYKTAE;
R- wanmewbunit cpegnui paguyc ceruenta (Cpefuuil paguyc coepuyeckoro ceruenta, cpefuui
pajguyc nepernta cTuKoBOro cernenrTa kopob6osoro fHuua).

PucyHok 9.2-5 - dopmoBKa CErMEHTOB

9.3 MeToabl hopMOBKMU

9.3.1 XonoaHas wTaMnoBKa

Xonoguyw wurawnosky matepuanos rpynn 1.1, 1.2, 1.3, 2.1, 3.1, 4,5, 64 9 cnepyer BHNONHATL npu
Teuneparypax NMHANYM Ha 30 °C HuKe NaKCHMANbHO AONYCTUNOH TenwnepaTyps SNA CHATHA YyNpyrux ge-
popmaymit, cn. Tabnuyy 10.1-1.

Lns ctaned TNCP wakcumanbho gonycrumas rennepatrypa gonkua 6676 580 °C.

lNpymeyaHune - Tem He MeHee, Npu NPOMEXYTOUYHbIX TemnepaTtypax B uHTepsasie ot 200 °C go 350 °C moryT BO3-
HUKaTb I'IpO6J'IeMbI BA3KOro paspyllueHnsa B pesy/sbTtate AnHamMmnyeckoro rEI.(E‘C‘I)O[Z)MaLU/IOHHOFO CTapeHunsa B AaHHOM Temrne-
paTypHOM WHTepBane.

Konoguyw uramnosky watepunanos rpynn 8.1, 8.2 10 cnefyer BHNONHATL NPpU Teuneparypax Huxe
300 °C.

Lns Lpyrux TUNOB MaTepnanos TewnepaTyps XONOAHOR UTANNOBKU HEOOXOAMNNO CHOTPETH B COOT-
BETCTBYNLUX €BPONEHCKNX CTAKRAPTAX, B AMCTKAX TEXHUYCCKUX JAKHHX WSZEAUS WAUW B APYyrux cneyndu-
Kayuax.
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9.3.2 N'opsAvan WTamMnoBKa

9.3.2.1 O6wme nonoxeHun

lopsiyyio Wwramnosky matepuanos rpynn 1.1, 1.2, 1.3, 3.1, 4, 5, 6 u 9 cneayeT BbLINONHATL NpU TEMe-
paTypax BbiLLle MakcMmarnbHO AoNyCTUMOI TeMnepaTyphbl AN CHATUS yNpyrux AedopMauiuii, Kak NnpaBswro, B
TemnepaTypHOM MHTepBarne HopManuaauuu, B COOTBETCTBUM CO cneuudmKaLmsamm matepuarnos.

[opsiYas LUTaMNoOBKa COPTOB cTarnel ¢ TepMmoMexaHuyeckoil 06paboTkoit He paspeluaeTcsi.

lopsauylo wWramnoeky matepuanos rpynn 8.1, 8.2 u 10 cnepyeT BbINONHATL Npu Temnepatype 300 °C
unu BbIWWe, Kak Npaeuno, B MHTepBane Temnepartyp cornacHo tabnuue 9.3-1.

Ons apyrux TUNOB MaTepvarnoB TEMNEPATYPbl rOPsiYei LUTAMNOBKA JOMKHbI YAOBNETBOPATL TpeboBaHu-
SIM COOTBETCTBYIOLLMX €BPONENCKUX CTaHOAPTOB, IMCTKOB TEXHUHECKMX AAHHbIX MU APYTUX crieLdMKaLmii.

Cnocob LTamMnoBKkM AOIKEH ONpedensiTo CKOPOCTb MPOrPEBaHWs, TEMMEpaTypy BbIAEPKKM U Bpems
BbIgEPXKU AN (hOPMyeMoii YacTu.

MpumeyaHve 1 — Mopsuas wWTaMnoBka npeacTasnsieT coboit npouecc 06paboTku, BLINONHAEMOM NpYU TeMnepary-

pax BblLle TeMnepaTypbl CHATUA YNpyrux AedopMauuii, 1, Kak NpaBuno, BbiMONMHSEMO B 30He ayCTeHUTa.

lMpuHVYMas BO BHUMaHWe pUcK YpesMepHOro pocta 3epeH, aycTeHu3auus npopaykra ofbkHa bbiTh Gonee
Ac3, Ho He BbiLLe YyeM 1050 °C.

MpumeyaHue 2 — MNocne JOCTUXXEHWUS TeMnepaTypbl NPoAyKTa, ero cneayeT NoAAepXuBaTL Npyu 3To TeMnepartype
He 6onee 10 mMuH. Mo 31Ol e NpUYMHE cneayeT onpeaenaTb CKOPOCTb NPOrpeBaHus.

Mocne ropsiyei WITaMNoBKK M3aenve cnefyeT oxnaxaaTb B HEMNOABWKHOM BO3Ayxe, €Cl He ykasaHo
MHave B Tabnuue 9.3-1.

MockonbKy Kakpas Tepmuueckass obpaboTka npu Temnepartype Bbllle TemnepaTtypbi HopManu3auum
NPUBOAUT K POCTY 3€PEeH, KOTOPbI HebnaronpuaTHO BNMSAET Ha 3HAYEHUs1 YAAPHOI Harpysku, ropsdas
LITAaMMOBKa AN HOPManu3OBaHHLIX CTaneil JOMKHA pasfenaTbCA Ha [ABe rpynnbl, cornacHo 9.3.2.2 u
9.3.2.3.

9.3.2.2 HopManu3oBaHHbIe CTanM ¢ YKa3aHHLIMW 3Ha4eHUSIMW YAapHOW Harpy3ku Npu Temneparype
paBHOM U Bbiwe —20 °C

[na Hopmanu3oBaHHbLIX CTaneu, Mo/Bepralowuxca TONbKO €AMHUYHOMY LMKNY ropsveid LUTamnoBku,
MaKkcumanbHasi TemnepaTtypa u3aenua He foibkHa npesbituats 980 °C.

[ns 6onee YemM OAHOrO LMKNA ropsivei WTaMmnoBKM MakCUMarbHasa TemnepaTtypa usfenus He AomKHa
npesbiwate 1050 °C. MNepen nocnegHUM LMKNOM M3pgenue cnegyeT OXNaavTb A0 TemnepaTtypbl Huke
500 °C. Ans nocnegHero uukna MakcumarnbHas TeMneparypa usgenvsa gorkHa obime Hwke 980 °C gns cra-
nei ¢ MMHUMarnbHbIM Npegenom Tekydectu < 360 MlMa unu 940 °C ansa craneit ¢ MUHMMArbHBIM NPEaenom
TekyyecTtu > 360 Mla.

MocnepytoLylo TepMuueckylo 06paboTky MOXHO OTMEHWTb, €CNW NpOoLIeCC LUTAMMOBKUA NOCNEaHero
LMKNa BLIMOMHSASICA Npy Temnepartype Bbilwe 750 °C unu Bblwe 700 °C, korga creneHb aedopMaumm He
npesbilwaeT 5 %.

Ecnu HeBo3amoXHO AobUTbCA ycrnoewmit, onpegerneHHbix B 9.3.2.2, 0co6eHHO B OTHOLLEHUM MaKCUMarb-
HbIX U MUHUMASbHBIX TEMMNepaTyp B MocrieAHeM LMKNe, Nocsie Npouecca LWTaMnoBKU AOSDKHA BbIMONHATLCA
HOpMAaNnM3aLus COrNacHO YKasaHUsIM NPOV3BOAUTENS CTanu.

Mpumeyanue — [ins crane#, KOTOpble AOMMKHbL! GbiTh OTAYLWEHL! NOCNEe HOPManu3aLuuy, NPeANUCaHHbIA OTMYCK Tep-

MOoOOpaboTKO MOXHO BLINOMHATL, €CNU LUITAMINOBKA NPOBOAWNACH B COOTBETCTBUM C yKasaHuamu 9.3.2.2

9.3.2.3 HopmanusoBaHHble CTanM € yKa3aHHbIMW 3HAYeHUSIMU YAAPHOW Harpy3ku Npy Temneparype
Huxe —20 °C

Iins HOpManv3oBaHHLIX CTanewW, NOABEPraloLUMXCA TONbKO ©4UHUYHOMY LMKIY FOpsiYei LUTaMnoBKM,
MakcuManbHas TeMmrnepartypa usfenusi He AorkHa npesbiwatb 940 °C onsi ctaneit ¢ MUHUManbHLIM Npeae-
nom Tekyyectu < 360 MIMa unu 925 °C ans cranei ¢ MMHUManbHLIM Npeaenom TekydecTty > 360 MMa.

Ans Gonee oAHOro LMKNa ropsiyei WTaAMNOBKK MakCUMarnksHas TeMnepaTtypa usaenusi He 4orhkHa npe-
BuiwaTth 1050 °C. Mexay pasnuyHbIMU LiMKNaMu uagenue HeobxoauMo oxrnaxgaTtbe A0 TeMnepatypbl Huke
500 °C. [ins nocrneaHero LUMKia MakcumanbHasa TeMnepartypa usgenusa fosbkHa 6bitb Huwke 940 °C gna cra-
neil ¢ MUHMManbHLIM Npeaernom Tekyyectu < 360 MIMa unu 925 °C ansa craneit ¢ MUHUMarbHLIM Npegenom
Tekyyectu > 360 Mla.

Mocnepyiowyio Tepmudeckylo o6paboTKky MOXHO OTMEHWTb, €CNU MPOLIECC LWTaMMNOBKM NocnegHero
uuKna BbINONHANCA Npu Temnepartype Bbiwe 750 °C unu Bbiwe 700 °C, koraa creneHb aecdopmauum
He npesbiwaeT 2 %.
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Ecnn HeBO3MOXHO p[obuTLCS ycnoewit, onpegeneHHbix B 9.3.2.2, 0COOEHHO B OTHOLIEHUU
MakcuMarsbHbIX U MUHMMAaIbHbIX TEMMNepaTyp B NOCNeAHeM LMKIe, Nnocrne npouecca LUTaMMnoBKW AOIHKHa
BbIMOMHATLCA HOPManM3auus COrnacHoO ykasaHusiM NpOU3BOAUTENSA CTanu.

MNpumevarHve — [ins craneu, KOTOpbie AOIKHbBI OblTh OTRYLLEHLI MOCIEe HOpManu3auum, NpeanMcaHHbIA OTNYCK Tep-
M00BpaboTKO# MOXHO BbINONHSATL, ECNU LUTAMMNOBKA NPOBOAWUNACH B COOTBETCTBUM C yKa3aHusamu 9.3.2.2

9.3.2.4 3akaneHHbIe ¥ OTNYLEHHbIE CTanu

ins 3aKaneHHbIX 1 OTNYLEHHbIX CTanei CoBepLUEHHO Heo6X0AMMO BhINOMHATL NOMHOCTLIO HOBYIO OMe-
paumio 3akarnku 1 oTnycka rnocre ropsiyei LUTaMnoBku. [insi camoro npoliecca ropsiyeil WTamnoBku crnepyet
NPUMEeHATb NOsoXeHus, onpeaeneHHsie B 9.3.2.1 1 9.3.2.2.

9.3.2.5 AycTeHUTHbIE U ayCTeHUTHO-(heppUTHbIE cTanu
Fopsivyl0 LWITaMNOBKY ayCTEHUTHBIX U ayCTEeHUTHO-(PepPUTHBIX CcTarei, rpynnel Matepuanos 8.1, 8.2 u
10, cneayert BbINONHATL B COOTBETCTBUU C Tabnuuen 9.3-1.

Tabnuua 9.3-1 — YcnoBua WTaMnoBKU maTepuanoB rpynn 8.1, 8.2 n 10

MakcumansHas MuHumanbHan b
Twn npogykTa Temneparypa TemnepaTypa Ycnosusi oxnaxageHus
Huskoyrnepoauctbii 2 HenoaswxHblit BO3gyx Ans e < 25 Mm
CTtabunusnpoBaHHbIM 1150 °C 850 °C - Bo,qa:qnﬂ e>25mMm =
. ernoaBWKHbIA B A e MM,
HectabununampoBaHHbIi A O3AyX AN
BOAA AN € > 6 MM

 CoaepxaHue yrnepoaa C < 0,03 %.
CnenyeT PYKOBOACTBOBAaTLCH YCNOBMAMU OXNnaXkaeHus, onpeaeneHHbiMu B cneuuquauuu Mmarepuana.

9.3.2.6 MNnakupoBaHHbIe cTanum

TemnepaTypa v npoueaypa ropsdeil LITaMMnoBKU MIaKMpOBaHHbIX cTaneid AormkHa GbiTb OCHOBaHa Ha
mMaTtepuane cTanbHON MOANOXKK, TEM He MeHee crieqyeT NPUHUMAaTh B pacuyeT Bo3paeicTBue Takol oGpa-
GOTKM Ha NNakVpPOBaHHbI MaTepuan, 0COGeHHO Ha ero KOPPO3UOHHYIO CTOMKOCTL. Ecnn Takas o6paGoTka
HebnaronpusiTHO BRWUSIET HA XapaKTepUCTUKW NIakMpOBaHHOTO Matepuana, HeoGxoaMMO npeaycMoTpeTb
nubo ucnonb3oBaHWe ApYroro Marepuana AN nnakupoBaHusi, Nu6Go BKMOYEHWEe MNaKMpoBaHUA Mochne
LUTaMMOBKA U TepMuyeckoi 06paboTku (Hanpyumep, NepeKpbITUe CBapHOro LBa), Unu xe Heobxoaumo ¢ no-
MOLLbLKO UCMbITaHUIA NPOAEMOHCTPUMPOBaTL NPUEMNIeMOCTb anbTepHaTUBHON TepMuyeckoit oGpaboTkm ons
cooTBeTCTBMA TpebGoBaHMAM crieLidukalum Matepuarna uny npoekra.

9.4 Tepmuueckasi o6paboTka nocne WTaMNOBKU

9.4.1 O6wmMe NONoXKeHnn

TepMuyeckune o06paboTku nocne XOno4HOW WK ropsiveil LUTaMnoBKU creyeT BbINONHATL COrfacHo co-
OTBETCTBYHOLMM CTaHAapTaM, TEXHUYECKUM YCIOBUAM UMK APYrUM cneuudukaumsamM, U OHU OOMDKHbI BKMO-
JyaTb B cebsi HopManuaauuio, HopManuaaumio NNKC OTNYCK, 3aKanKy NIC OTNYCK, OTKUAT, TePMUYECKYO 00-
paboTKy Ha TBepAblil pacTBop.

Mpumeuarne 1 — Takue Buabl 06paboTkM CHMTAIOTCA Npoueaypamu, YCTPaHSIIOWMMA BO3OEeMCTBUS MPOLECCOB

LUTaMIMOBKU.

I'IpumeanMe 2 — B kauecTBe yKa3aHusa nnu pekoMeHgauum no TepMuyecKumMm 06paGOTKaM OOMXKHbI NPUHUMATLCH

napaMeTpbl, ONPeAeneHHbIe NPOU3BOANTENIEM OCHOBHLIX MaTepUanoB B akTax NPUeMOYHOro KoHTpons. Apyrue na-

pameTpbl MOXXHO NMPUMEHATb, eCNU Npoleaypa orpeaeneHa, U usgenve unu copMoBaHHbIA UCTIbITaTeNbHbIN o6pa-
3ell, NpeacTaBnsAWMA u3genue, NPOXoOAUT UCTbITaHWE NOCNe LUTaMMNOBKA U TepMUyeckoilt o6paboTku Ha cooTBeT-
cTBUe TpeGoBaHMAM cneuudmKaUmmM Ha maTepuan Ui NpoexT.

Mpumeyarue 3 — AAns ctaneir TMCP, noasepraiowuxcs XoroaHoR LWTaMmnoeke, onpeaensieMble napameTpbl 4OK-

Hbl 6bITb NpUMEMNeMbI 4Ns TepMUYecKkoit 06paboTku nocrne LWTaMNOBKU.

9.4.2 Tepmuueckan o6paboTka NNocKMX usgenuni nocrne XonogHOM WTAMNOBKU

Tepmuueckas 06paboTka NNoCKUX M3genuii Nocne XonoAHOW LWTaMNOBKU [OJKHA BbIMOMHATLCA B COOT-
BETCTBUM C YkasaHusamm 9.4.1 u Tabnuubl 9.4-1.

B tabnuue 9.4-1 onpepeneHbl NpaBuna ans Heobxoaumon TepMudeckoil o6paboTkn B kadecTBe OyHK-
uumn aecopmaum Npu ycroBuu, YTO NUCTbI COOTBETCTBYIOT TpeGoBaHusim EN 13445-2:2009, npunoxeHue B.
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Tabnuua 9.4.1 — Tepmuueckas o6paboTka NNOCKUX U3AENUI NOCne XONOAHOM WTaMNOBKN

pynnebl MmaTepuana KoathdmumeHT necdpopmaunm F Tepmuyeckas o6paboTtka
1.1 c,1.23,1.3 F<5% HeT
213"
3.1
4
5 F>5% Da
6
9
10
8.1,8.2 d d

® Tepmuueckylo 06paboTky cTanei, NoABepPraloLLMXCs TepPMOMeEXaHU4eckoin 06paboTke, nocne LUITaMMOBKYA BbIMOM-
HATb He crneayeT, cnegoBaTensHo, Aedopmauus (F) nomkHa 6biTb orpaHuyeHa o s 5 %.

[ns matepuanos rpynnbl 2.1 Heo6XoAUMMO NPOBOAWTL UCTIbITaHUS, ecnn Aedopmauun coctaensieT ot 2 % o 5 %,

NS NoATBEPXAEHUA COOTBETCTBUA POPMOBAHHOrO Marepuarna npoekxTy.
¢ 1) Tepmuyeckas obpaboTka kopoBOBLIX BbINYKNbIX TOPUOB (nosicHoin paguyc 2 0,1 D. v paguyc kynona < D)
He TpebyeTcs, ecnn cobniogeHbl crnepyoLwwye YCnoBus:

— maTtepuan OTHOCUTCS K rpynne matepuanos 1.1;

— TOmnwuHa coctaBnseT e <8 MM;

— h1 =40 MM (cM. pucyHok 5.4-2);

— pacyeTHas Temnepartypa cocraBnsiet ot —10 °C go +120 °C.

2) Tepmuyeckass ob6paboTka 06LUMBOK, UCMONb3yeMbIX TONbKO ANS Harpesa WIW OXNaXaeHUs COCcyaoB, npegHa-
3HaveHHbIX ans paboTbl nop aaeneHueM (cMm. EN 13445-3:2009), He TpebyeTtcsi, ecnu cobnioaeHbl creayloLime
YCNOBMA:

— marepuan OTHOCUTCS K rpynne mMarepuwarnos 1.1, v cranb AomkHa ObiTb NOMHOCTBIO YCNOKOEHHas;

— B cBMAETENbCTBE 06 UCNbITAaHMM MaTepuana ykasaHo yarnMHeHue nocre pactskeHust As 2 31 %;

— TOrnwuHa cocrtaBnseT e <8 MM,

— ucnonk3yeTca ANs LUIMHAPOB M KOHYCOB, €CNN MakcuManbHas Aedopmauus F Takosa, YTO CpeaHuid paguyc
R 2 36 HOMMHaNbLHOW TOMLMHLI;

— pacyeTHas Temnepartypa cocrasnset ot —10 °C no +150 °C;

— TeKyuJeit cpegoii aomkHa 6biTe Boaa 1 (Mnu) nap.

Tepmuueckas o6paGoTka aycTeHUTHOW CTanu, npoweawei TepMuyeckyio o6paboTKy Ha TBepAbiA pacTBOp U 3aKa-
neHHoW unu ctabunusupoBaHHOW, He TpebyeTcs Nocne XOsI0AHON LITaMMNoBKM B J060M U3 cneaylowmx cnyyaes 1),
2), 3), n 4) npu ycrnoeuu, 4TO PUCK CBA3AHHOW C 3TUM KOPPO3UM NOJA HANPSDKEHUEM HUHTOXEH:

1) AycTeHuTHan cranb ¢ TpebyeMbiMM MUHUMANbHBIMU 3HAYEHUAMM NS YAJIMHEHUS nocne pacTsbkeHus As = 30 %,
Wnu ecnu B ceuaeTenbCcTBe 06 UCNbITAHUM MaTepuana yka3aHo yAnvMHeHue nocne pacrsxeHus As 2 30 %, aedopma-
uua aomkHa coctaenatb F < 15 %. Vnu ecnu npeacraBneH ¢hakT Toro, YTo CyLLECTBYST MUHUMATIbHOe YANWHEeHue
nocne pacTaxeHua As 2 15 % nocne XonoaAHOW WTaMMOBKU.

2) Yto kacaetcs aedopmaunu F < 15 %, B oTAenbHbLIX criydyasx MOXeT 6biTb MOATBEPXAEeHO, YTO nociie XONoAHOoM
LWITAaMNOBKW CyLLECTBYET MUHUManNbHOe yanuHeHne nocne pacrsokeHust As 2 15 %.

3) Ansa BbINYKNbIX TOPLIOB B CBUAETENLCTBE 00 MCNbiTAHMM OCHOBHOTO Matepuaria ykasaHbl cnegyolue 3HayeHus
YANMUHEHUA NOCNEe PaCTsKEeHUsA As:

— As 2 40 %, ecnu TonwuHa cTeHku e < 15 npu pacyeTHbIX Temnepartypax a0 —196 °C;

— As 2 45 %, ecnu TonwuHa cTeHku e > 15 npu pacuyeTHbLIX TeMnepartypax ao —196 °C;

— As 2 50 %, ecnu pacyeTHasa Temneparypa Hwke —196 °C.

4) Oedopmauus He npesbiwaeT 10 % ansA yacreit cocyaa, npegHasHaveHHoro ansg paboTsl noa AasneHuem (uc-
Kniovas Topubl), ecnun pacyeTHas TeMneparypa Hwke —196 °C.

MNMpumevaHue — Yto kacaetca marepuanos rpynn 1.3, 2 u 3, MOXET BO3HUKATb MOHWXEeHWe NNacTUMHOCTU / casur
TemnepaTtypbl nepexoAa Ha 5° Ha KaXablih NpoLEeHT AedopmaLym, U ero crieayeT YUUTbiBaTb.

9.4.3 Tepmuueckan o6pabotka TpyGUaThix 34NN NOCHE XONIOAHOM WTAMNOBKU

Tepmuyeckue o6paboTkn TpybuyaTbiX M3enuil nocrne XOSIOAHOW LUTaMMOBKU AOSMKHbI BbiNONHATLCA B
COOTBETCTBUU C YKaszaHuaMu 9.4.1 n Tabnuubl 9.4-2.

B tabnuue 9.4-2 onpepeneHbl NpaBuna ans HeobxoaMMocTn Tepmuyeckoit 06paboTkm B kadecTBe ¢hyHkK-
uumn pedopmaumm € y4eToM TOro, UTo Tpybbl cooTBeTCTBYIOT TpebosaHusim EN 13445-2:2009, npunoxeHue B.
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Tabnuua 9.4-2 — Tepmuyeckan o6paborka TpyGuaThLIX U3AENUIA NOCNE XONOAHOW LWTAMNOBKW

. Tepmuyeckas
Mpynnbl MaTepuanos Papuyc naruba Tpybbl R HapyxHbiiA auameTp TpyGbl De o6paboka
11,1.2,13 <1,3D, Bce anameTtpbl Oa
3.1
4 <142 mm Her
5 >1,3D,
6 a
8.1, 8.2 > 142 Mm Oa
?O 225D, Bce anametpsbl Het
2 lnn maTepuanos rpynn 8.1 v 8.2 npu pac4eTHol Temneparype Bbilwe —196 °C Tepmuueckas o6paboTka He TpeGyercs.

9.4.4 TepMuyeckasn o6paboTka NnaKMpoBaHHbIX CTaneil nocrie XoNno4HOU LITAaMNOBKNY

Tepmuyeckas 06paboTka NnakMpoBaHHbIX CTarnei Nocrne Xono4HOM LUTAMMNOBKM A0SHKHA BbINOMHSATLCS B
COOTBETCTBUM C ykazaHusmu 9.4.1 u Tabnuubl 9.4-1. MNpu pacyeTe kKoadduumeHTa aecdopmaumn cnegyet
yuuTbIBaTh O6LLYI0 TONLWMHY NNakMpoBaHHOro mMatepuana. Heo6xoaumo npyHMMarhb BO BHUMaHUe BnvsiHAE
TaKol TepMuUieckoin o6paGoTkn Ha NnakMpoBaHue 0COBGEHHO B OTHOLLIEHWM KOPPO3WOHHOMW CTOMKOCTU.

9.4.5 Tepmuueckan 06paboTka nocne ropsyen IWTaMNOBKU

TepMuyeckas 06paboTka nocre ropsiyer LWTAMINOBKM OOIMKHA BbINOMHATLCA B COOTBETCTBUM C yKasa-
Husimn 9.4.1 1 Tabnuubl 9.4-3.

Tabnuua 9.4-3 — Tepmuyeckan o6paboTka nocne ropsa4er LUTAMNOBKH

[pynnbl matepuanos Ycnosus ropsivei o6paboTku Tepmuueckan o6pabotka
1.1,1.2,1.3,9.1 Cm. 9.3.2 Her
2'1 3akanka 1 oTnyck
5 wunm
6 Bce HOpManu3aums 1 oTnycK
7.1 5 Wnm .
9:2, 93 ABOINHaA HopManu3aums U oTNycK
B cooTtBeTcTBMM C Tabnuuei 9.3-1 Het
8.1,8.2 Ycnosusi, OTNUYHbIE OT YCMOBUIA, Tepmuyeckas o6paboTia Ha
yKa3aHHbIX B Tabnuue 9.3-1 TBEpAbIA PacTBOp
10 Bce Tepmuueckasn o6paboTka Ha
TBepAbliA pacTBop
a Bo3MOXHbI apyruve TepMuyeckue OﬁpaﬁoTKVl, ecnu ux NpUMeHNMOCTb NOATBePXAAaeTCH UCMLITAHUAMU Ha COOTBET-
cTBUe TpeboBaHMAM cneunpuKaLum MaTepuana unu npoekTa.

9.4.6 Tepmuyeckan o6paboTka NNakMpoBaHHbIX CTaieid NOCANE ropsivuei WTAMNOBKN

YcnoBusi TepMudeckoii 06paboTkv NiakMpoBaHHbIX cTarnei AoMKHbLI COOTBETCTBOBaTb yKa3aHusaM Tab-
nuubl 9.4-3 Ha OCHOBE CTanbHOW NOANOXKKA MaTepuana. Heob6xoauMo npuHUMaTh B pacyeT BrUSIHUE Takon
TepMu4eckol 06paboTku, 0CO6EHHO B OTHOLLEHUM KOPPO3UOHHOW CTOMKOCTU.

9.5 OT60p hOpPMOBaAHHLIX KOHTPOIbHbLIX OTPE3KOB ANA UCNbITaHWIA

9.5.1 Usnenus xonoaHo# wWramnoBku 6e3 TepMuyeckoi o6paboTku

Ecnu nocne xonogHoi LUTaMINOBKW NMCTOB unu Tpy6 Tepmuyeckas obpabotka He TpebyeTcsi cornacHo
Tabnuuam 9.4-1 1 9.4-2, To He06XOAMMOCTU NPOBOAUTL MEXAHUYECKUE UCTIbITAHUS! B OTHOLUEHUM LUTaMMOB-

KM HE UMeeTCs.
9.5.2 Uspenua XonoaHOMK UM ropsiven WITaMMNOBKU C TepMUYECcKOn o6paboTkon

CooTBeTcTBMe crneumMdmKkaumMm matepuana crieflyeT noATBepXaaTb C UCMONL30BaHNeM KOHTPOIbHBIX
OTPE3KOB, B3ATLIX Ha U3MMULLHENA [NIMHe LUTaMMNOBaHHOro NpoaykTa. Ecnm 3To HEBO3MOXHO, He06X0AMMO OT-
LenbHbIE KOHTPOrbHbIE OTPE3KU OTEUPaTL U3 UCXOQHOTO MaTepuana, NPOLLEALLIErO WTAaMMNOBKY U TepMUye-
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CKkyto 06paboTKy, ecrnv BO3MOXHO TakUM Xe CnocoBOM, Kak U LITAMNOBaHHLIA NPOAYKT, U UCMbITAHNE NPOBO-
ANTb C X UCNOINb30BaHUEM.

Ecrnu wramnoBaHHble U3Jenusi COCTOST U3 OTAENbHbIX AeTanei M3 pasnuyHbiX OTNMBOK, Heobxoanmo
oTbMpaTh OANH KOHTPOIbLHbIA OTPE30K Ha KaXKaylo OTIIUBKY U U3 KaXOO0ro CBapHOro CoeAMHeHWs!.

LLitamnoBaHHble 13genusi 4OIMKHbI NPOXOAUTL OTAENbHbIe UCTbITaHUS, Moka Npou3BOAUTENb He BhIMOMN-
HUT ycnelHble UCnbiTaHuA 30 KOHTPOIbHLIX OTPE3KOB LUTaMMNOBaHHbIX M3ZEenuid B npegenax COOTBETCT-
BylOLLIE# rpynnbl MaTepuana. lNocne aToro ucnbiTaHUsa BLIMOMHATCA ANA KaXAoi napTuu. MNapTua onpeae-
nsieTca U3genusaMn oaHOro NUTbS U OAMHAKOBOW 3aBepluatoler TepmoobpaboTku.

WcnbiTaHne napTuy 4OSMKHO NPOBOAUTLCA crieayoLym o6pasoM:

a) Marepuansi rpynn 1.1, 1.2, 8.1.

Ecnu nocraBneHHbie (hOPMOBaHHbIE U3IENNS HAXOASATCH B OAMHAKOBbLIX YCNOBUSIX TepMUYEcKon obpa-
BOTKM Kak U UCXOAHbLIN MaTepuan, TO COOTBETCTBME crneuudukaLum matepuana AOMKHO GbiTb OXBaueHo
CBUOETeNbCTBOM 06 MCTbITaHUU UCXOAHOrO MaTepuana.

Ecnu 310 He Tak, crniegyeT oToupaTtb OOUH KOHTPOMbHLIA OTPE30K U3 KaXaoi naptum nubo ns marepua-
na, noanexaiero LWramnoeke, NMbo 13 Tepmuyecku obpabatsiBaeMoro LTamnosaxHoro usgenusi. OH gon-
XeH noaBepratbcsi TepMuyeckoil o6paboTke BMecTe CO LUTAMMOBAHHLIMU U3AENUAMU WU NPOXOAUTbL CMO-
[enupoBaHHyIo TepMuUdeckyto o6paboTky oTAENbHO.

[ns matepuanos rpynn 1.1 u 1.2 B 3aBUCUMOCTU OT onpeaeneHHbIX 3Ha4YeHWn aHepreTUKM yaapa npu
Temnepatype Hwke —20 °C, oBpasubl JOoMmKHbI 0TGMpaTbcsi B COOTBETCTBUM C b), 3TO0 AOIMKHO OTHOCUTLCSA
TONbLKO K UCMbITAHUIO Ha yaap.

b) Matepwuansi rpynn 1.3, 3.1, 4, 5, 6, 8.2, 9 1 10.

CooTtBercTBME CneuudukaLm maTepuana AO0IDKHO NMOATBePXAAaTbCA C NMOMOLLLIO OIHOTO M3 cneayio-
LLMX YCNOBUIA:

— KOHTPOrbHbIE OTPE3KU B3ATbl U3 U3NMULLHENA ANMUHbI LUITAMINOBaHHOW AeTanu;

— B Ka4yecTBe arnbTepHaTUBbl OTAESIbHO LUTAMIMNOBaHHBLIE KOHTPOSIbHLIE OTPE3KM MPOLUNYM TEPMUYECKYIO
06paboTKy BMecTe CO LUTaMnoBaHHLIMU AeTansimm;

— ©CINA 3TO HeBO3MOXHO, OTAENbHO LUTAMMOBaHHbIE KOHTPOJbHbLIE OTPE3KU NPOoLUNU CMOAENUPOBaHHYIO
TepMuyeckyto obpaboTky.

HeobxoaumMo oTbupath crneaylowee KOnuM4ecTBO KOHTPOSIbHbLIX OTPE3KOB L4518 UCTIbITaHMWIA:

— O[WH KOHTPOJSIbHBIA OTPEe30K U3 NapTun o6bemom fo 10 aetanei;

— [OBa KOHTPOIbHLIX OTpe3ka U3 naptum o6beMom Ao 25 getanei;

— TPW KOHTPOMbHbIX OTPe3ka U3 napTum obbemom go 100 geranen;

— OJVH KOHTPOIbHLIA OTPE30K Ans Kaxabix nocneayowmx 100 geranei.

9.6 UcnbiTaHuA

9.6.1 OcHoBHOW MaTepuan

OpuH obpasel Ansi UCNbITaHWs Ha pacTsbkeHue U Tpu obpaauia ana ucnbiTaHus Ha yaap crneayet B3siTbh
M3 KaXgoro KOHTPONbHOrO OTpe3ka cornacHo TpebosaHuAM, onpeferneHHbiM B 9.5.2. UcnbitatenbHble 06-
pasubl cnegyeT oToUpaTh NeprneHaUKyNsapHO HanpaBneHUIo NPOKaTKU C OTKIOHeHUEM He 6onee Yyem Ha 20°.

MpumeyaHue — [N KOHCTPYKLUMOHHBIX MATKUX CTanei, OTHOCALLMXCSA K rpynnam Matepuanos 1.1 u 1.2, o6pasuikl
ANsi UCTIBITaHNS Ha yAap MOXHO O0TGUpaTk BAOMb HanpaBneHWs NPOKaTKU.

Ecrnu vacti, npegHasHa4eHHble Ans paboTbl nop AaBNEeHUEM, U3TOTOBMEHbI U3 3aKaJieHHbIX U OTMy-
LLEeHHbIX CcTanei ¢ ucnbiTaHueM napTtum, To aAnsa 10 % dpopmoBaHHbIX YacTel, HO He MeHee Yem ansa 3 ¢op-
MOBaHHBbIX YacTel, NPOU3BOAUTENEM LONONHUTENBHO AOIDKHBI MPOBOAUTLCA UCTILITAHWS HA TBEPAOCTb.

9.6.2 CTbiKkOBbLIe CBapHble LWBbI

Ecnu nepea LWITaMNoBKOM CBapuBaloTCA APYr C ApYroM hopMOBaHHbIE M3AeNWs U3 OTAENbHbIX YacTel, To
M3 MeTanna cBapHoro wea HeobxoauMo B3siTb OAUH o6pa3ael) Ans NPOAONLHOIO UCMbITaHUS Ha pacTsixeHne
1 Tpu obpasua ans ucnbiTaHuA Ha yaap. [ns matepuanos 8.2 u 10 kpome 3TOro AOMKHO ObiTb BbINOHEHO
MUKPOCKOMNUYECcKoe UCTbITaHue.

9.6.3 Kputepumn npnemku ansi (popMOBaHHbLIX KOHTPOJIbHbIX OTPE3KOB

Urto kacaeTcs OCHOBHOrO Martepuana, ucnbitarernbHbele 06pasubl, Heobxoaumbie cornacHo 9.6.1, oonx-
Hbl COOTBETCTBOBATL TP€OOBaHUAM K OCHOBHBIM MaTepuanam.

[Ins CTLIKOBbIX CBapHbLIX LUBOB UCMbITaTenbHble 06pasLbl, HeobxoanMmble cornacHo 9.6.2, 4oNMXKHbI COOT-
BEeTCTBOBaTb TpeboBaHusIM, onpeaeneHHbiM B 8.4.
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3HaueHust TBepAOCTM JOMKHBI UMETL OTKIOHEeHMe He Gonee yem 50 HV 10 (TBepaocTb no Bukkepcy) B
npegenax ogHou )OpMOBAHHON YacTy.

9.6.4 NoBTOpPHLIE UCNbITaHUA (HOPMOBaHHLIX KOHTPONbHbLIX OTPE3KOB

9.6.4.1 Ecnu pesynbTaThl WUCMbITaHUA MOKa3bIBalOT HecooTBeTCTBME TpeGoBaHusM, Heo6xoauMO npu-
MeHSATb CrieayloLme NoSIOKEeHUs:

a)ecnu npuuMHOA HeyAoBNeTBOPUTENBbHOIO pesynbTaTa UCNbITaHUs SIBRAETCA HenpaBUNbHLIN MeTop,
UCTILITAHWA UMW NOKarnbHO OrpaHWYeHHbIM AedekT otaensHoro obpasua, pesynbTaTtoM Takoro UCTbITaHus
MOXHO npeHebpeyb, 1 criegyeT NPOBECTH MOBTOPHOE OTAEerNbHOE UCTIbITaHue;

b) ecnu npuuuHoit HeyAOBNETBOPMTENLHOMO pesynbTaTta UCTbITaHUs SBNAETCA He oTBevalowan Tpe6o-
BaHWAIM TepMuU4eckas o6paboTka, BCe YacT U3 NapTUM U COOTBETCTBYIOLLME KOHTPONbHbLIE OTPE3KWU AOMKHbI
CHOBa NPOWTU TepMUYecKyto 06paboTky, U cnefyeT NOBTOPHO NMPOBECTU BCE UCTIbITAHUSA B NOMHOM o6beme.

9.6.4.2 Ecnv pesynbTaThbl NOSTyYeHbl Ha OCHOBE UCTbITaTerbHbIX 06pasLoB, KOTopble NpU YCIIOBUM, YTO
OHW MpaBurbHO oToGpaHbl M MCMbITaHLl, HE COOTBETCTBYIOT TpeGoBaHUsIM, HeO6X0AUMO BLINONHUTL Che-
JYIOLLME MOBTOPHbIE UCTIbITAHUSA:

a) uCnbiTaHUe Ha pacTsHKeHWe: UCTIbITaHWe criefyeT BbINONHUTL NOBTOPHO AN ABYX o6pasuos Ans uc-
MbITaHWA Ha pacTsKeHue, B3ATbIX U3 OAHOrO UCTLITATENbHOIO NUCTA; pesynbTaTbl 060UX UCIIbITAHWUI A0MK-
Hbl COOTBETCTBOBaTL TPEOOBaHUsAM;

b) ncnbiTaHne Ha usrnG: ncnbiTaHUe crieayeT BbINOMHWUTL NOBTOPHO 4NN ABYX 00pasLOB AN UCTIbLITAHUA
Ha u3rnb, B3ATLIX U3 OQHOrO UCMbITATENBLHOMO NUCTA; pe3ynbTaTbl 060UX MCNLITAHWIA AOMKHBI COOTBETCTBO-
BaTb TpeboBaHWAM;

C) UcnbiTaHue Ha yaap: UcrbiTaHue criegyeT BbINONHUTL NOBTOPHO ANnA Tpex o6pasuoB ¢ V-06pasHbiMu
Happesamu no Lapnu, B3ATLIX M3 O4HOIO UCMbITATENbLHOIO NUCTa.

1) CpegHee 3HauyeHue, NonMyYyeHHOe Ha OCHOBE BCEX LUECTU OTAeNbHbIX 06pasLoB, AOMKHO GbiTb paBHO
unu GorbLue ykazaHHOro MMHUMAasbHOIO 3HaueHus.

2)He bonee AByX W3 LWECTU OTAEMNbHbLIX 3HAYEHWUIA OOMKHbLI OblTb MEHbLUE YKa3aHHOTO MUHWUMASIbHOMO
3HaueHwus.

3) He Gornee oAHOro W3 LWIeCTM OTAENbHbLIX 3HAYEHWUI JOMKHO ObiTb MeHblwe 70 % yKa3aHHOrO MUHU-
MaribHOro 3Ha4YeHUs.

B cnyyae uvcnbiTaHWit napTuu, pesyrbTaTbl KOTOPbIX HE COOTBETCTBYIOT CheLMdUKaLMM, UCTIbITAHUS
cneayet BbINOMHWUTL NOBTOPHO Ha ABYX APYrUX (POPMOBAHHBIX YacTsX M3 O4HOW NapTvM, pesynbTarhl UCTbl-
TaHWiA JOMKHLI COOTBETCTBOBATH CreLMuKaLmum.

Ecnu pesynbTatbl Kakux-nu6o MOBTOPHbIX WCMbITAHUA He OTBevaloT TpebGoBaHuAM, TO coeguHe-
HUsi/4acTU, NpeacTaBrieHHble UCMblTaTenbHbIM FIMCTOM, AOMMKHbI OblTb NMpU3HaHbI HECOOTBETCTBYIOLLMMU
JaHHOM YacTy HaCTosILLEro cTaHaapTa.

9.7 BusyanbHbIii KOHTPONb U NPOBEpPKa pa3MepoB

dopmoBaHHblE YacTy, NpeaHa3Ha4YeHHble Ansi paboTbl NoA AaBNeHUeM, AOMKHLI NPOXOAUTL BUSyallb-
Hblii KOHTPOIb U NPOBEPKY pa3MepoB B YCNOBUSIX NOCTaBKU U3rOTOBUTENEM LUTAMIMOBAHHOMO Uanenusi. Pe-
3ynbTaTbl BU3yanbHOro KOHTPONS W NPOBEpKU pa3MepoB CrieayeT AOKYMEHTUPOBaTb.

9.8 MapkupoBka

dopmMoBaHHble U3enus, CocTaBnsAloLLUe YacTb cocyaa, NpeaHasHa4eHHoro Anst paboTbl Noa AasneHueMm,
DOmMkHbI 6bITb MapKUPOBaHbL! B COOTBETCTBUM CO crieuudukaLveit matepuana. B aTom criyyae oT MapkupoBku
Npon3BoAuUTENsl OCHOBHOrO MaTepuana MOoXHO oTkasaTbcsi. Heobxoaumo obecneuntb npocrnexusaeMocTb
Onsl oOcCHOoBHOro matepuana. Kpome toro, cnegyet Ao6aBuTb MapKUpOBKY M3roTOBUTENS (hOPMOBaHHOIO W3-
Oenus. B cnyyae ucnbiTaHWil napTvn onkHa BbiTb o4eBMAHA NpUHAANEXHOCTb K napTun. O6osHayeHue
cneayeT NoAAepXMBaTh OT KOHTPONbHLIX OTPE3KOB A0 (POPMOBaHHbLIX M3LENUIA, U3 KOTOPLIX OHU B3ATHI.

[Ans ¢opMoBaHHbIX M3aenuii HeborbLWOro pasmepa (HOMVHasbHLIN pa3mep MeHee 220 MM) paspelua-
eTcs MapK1poBKa cornacHo 4.2.2.2b).

9.9 [lokymeHTauus

[ns cdbopmMoBaHHbIX U3OENUA, COCTaBMAOLMX YacTb cocyaa, NpeaHa3HadeHHoro ansa paboTtkl nog Aas-
neHuem, TpebyeTcs cneayioLlas JOKYMeHTaLUA:

a) bnaHk KoHTpakTa ¢ cybnoapsaqMkoM (ecnu hopMOBKa BLINOSHAETCA He MPOW3BOAMTENIEM COocyaa,
npegHasHaueHHoro ans paboTbl Nog AaBNeHUeEM);

b) cepTudumkaT Ha UCxoaHbIA MaTepuan;
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C) TMN TepMuyeckoi 06paboTku 1 3anuck O ee NposeaeHUK, ecnu Tpebyeres;

d) pesynbTaThbl UCMbITAHWA KOHTPOMNBHOIO OTPe3ka (hbopMOBaHHOIO U3genus, ecnu TpebyeTcs;

€) onucaHue hopMOBaHHOI YaCTU C OCHOBHLIMU HOMUHAMbHBIMW pa3MepamMu 1 cteneHb decopmauum B
cny4ae XOonoAHOoM LiTamnoBkn 6e3 TepMu4eckoin o6paboTku;

f) MapkupoBku.

10 Tepmuueckas o6paboTka nocne ceapku (PWHT)

10.1 O6wue nonoxeHus

Tepmuyeckast obpaboTka nocrie cBapKu OOSKHA BbIMOSHATLCA COrMacHo NUCLMEHHOW npoleaype, B
KOTOPOW yKa3aHbl NapaMeTpbl, ABMAIOWMECs peLualoLMMM Ans npouecca Tepmuyeckoli o6paboTku.

O6opynoBaHue, UCMonb3yemMoe AN TepMuueckor obpaboTku, AOMKHO COOTBETCTBOBATL AAHHOW Tep-
Muueckor obpaboTke. OHO AOMKHO obecrnednBaTbh TeMNEpaTypHbIA KOHTPOMNb B YacTu, NpeaHa3HaYeHHoN
Ansi paboTbl noa AaBneHveM, ¢ Hapnexalweid TOYHOCTbI U NMOCTOSIHCTBOM, OCODEHHO Ans MaTtepuanos,
MMEIOLLVX Marblid 4OMyCTUMBIA TEMNepaTypHbIin MHTEpPBan Ass TepMU4eckoin oG6paboTku.

MpoussoanTenb AOMKEH OOKYMEHTUPOBaTh U cepTUdULMpoBaTh NpoLece TepMuydeckon o6paboTku co-
CyAOB MINU YacTel, NpeaHasHayYeHHbIX Ans paboTbl Nog AaBneHueM, ¢ ykasaHMeM TeMnepaTypbl BbiepxKy,
CKOpPOCTU NporpeBaHUA U OXNaXaeHUs U BpeMeHU BblAepXXKW.

MpumeuanHue 1 — B CR ISO 17663 [7] npegocTaBneHa noneaHas MHgpopMaLuus, Kacalowasca KOHTPONA KayecTsa

Tepmuyeckoi 06paboTku nocre ceapku.

Mpumeuanue 2 — Tepmudeckas o6paGoTka cornacHo Tabnuue 10.1-1, ocoGeHHO B BepXHEM UHTepBane Temnepa-

TYpb! BbIAEPXKKM W/UNN BPEMEHU BbIASPKKM, MOXET CEPbE3HO MOHM3UTL (PU3NYECKME XapaKTepUCTUKK (Hanpumep,

npegen TeKy4ecTu, Npeaen NpoOYHOCTU Ha PacTshHKEHUe U yAapHylo BA3KOCTb MaTepuana), creayeT yduTbiBaTh A0-

NOMHUTeNLHOEe BO3AEHCTBUE HECKOMNBKMX LIMKIOB NporpeBaHus. OTO BO3AEACTBME ONUCAHO U ONYGNMKOBAHO Kak

napametp P XonnomoHa — Dxacde, cornacHo ypasHeHuio (10.1-1):

P=Ts(20+lg t1o-3, (10.1-1)

roe Ts — TemnepaTypa Bblaepxku, K;

t — BpeMs BbIAEPKKM;
lg = log1o.

Bes npeasapuTensLHOrO COrMalleHUss Mexay NpousBoguTeneM CocyaoB/uacTei, NpeaHasHa4eHHbIX A4S
paboTbl Nop, AaBneHMeM, U NPoU3BoAUTENEM MaTepuarnoB thakTudeckasi TeMrnepaTtypa OTiycka Matepuana
NT (HopmanuaoBaHHOro U oTnyLLeHHoro) unu QT (3akaneHHoro u OTNyLLIEeHHOro) He AoIMKHA GbiTh HWKE A0~
nycTuMmoi Temnepatypbl cornacHo Tabnuue 10.1-1. TemnepaTypa Tepmuyeckoii o6paboTiv nocne csapiu,
npesbILaloLLas TeMnepaTypy OTrycka MOXeT YXYALWUTbL MeXaHU4ecKkme XxapakrepucTuki maTepuana.

10.2 YcnoBus Tepmuyueckoi o6pabotku

10.2.1 Tepmuueckasi o6paboTka nocre ceapku, 3a UCKIIOYEHUEM MATEpPUArioB, OTHOCALLMUXCA K rpynnam
10.6 n 10.7, normkHa NPUMEHSATLCS K CTansM B COOTBETCTBUM ¢ Tabnuueit 10.1-1 no 3aBepLUeHUU CBAPKU.
MpumeyaHue — Tepmuueckyto 06paGoTKy nocre CBapku MOXHO BbIMOIHSATL ANs CTanei TONWMWHO| MeHblle 3Haqe-
HWiA, ykasaHHbIX B Tabnuue 10.1-1. K Takum cnydasm GyayT oTHOCMTbCS COCyAbl, MpeaHasHavyeHHbie Ans akcnnya-
Tauum C WUCMONb3OBAHWEM CPEACTB, KOTOPble MOMYT Bbi3biBATb pacTpecKUBaHUE B pesynbTaTte Kopposuu nop
HanpsKEHUeM, MU NpeJoTBPAaLLEHME XPYTKOro usrioMa B cootsetcTeumn ¢ EN 13445-2:2009, npunoxexue B.

Ecnu ans Tuna u npoueaypbl TepMyMYeckoit 06paboTku nocne cBapky peluaioliee sHadeHue umeeT nna-
KMpOBaHWe MNakupoBaHHOIO NTUCTA, TO Takue AaHHble AOSKHbI JOKYMEHTUPOBATLCS U MPUHUMATLCA B pac-
YeT Mpu oLleHKe XapakTepUCTMK OCHOBHOIO Matepuana.

10.2.2 Ecrnv B cocyfe UMEeIoTCA CBapHbIe LLBbI, COBAMHAIOLLME YaCTU, pasnuyHble no TonLlMHe, TonLwmu-
Ha, ucnornb3yemasl B NPMMEHWMbIX Tpe6oBaHUsAX ANna TepMmuyeckoi o6paboTky nocne cBapku, AonXHa ObiTb
cnepyoLuas:

a) HaMeHbLUasA TOLLMHA U3 TOMLLMHBI ABYX YacTel, CBapuBaeMbIX APYr € APYroM BCThIK;

b) TonwmHa o6onoyku B COeAUHEHUM C KPOMKaMK, CTeHKaMu Tpy6 UNn B aHanorU4HLIX COeaUHeHUAX;

C) TonwmHa ceBapHoro wea 0GONMOYMKM MM TOPLIEBOro nncta ¢ NpuBapeHHon (pOpCYHKOW B CBapHbIX
LWIBaX KpenneHust hopCyHKu;

d) TonwuHa OCHOBHOrO MaTepuarna, NOMHOCTLIO MNaKUpPOBaHHOTO C UCNONbL30BaHNEM CTOWKOrO K KOppo-
3un matepuana (NNakMpoBaHHbIA NUCT);

€) TOonLMHa OCHOBHOIO MaTepuana, pasgeneHHasi Ha YeTbipe B NepekpbiTUM CBaAPHOro LWBa MaTepuana,
NnakupoBaHHOIO C UCMOMNb30BaHWEM CTOMKOTO K KOppo3uK Matepuana, ayCTeHUTHOro UM Ha OCHOBE HUKENS.
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10.2.3 Ecnu nocne Tepmuyeckoi o6pabotku nocne cBapku BLINOMHAIOTCA A06aBOYHbIE CBapHbie LBbI
UNU PEMOHT CBapHbIX LWBOB, HEO6XOAUMO BbLIMONHATHL AOMONHUTENBHYI0 TePMUYECKYI0 06paboTKy B cooT-
BercTBum ¢ 10.3. TonwmHa, ucnonbayemasn ans onpeaeneHns TpebyeMoro BpeMeHu BbIAEPXKKA Npu Temne-
paType, AOMmKHa 6biTb paBHa TOSLUMHE CBapHOrO LUBA, BLIMOIHAEMOro nocne Tepmuyeckoi o6paboTku
rocrie CBapKu.

Ta6nuua 10.1-1 — TepMnuyeckan o6paboTtka nocne cBapku

@ Cranb TepmooGpaboTka nocne ceapku
@ 2 Ycnoeus Tep- -
ES ";Z:gg:g%'";“; HomuHane- | Bpems Bbi- er;pe;pa-
> -
e § CopT vnu Tun CornacHo Teprana Has‘aa :g?;l;:Ha ne“;):(:u, BLI .D.fg)KKVI,
EN 10028-2:2003 <35° 30
EN 10216-1:2002
EN 10216-2:2002
HenerupoBaHHble E: 18512::’3383
cTanv : N
1.1 EN 10217-2:2002 >35<90 e,-5
EN 10217-4:2002 - unu 550 — 600
EN 10217-6:2002 NT
EN 10222-2:1999
12 HopmMarnusoBaHHble E: 182?2:33882
MEIKOSEPHUCTBIE | £\ 10217-3:2002 > 90 40+058,
1.3 cranv EN 10222-4:1998
EN 10028-2:2003 N <35° 30
EN 10216-2:2002 unm >35<90 e,—5
1.2 16Mo3 EN 10217-2:2002 NT 550 — 620
EN 10217-5:2002 unu >90 40+05e,
EN 10222-2:1999 QT
EN 10028-2:2003 N <15 30
5.1 13CrMo4-5 ¢ EN 10216-2:2002 unu >15<60 2e, 630 — 680
EN 10222-2:1999 QT > 60 60 + e,
e EN 10028-2:2003 NT
52| 190010, | EN 10216-2:2002 wm | CornacHo ykasarmam ans | 670 — 720
EN 10222-2:1999 QT cranu 13CrMo4-5
5.3 X16CrMo5-1 EN 10222-2:1999 | NTunu A 700 — 750
NT <12 30
54 X11CrMo9-1 EN 10216-2:2002 unu >12<60 25e, 740 - 780
A > 60 90 +e,
. EN 10216-2:2002 CornacHo ykasaHusm Ans
6.4 | X20CrMoNivV11-1 EN 10222-2-1999 NT unu QT cranm ‘1’1 CrMo9-1 730-770
. . EN 10028-4:2003 <35° 30
oa | CramMOtRYo" | EN 10216-4:2002 Nm':‘;“o'f >35590 | e,-5 | 530-580
: Kp: EN 10222-3:1998 > 90 40+05e,
Kak npaBuno, cBapusaloTcsi C UCMONb-
EN 10028-4:2003 CM. cTaH- 30BaHWEM ayCTeHUTHOro NpUcagouHo-
9.3 X8Ni9 EN 10216-4:2002 [apT HaMa- | ro metanna. o npuduHe BO3MOXHOA
EN 10222-3:1998 Tepuan andpyanm yrnepoga tepmoobpabotky
nocne cBapku cnegyeT UCKnio4aTb
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OkoH4yaHue Tabnuubi 10.1-1

2 Yenosus TepmMuyeckoin 06paboTku OCHOBHOMO Marepuana:

A — oTo)OKeHHbIN; N — HopManu3oBaHHbIW; NT — HOpManu3oBaHHbIA U OTMNYLLEHHbIN;

QT — 3akaneHHbIA U OTNYLLEHHbINA

® HoMUHanLHas TonwMHa e, npeAcTaensieT coboi TonwmHy, Tpebyemyio cornacHo 10.2.2.

¢ [Ins TonwmHLl MeHee 35 MM TepMmudeckasa obpaboTka nocrne ceapku TpebyeTtcs Tonbko B 0cobbix criydasix (Ha-
npuMep, ANsi CHUKEHWS pyUcka pacTpeckMBaHWsi B peaynbTaTe KOppo3uu Mof HanpshkeHMeM W ruapokpekuHra (Bbi-
COKOCEPHUCTBLIN ras)).

d Tepmuueckas o6paGoTka nocne ceapku He TpebyeTcs Npu CneayroLMX YCroBUAX:

— TpyObl ¢ HOMMHANbHLIM AUMAMETPOM < 120 MM M HOMUHANLHON TOMNLLMHOW CTEHOK < 13 MM.

° Tepmuueckas 06paboTka nocne ceapku He TpebyeTca Npu CneayloLLMX YCIoBUAX:

— Tpy6bl C HOMUHaMNbHLIM AUaMeTpoM < 120 MM U HOMUHarLHON TOMLMHON CTEeHOK < 13 MM, pacyeTHaa Temnepa-
Typa > 480 °C.

MpumeyaHue 1 — Ycnoeus TepMuueckoit o6paboTku Matepuanos rpynn 2.1 1 3.1 6ygyT onucaHsl aanee.
MpumeyaHune 2 — CBeneHMs1 0 MEXaHUYECKMX XapaKTepucTUKax nocne tepmmyeckon obpabortkm cm. B 10.5.

10.3 Cnoco6 Tepmuyeckoit o6paboTku nocrne cBapku
10.3.1 Tam, roe 37O BO3MOXHO, TepMuueckass obpaboTka cocyaa AOMMKHA BbIMOMHATLCS C NOMOLLbBIO
nporpesaHusi ©4MHUYHOIO LKA B 3aKPLITON Neun.

Mpumeyanue — Ecnu Ha npakTMKe HEBO3MOXHO BbIMNOMHUTE TEPMUYECKYI0 06paboTKy B neun cocyna LeIUKOM,
paspeluaeTcs UCNonb3oBaTh cnocobbl, onucaHHbie B 10.3.2 — 10.3.6, HO cnefyeT OTMETUTb, YTO 3TU CNOCOOLI He
MOryT ofecneyuTb Takyl Xe cTeneHb HeBOCNPUUMYMBOCTU K PacCTPECKMBaHUIO B pe3ynbTate KOppo3uu noa Ha-
npshkeHneM.

10.3.2 [lonyckaeTcsl TepMudeckas o6paboTka 3aKOHYEHHOrO cocyaa No CeKUUsIM B 3aKpbiToW neyn, B
3TOM CIy4yae HaroXeHue HarpeBaemMoro cocyaa JOIMKHO CocTaBnsaTe MuHumyM 1500 mm nnm 5,Re,, , B 3a-
BWCMMOCTM OT TOro, kakoe 3HayeHue Gonbuie. Mpu 3TOM AnNA onpeaeneHnss MeXaHU4YeCcKMX XapaKTepucTuk
Heo6XxoAMMO NpUHMMAaTL B pacyeT AONONHUTENbHbLIA TeMnepaTypHbIil LMK B 30HE HaNOXKEeHUs.

MpumeyaHne — R — BHYTPSHHUI paanyc, e, — HOMUHanbHas TonwuHa, Tpebyemas cornacHo 10.2.2.

Ecnu ncnonb3yeTcs Takol cnocob, yacTb 3a npeaenaMu nevm HeobxoauMo 3almwiaTts TENNOU3oNaLMU-

OHHbIM MaTepuarnomM, YTobbl OCEBOI TemnepaTypHbIA rPagueHT HarpesaemMoi YacTu obycnaenuBancs Tem,
YTO MeXAay TOuKOW usmepeHuss «0» B KOMNOHEHTe cpasy 3a npeaenaMu neuv ¢ TeMnepaTypoin To U TOMKOM

M3MepeHus1 Ha paccTosiHUU 2,5,/Re,, 3a npefenamu neyn pasHuua Temnepatyp coctasnsna AT < 0,5 To.
HeobxoanMo yuuThiBaTh BNMSIHUE COEAMHEHWIA, Hanpumep, hOPCYHOK, Neperopoaok U T. 4., Ha Temne-
paTypHbIi rpagueHT U TeMnepaTypHblin 6anaHc.
10.3.3 JonyckaeTcs TepMuyeckasi 06paboTka KonbLEeBbIX CBapHbIX LUBOB B 060noykax fokanbHo ¢ no-
MOLLbIO NpOrpeBaHus 3alMTHONA NeHTbl No BCeil ANMHE OKPY)XHOCTU, B TAKOM Crlyyae LuMpyUHa HarpeBaeMoi
nonock! 4ormkHa BbiTb He MeHee 5./Re, CO CBapHbLIM LLBOM NocepeamHe.

Ecnu konbLeBble cBapHbIe LBbI, NPOXOASALIME TepMUyeckyo 06paboTky nocne cBapku, HaxoaaTcs Me-
XAy oB0noYKoi M BbiNyKNbIM UMK NonycgepuyeckiM AHULLEM, HarpeBaemasi nornoca AofbkHa MOKpbIBaTh
BeCb BbiNyknbid Topel. LUMpuHa HarpeBaemoi nomnocbl Ha CTOpoHe OBONMOYKM AOIKHA COCTaBMAThb
25,Re, .

HeobxoauMO ycTaHOBMTE [OCTATOMHYIO TennosawmTy, oGecnevuBarolLyto, YTobbl TeMnepaTypa cBap-
HOTO LLIBa 1 €ro 30H TEPMUYECKOro BNUAHUA Obina He MeHblue 3aJaHHoW TemnepaTypbl, U 4To6bl TeMnepa-
Typa Mo KpasiM Harpesaemoii Mosnockl Obifia He MeHblue MoroBUHbI MakcMMarnbHoi TemnepaTypbl. Kpome
aToro, criegyeT obecneunTb TENMOM3ONALMIO CMEXHOW YacTu cocyAa 3a npefenamu 30Hbl NPOrpeBaHus,
4yToObl TEMNEpPaTYPHbIA rpaaueHT He WMen oTpuuaTtenbHoro Bo3gencTausi. HeobxoaMMo yunTbIBaTL BRMS-

HWe coeAuHEHUW, Hanpumep, popcyHOK, Meperopoaok U T. A., Ha TeMNepaTypHLIA rPagueHT U TeMneparyp-
Hbli 6anaHc.

MpuMeyaHune — [ns Tennousonsuuu pekoMeHayeTcs MUHUManbHas LMPUHA M3ONSILMOHHOW nonockl 10 Ren co
CBapHbIM LLBOM NnocepeguHe.

10.3.4 PaspeluaeTcs flokanbHO BbIMOSHATL TePMUYeckyto o6paboTKy naTpyGkoB, OpCYHOK Unu Apyrux
CBapHbIX CO8AUHEHWIA MU YacTUYHBLIX PEMOHTOB B 060104Kax C MOMOLLbIO NPOrpeBaHuns 3aLlUTHOM NOMoCh
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cornacHo ykasaHuam 10.3.3, LUMPMHA Harpesaemol Monochl JOMKHA OXBaTbiBaTb MUHMMANbLHBLIA OTPE3OK
25,Re, B KaXaoM HanpaBneHWM oT rpaHuLibl CBApHLIX LUBOB, MPOXOASALUMX TEPMUYEcKYo 06paGoTKy.

10.3.5 JonyckaeTca TepMmuyeckas obpaboTka cocyaa M3HYTpU, Ans 3TOro COCyA crneayeT MOfHOCTLIo
NOKPbITbL TENNOU3ONALMOHHBIM MaTepuanoM. Bo Bpemsi TepMmuueckoit o6paboTku Heobxoaumo cneauTb,
4TO6bl HE BO3HUKANO BHYTPEHHEee AaBreHne, KOTOPOE MOXET YXYALUMTb CHUXKEHWNE HanpPsHKeHus.

10.3.6 Tepmuueckas 0bpaboTka nocne cBapku COCYA0B C PasHOWN TOMNWMUHOW B OAHON NeYn JOMmKHA Bbi-
NOMHATLCS B COOTBETCTBUM C TpeGoBaHUsIMK No TepMuyeckoi 06paboTke, OTHOCALLMMUCS K COCynam C Hau-
Gonbluelt TONWMHON, HAXOAALMMCH B NeYu.

Ecnu aTo TpeGyeT BpeMeHU B 3aBMCUMOCTU OT Temnepatypbl 6onee 3 4, fomkHLI cobnioaaTbea Tpebo-
BaHusa 10.5 ans BCex CocyaoB B Neyu.

10.4 NMpouenypa TepMuyecKkon 06paboTkm nocne cBapku

10.4.1 TemnepaTypa 1 Bpemsi TepMuyeckoin o6paboTkn nocne cBapku AOIMKHbI COOTBETCTBOBATL yKa-
3aHuaAMM Tabnuubl 10.1-1.

Tepmuyeckasi o6paboTka ocTanbHbIX MaTepuarnoB, He NpuBeAeHHbIX B Tabnuue 10.1-1, gomkHa cooT-
BETCTBOBaTb CreliudukaLum U3roToBUTens matepuana.

10.4.2 Bo Bpemsi NporpesaHus 1 oxraxaeHusa ans temnepatypbl go 500 °C konebaHue TemMnepatyp no
BCEMY cocydy WS KOMMOHEHTY He AOrpkHO npesbiwarb 150 °C B npegenax 4500 MM, 1 TemnepaTypHbIA
rpagueHT [omkeH ObiTb nocTeneHHbIM. [inA Temnepatypsl Bbilwe 500 °C Takoe kornebaHue He AOMKHO npe-
BbilwaTtb 100 °C.

Bo Bpems nNporpeBaHus u BbIZEPXKKA HEOBXOAUMO perynupoBaTth atMoctepy neum Tak, Ytobbl npegoT-
BpallaTh Ype3MEepHOe OKWUCNEeHWe NOBEPXHOCTU COCYAA MINM KOMNOHeHTa. He [NOMmMKHO BO3HWMKaTL NPAMOro
OTpaXXeHWS NNaMeHn Ha COCyA UMW KOMIMOHEHT.

Korga cocya unu KOMMOHEHT [OCTUI paBHOMEPHOI TeMnepaTypbl BbiaepXku (cM. Tabnuuy 10.1-1), ata
Temneparypa A0orkHa NoAAePKUBATLCSH B TEYEHNE BPeMeHW, ykasaHHoro B Tabnuue 10.1-1.

10.4.3 B cnyyae Tepmudeckoit 06paboTku nocrne ceapku B Ne4u Temneparypa B ne4un B To BpeMs, koraa
COCYyZ UNW KOMMOHEHT NOMELLaeTcs B Nevb UNU U3BNeKaeTcs! U3 neuyun, He AOMKHa NpeBbillaTh creaylowue
3HayeHus:

— 400 °C ans cocynoB UM KOMMOHEHTOB HECNOXHOWU (POPMbI MIU C TOLLMHON e, < 60 MM;

— 300 °C anst cocynoB U KOMMOHEHTOB CMOXHON (POPMbI UMK C TOMLUMUHOMA €, = 60 MM.

CKopoCTb NMporpeBaHust UMu oxraxaeHUs1 CocyZia U KOMIMOHeHTa He [IOFDKHA NpeBbIllaTh cneayiowme
3HaYeHus:

— Ans TONWWHbLI e, < 25 MM: 220 °CH,
— ANA TONLWMHBI €, > 25 MM 1 < 100 MM: (5500/e,,) °Clu,
— ANs TONWMHBI e, > 100 Mm: 55 °CH,

rae e, — HoMMHanbHas TONwMHa B MuUnnumeTpax, Tpebyemas cornacHo 10.2.2.

10.4.4 3agaHHas TemnepaTtypa AomkHa ObiTb (hakTueckoil TemnepaTypoil kako-nubo YacTu cocypa
WK 30HbI, MPOXOASLLEN TepMUYECKy0 06paboTKy, U [OMMKHa ONPEAENATLCS C MOMOLLbI0 TEPMOANIEMEHTOR B
ahHEKTUBHOM KOHTaKTE C COCYAOM.

10.4.5 HenpepbIBHO 1 aBTOMaTUYECKU JOMKHO 3anuCbIBaTLCA AOCTAaTOYHOE KOMUMYECTBO 3aMepoB TeM-
nepatypbl. Heo6xoauMo Ucronb3oBaTh HECKOSIbKO TEPMO3SIEMEHTOB, YTOBLI 06ecne4nTs To, YTO Temnepa-
Typa BCEro cocyga wunv Bcel 30Hbl, NoABepralwmuxcsi TepMuyeckori o6paboTke, HaxoOUTCA B yKasaHHbIX
npegenax, u YTo He BO3HUKAIOT HeXXenaTesibHble TeMnepaTypHbIe rpagueHTbl.

KonnyecTBo 1 pa3amelleHne TepMO3IEMEHTOB AOMKHO BbiTb AOCTATOMHBIM ANS MOATBEPXAEHWSA TOro,
4yTO YypoBneTBopsoTes TpebosaHus 10.3 n 10.4.

10.5 MexaHW4ecKue XapaKkTepUCTUKM Nnocrie TepMUuyeckoil o6paboTku

10.5.1 Tepmuueckasi obpaboTka nocne cBapku AoSDKHA MITAHUPOBATLCS C YYeTOM ee BIIMSHUA Ha Mexa-
HUYECKME XapaKTePUCTMKN OCHOBHOrO Martepuana, nucra, nokKoBOK, TPyO M T. 4. U BCeX CBapHbIX LUBOB,
BKITI04aA 30HbI TEPMUYECKOrO BIIUSHUS.

Mpumevanne — Cuutaertcs, Yo ans matepuanos rpynn 1.1 u 1.2 (3a ucknoveHueM 16Mo3) 6naronpusTHoe BO3-

feiicTBMe TepMuyeckoid 06paboTku nocne CBapkU TAKOBO, YTO 66 BMUSHWE Ha NMPOYHOCTL OCHOBHLIX Marepuanos

He TpebyeTca yunThIBaTh ANl BpeMeHU MeHee 3 4 B 3aBUCUMOCTU OT TeMrnepaTypbl.

10.5.2 Ecnu Bpemsi B 3aBUCMMOCTM OT TeMrepaTtypbl npesbiwaeT 3 4 4ns matepuanos rpynn 1.1 1 1.2
(3a uckmoueHuem 16Mo3), BnusHue BpemMeHu, 3aBucsLLEe OT Temnepatypbl, HeOOXO0AMMO NpYHMMaTL B
pacyeT ¢ MOMOLLbIO YKa3aHUsl TOr0, YTO:
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a) nmbo ecnu cakTUyeckuii Npegen TeKyvecTu U npeden NPOYHOCTU Ha pacTsHKEHWe COrnacHoO cBuae-
TenbcTBy 00 MCMbITAaHUsIX COOTBETCTBYOLLEro MaTepuana Ha = 15 % Bblle YKa3saHHOr0 MUHUMAnNbHOIO 3Ha-
YeHus nepep TepmoobpaboTkoii nocne ceapku, U TeMneparypa nepexoga Ay~ T-KpUBOW UIA MMHUMAIBLHOTO
UCNbITaHUA Ha yOap NpoAeMOHCTpUpoBaHa npyu TeMnepartype ucnbitaHusa Ha 30 °C HuKe ykasaHHOW TeMne-
paTypbl UCTbITAHWA, TO NpOBEpKa AOMMKHA CYUTATLCS MPUeMIIEMONA;

b) nnbo xapakTepucTuku maTepuana nocrie CBapku U TepMU4EcKoil 06paboTKM COOTBETCTBYIOT MUHU-
MarnbHbIM TpeGoBaHUsAM cneuvduKaLmum, YTO Nokasarna ogHa us creayowmx NpoBepokK:

— UCMbITbIBAEMbIX MaTepuanoB, NpoLLeaLnX TepMUYeckylo obpaboTtky ¢ cocynamu;

— MCNbITaTenbHbIX OTPE3KOB, NOABEPrLUMXCH CMOAENMPOBaHHOW TepMuyeckoil obpaboTke nocne ceapku
nocTaBLLUKOM MaTepuana;

— UcnbiTaTenbHbLIX OTPE3KOB, NOABEprUMXCS CMOAENTMPOBAHHOM TepMuyeckoin obpaboTke narotoButensi
cocyaa.

10.5.3 [Ins Bcex ocranbHbIX MaTepuaros, 3a UCKITIOYEHUEM MaTepvanos, yka3aHHbix B 10.5.2, Temne-
paTtypa TepMudeckoit 06paboTkv nocre cBapku AOKHA 6biTb MMHMMYM Ha 30 °C HWXKe MakCUManbHOU Tem-
nepartypbl OTNycKa, U BpeMs npu Temrneparype tTepMoobpaboTku nocne cBapku He AOMKHO GbiTh Gonee 3 u.

Korpa makcvmanbHas TemnepaTypa TepMuydeckoil 0bpaboTku nocne cBapkuM He COOTBETCTBYET YCIOBUIO
TemnepaTypbl MUHUMYM Ha 30 °C Hwxe TemnepaTtypbl OTIycKa, UNK BpeMsi TepMuyeckoin obpabotku nocne
CBapku npesbiaeT 3 4 (BkNoYas cutyauuu, koraa cornacHo Tabnuue 10.1-1 TpebyeTcs Gonbliee Bpems),
TO BNUsiHME TepMudeckoit o6paboTkn nocne CBapku Ha XxapakTepUCTUKU TaKoro Marepuarna [OIKHO ObiTb
NpoAeMOHCTPUPOBAHO OOHUM U3 CrieayioLmUX MyHKTOB:

— Ha 1CMbITbIBaEMbIX MaTepuanax, NpoLueALmx Tepmuyeckyio o6pabotky, ¢ cocyaamm;

— Ha ucnbiTaTenbHbLIX OTpe3kax, NOABEepriuMXC CMOAENUPOBaHHOW Tepmudeckoi obpaboTke nocne
CBapku NOCTABLLMKOM MaTepuana;

— Ha UCMbITATENbHbLIX OTPE3Kax, NOABEPrUUXCH CMOAENMPOBAHHON TepMmnyeckon obpaboTke MaroToBu-
Tens cocyaa.

I'Ipumeanwe - anI MoaenmposaHUU BNUAHUA AONMMX NnepMooB BpemMeHU B 3aBUCUMMOCTU OT TeMnepartypbl gonyc-

KaeTCq BKIO4YaTb HECKOJSIbKO TepMUYEeCKNX OﬁpaGOT OK cornacoBaHHONo BpemMeHu. B kauectBe anbTepHaTUBbl MOX-

HO UCMOrb30BaTh He3Ha4YUTEmNbLHO OTMvaloLLylocs TeMnepaTtypy (140 °C) U BpeMsi N0 CCbiKe Ha TeMnepaTypHo-

BpeMeHHOI napameTp rno XonnMoHy — [bkadpdpe.

10.6 HeoaHopopaHbie theppUTHbIE COEAUHEHUA

10.6.1 Ecnu cocya narotosrneH us deppuUTHbIX cTanei pasnuyHbiXx COpTOB, Tepmu4eckoi obpaboTke
nocne ceapku Heobxoaumo yaensTb 0co60e BHUMaHME B OTHOLIEHUW BMUSAHUA HA MEXaHUYeCKUe xapakre-
PUCTHKK.

10.6.2 Ecnn makcumanbHasi TeMmnepaTtypa, Tpebyemas cornacHo Tabnuue 10.1-1, Ana ogHoro mate-
pvana B HeOAHOPOAHOM COeAWHEeHUW paBHa unu Borblue MUHUManbHOW TeMnepaTypbl BTOPOro Matepuana,
Hanpumep, B coeauHeHun Matepuana 16Mo3 ¢ 13CrMo4-5, To Tepmuyeckana o6pabotka nocne cBapku
[OMKHa BBINOMHATLCA ANA MaTepuana ¢ Hambonee BLICOKO TemnepaTtypoi cornacHo tabnuue 10.1-1, HO
HacKOJbKO 9TO BO3MOXHO MpaKTu4ecku, AorkHa ObiTb npubnuxeHa K MUHUManbHOK Temnepartype. B atom
OTHOLLEHUV BPEMSA LOMKHO USMEPATLCH, KOraa TEPMO3NIEMEHT C HaUMEeHbLLUM NoKasaHueM JOoCTUraeT Tem-
nepatypbl Ha 10 °C HWXe MUHMManbLHOW Temnepartypbl, ykasaHHoin B Tabnuue 10.1-1 (6e3 HeobxoammocTu
NOBTOPHOW aTTecTauum TexHomnorum ceapku). Cneayert yuntbiBaTh BNusiHME 9710 6Gonee BbICOKON TeMnepa-
Typbl U, BO3MOXHO, 6oMbLUero BpeMeH Ha MexaHU4Yeckue XapakTepucTUky BTOPOro Matepuarna B COOTBeT-
cTBMU ¢ TpebosaHuamm 10.5.2 n 10.5.3.

10.6.3 Ecnu MakcumanbHas TemnepaTypa, gonyctumas cornacHo tabnuue 10.1-1, ogHoro matepuana
B HEOOHOPOAHOM COEAMHEHWUU HWKe, Y4eM MUHWManbHasA AonycTUMas TemnepaTypa Afis BToporo matepua-
na, Hanpumep, B coeauHeHun 13CrMo4-5 ¢ X11CrMo9-1, To HeoGXooumo npuaepXuBaTbCA O4HOro U3 crie-
OYIOLLUX HanpaBneHui.

a) Tepmuyeckass ob6paboTka coeauHeHUst B COOTBETCTBUU C YCIOBUAMU ANsi MaTepuana, Tpedylowero
6Gonee BLICOKYHO TemnepaTtypy cornacHo Tabnuue 10.1-1, 1 BbINONHeHWe cMoaenupoBaHHoW 06paboTku opy-
roro matepuvana ansa onpegereHus npMeMneMbiX MEXaHUYECKUX XapaKTepucTuK ans npoekrta. Cioga Heob-
XOAUMO BKMIOMAaTh BO3AEHCTBME TEpMUYECKor 06paboTku nocne cBapky Ha 3Ha4YeHUsi yaapa u MUKPOCTPYK-
TYpY B JOMNOMHEHUEe K NPOYHOCTM.

b) PekOHCTPYKUMS COBAVHEHUR ANs BKIOYEHUS NepexoaHOro martepvana, KOTopbiii nepekpbiBaeT TeM-
nepaTtypHbI MHTepBan.
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Tpumep — Mepeslii caapHoli woe mamepuana X11CrMo9-1 ¢ mamepuasiom 10CrMo9-10 u mepmuveckas 06-
pabomka nocne ceapku npu memnepamype (730 — 750) °C, samem cnedyiowjuil ceapHoil wioe mamepuana
10CrMo9-10 ¢ mamepuanom 13CrMo4-5 u mepmuyeckass ob6pabomka nocne ceapku npu memnepamype
(670 - 690) °C.

c)MepekpbiTe CBapHOro LBa B MOAFOTOBKaX COSAWHEHWA HepKaBeloweih CTanbio WU MeTanmnom
CBapHOrO LUBA C BbICOKUM COAEPXKaHMEM HUKENSI.

Tepmuueckas o6paboTka nocrne CBapku KaXKOOro KOMMOHEHTa no OTAenbHOCTU Npu Temneparype 1
BPEMEHU, KOTOPble COOTBETCTBYIOT ATs KaXA0ro Mmatepuana B CoequHeHuu.

Csapka KOMMOHeHTa/CodeTaHns MaTepuanoB CBapHbIX NepeKpbIBaOLLMX COeAUHEHUIA C UCMONb30BaHU-
€M HepXaBeroLLlei cTanu/meTanna ¢ BbICOKUM COAEPXaHWeM HUKens, Nocrne 3TOro AONOSHUTENbHaA TepMu-
yeckasi 06paboTka cBApHOro LUBA He BbIMONHAETCS.

10.6.4 Ecnu cBapHOii LLIOB HaxoauTCA MeXAY KOHCTPYKLMOHHOM YacTblo M YacTbio, NpefHazHa4YeHHoM
ans paboTbl Noa AaBneHMeM, TepMudeckas o6paboTka nocrne cBapku JOMMKHA BbIMOSHATLCS KaK ANs 4acTy,
npegHasHa4YeHHoOM ans paboThl Nog AaBreHuemM.

10.7 CneuuansHbie MaTepuanbi

[ns TepMuyeckor 06paboTku nocne ceBapku COCyAOB, U3rOTOBIMEHHbIX U3 METannoB, OTHOCALWMUXCA K
rpynnam matepuanos 5.1, 5.2, 5.3, 5.4, 6 n 9.3, ¢ ucrionb3oBaHUeMm COrfacoBaHHOroO NPUCAAOYHOro MeTar-
na, HO ecfiM Mapka maTepuvana oThenbHo He ykasaHa B Tabnuue 10.1-1, MoXHO BblGupaTh Niobylo Temnepa-
Typy Bhilwe 600 °C, korga aTo B NMonHon Mepe oopMIIsSieTcs AoKYMeHTanbHo. Mpn aToM MexaHu4eckue xa-
paKkTepucTUkM nocne TepmMoobpaboTku AOMKHbI GbiTb NMOATBEPKAEHbI C NOMOLIBIO OAHOrO U3 BapuaHTOB,
onucaHHbIx B 10.5.3.

Ecnn matepuan obnagaeTt ocobbiMu XapakTepucTukaMmu, UCNonb30BaBLIMMUCA B NPOEKTUPOBAHUU CO-
CyAa, M 3TN XapaKTepUCTMKM MOXHO CCHOPMUPOBATL TONBKO C NOMOLLLIO CreLuanbHON TepMudeckon obpa-
60TkM, 3TO cneayeT AOKYMEHTMPOBATb U NPUMEHATb Kk cocyay. MexaHuveckue xapakrepuctTuku nocne Tep-
MU4eckoii 06paboTkM [OMmkHbI GbiTh NOATBEPXKAEHbI C NOMOLLBIO OAHOTO W3 BapUaHTOB, ONMUCAHHbLIX B
10.5.3.

11 PeMOHT
B aTtom paagerne onpeaeneHbl TpeGOBaHMH B OTHOLLIEHUM peMOHTa NOBEepXHOCTU U CBAPHOIo LLIBA.

11.1 PeMOHT AedeKTOB NOBEPXHOCTU OCHOBHOIO MeTanna

Ecnu BO3HUKAIOT HE oyeHb rmnybokue aedekTbl NOBepXHOCTU, HaNMpUMep, cllydaiHble KpaTepbl B pe-
3ynbTaTe KacaHusi ANeKTPOAOM, Criefibl pesua UMU criefbl aBTOreHHOW pesku, AedekTbl creayeT YCTpaHAaTb
C MOMOLLBIO LUMUMOBKM, M y4acTOK OCHOBAHUA AOIDKEH MMETb MNaBHbIA Nepexod C NPUMbIKAIOWKUMKU No-
BepxHocTsMU. LLinucoBka fomkHa conpoBoXaaTbcsi BU3yarnbHbiM obcriejoBaHuem AedekToB NOBEpXHOCTH.
CnyyaiiHble KpaTepbl B pesynbTaTe KacaHWs 3NeKTPOAOM Ha OCHOBaHMM B UCXOAHLIX MaTepuanax, Kpome
mMatepuanos rpynn 1.1 u 8.1, oomkHbl NpoxoguTb UcnbitTaHus MT unu PT cornacHo EN 13445-5:2009.

HeobGxoguMo KOHTponupoBaTs rnybGuHy ycTpaHeHus AedekTa ¢ Lienbio cobniogeHnsa 4onycTumbIX npe-
[ernos Ass ocTaBLUerocs Matepuana.

B cny4yae HapalwmBaHus CBapHbIX LUBOB UMM ecnin WnudOoBKa YMEHbLIAET TONLUUHY CTEHKU HUXe A0-
NyCTUMOro 3Ha4YeHus1, U TpebyeTCcss PEMOHT C MOMOLLLIO CBapPKW, U3rOTOBUTENb AOMKEH BbINOMHATL TaKoi
PEMOHT B COOTBETCTBMU C aTTECTOBaHHOW TEXHOMOrMen CBapku M ksanuuUUpoBaHHLIMKA CBapLUMKaMU U
onepaTtopamu. Moasepratowmitics o6paboTke y4acTok crniegyeT obcneposath cornacHo EN 13445-5:2009,
Tabnuua 6.6.2-1, pucyHok 24.

MpumeyaHve — O6LWan kocMeTuyeckas LUNMGOBKA MITM 3a4ucTka (HanpuMmep, yaaneHue MW3nWLWHEero metanna

CBapHOro LLBa) He CYUTAETCA PEMOHTOM.

11.2 PeMOHT AedheKTOB CBapHbLIX WBOB

Bce HenpuemneMble HeJOCTaTKU AOMKHbI YCTPaHATLCS NGO MexaHUYeckUuMU CpeacTBamMy (TakMMM Kak
wnudoska unu obpaboTtka Ha cTaHke), NM6o TepMuyeckumu crnoco6amu (TakMMKU Kak BO3AYLIHO-AYroBas
CTPOXKa UNu TepMUYecKkas CTPOXka), TGO C MOMOLLbI0 KOMBUHALMM MeXaHUYECKUX CPEACTB U TEPMUYECKUX
cnocoboB. PelleHne 0 TOM, Kak crieayeT YCTpaHATb HenpueMnemble aedekTbl, OTHOCUTCA K OTBETCTBEHHO-
CTW usrotoBuTens. PEMOHT MOXHO BLINOMHATL JIOKANbHO WM G MOMOLLbIO YAareHUa CBapHOro wwBea us
coeuHeHUsA, U 3aTeM ﬂOBTOpHOI?’I CBapKu.
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Ecnn TepMuyeckas unu BO3AyLWHO-AYroBas CTPOXKa MCMOMNb3yeTCH HA ayCTEHUTHBIX CTansix, Heobxo-
AVMO NpOCNeavTb 3a yaaneHueM 3arpsisSHeHWId OCTaTo4HOro CBapHOIO LUBa vy marepuana. AHanor4Ho
Npy CTPOXKE YrONbHLIMK 3rEKTPOAAMM, UCNONL3YeMOoin Ha (heppUTHBIX CTansx, MOBPEXAEHHYIO NOBEpX-
HOCTb Heo6X0AUMO yAansATb MexaHUYeCKUMKU cnocobaMu Ha MUHUManNbHYIO rIy6uHy 0,3 MM.

Ecnu yctpaHsiloTca HenpueMnemMble HeAOCTaTKU U He COMpOBOXAAIOTCS CBapKOW, BCA OCTaBLUAACH
TonLMHa JorkHbl 6biTb Gonblue, YeM MUHUManbHas TonwmHa, Heobxoaumas Arsi COOTBETCTBUS NPOEKTY,
€CIN orpaHUYeHHbIA Y4acTOK He yaoBneTBopseT ycroBusam 5.4.5. YyacTok AoimkeH MMeTb nnaBHblA nepe-
X0 C NPUMbIKAIOLLIMMK NOBEPXHOCTAMMU.

PeMOHTLI ¢ NOMOLLBIO CBapkW AOMKHLI BBINOMHATLCS B COOTBETCTBUMM €O crieLduKalvein TeXHONomnmm
CBapkKu, koTopas bbina arrecrosaHa cornacHo TpebosaHusm, onpepeneHHbIM B 7.3.

MpumeyaHue — 1o MoxeT GbiTh Ta e cneuucuKkaLMs TEXHONIOTMM CBapKW, KOTOpas UCTONb30Banach Ans Bbiron-

HeHuA coeauHeHus nepBoHavYanbHO, UNK cneuanbLHO artTeCToBaHHaA npoueaypa peMoHTa.

PeMOHT [OMKeH BbINONHATLHCA KBANMPUUMPOBaHHbIMY CBapLUMKaMM1 UMW onepaTopamMu B COOTBETCTBUM
¢ TpeboBaHusAMM, onpeneneHHbIMU B 7.4. [INA y4acTKOB C OTPEMOHTUPOBAHHLIMWA CBApHLIMU LLIBaMK Criefy-
€T NpOBECTU HepaspyLualowue UCIbITaHUA B COOTBETCTBUM C TpeboBaHusimu EN 13445-5:2009.

Korpa pemoHTHan cBapka BbINONHAETCA Nocne TepMuyeckon o6paboTku nocne csapku Unu rmapasnu-
YEeCcKOro UCMbITaHUA, 3TW onepauuu cneayeT NpoBecTy MoBTOpHO. JlioGasi AononHUTENbLHasi TepMuyeckas
obpaboTka, BbiNonHsiemas B cooTeeTcTBuUM ¢ 10.2.2, fomKkHa paccMaTpuBaTbCs B NoKasaTensx ee BO3Aen-
CTBUSA HA XapaKTepucTUKU MaTepuana u CBOMCTBa CBApHOIO LUBA.

12 3aBeplualowme npoueaypbl

3asepLuatoLLiye npouieaypbl AOMKHBI MPOBOAWUTLCS MOCME TOro, Kak COCyA NpOLUen UCNbiTaHue NMoj Aas-
nexHvem, 1 nepea oTrpy3Kkoi/NoCTaBKON.

Mpumeyanmne 1 — Lienbio 3aBepLUatoLLMX NPOLIEAYP ABMSIETCS 3alyuTa COCYAa OT YAapOB U 3arpsi3HEHUs BO BpeMsl
TPaHCMOPTMPOBKYW, MOHTaXa W NOACO8AUHEHUS K 060pyA0BaHuIO.

Ecrn nocne UCMbITaHWiA NoA AaBMNEHUEM W Ha repMETUMHOCTb HEOBXOAUMO BLIMOMHEHNE TePMUYECKUX
Unn MexaHW4eckux onepauui, To 06paboTky, UCTIbITaHUS NoZ AaBreHUEM U HAa TepMETUYHOCTbL U 06paboTKy
NOBEPXHOCTU HEOBXOAMMO BhIMOMHUTL CHOBA.

MpumeyaHue 2 — OgHaKo 3TO ycrioBue He NPUMEHSIETCS K KOMNOHEHTaM, KOTOpbie He CNOCOGCTBYIOT MEXaHUYECKOM
NpOYHOCTM cocyaa.

HeobxoauMo BbINonHeHWe creaylowux 3aBepLuaoLLnx npoLeayp:

a) NonHas Nnposepka BHYTPEHHEN U BHELLHEN NMOBepXHOCTY;

b) ounLLeHUe BHYTPEHHMX NOBEPXHOCTEX U NOMHOe NpocyLUMBaHue cocyaa;

C) 3awuTa Bcex priaHLeB U hopCyHOK NMPOTUB YAAPOB U OKUCIEHUS;

d) 3awmTta BHyTpPEHHE! NOBEpPXHOCTM NPOTMB KOPPO3UM B peaynbTate Bo3aencTBus atMoctdepbl U Npo-
TUB nonagaHusi NOCTOPOHHMX BELLECTB.

MpumeyaHune 3 — [ONOMHUTENLHLIE 3aBepLUAlOLLMe NpOoLeAypbl, HanpuMep, NeckocTpyrHas obpaboTtka, okpaluu-

BaHWe, npoTpaBnMBaHMe®, nNacCUBMpOBaHWE, Kak nNpaBuno, COrnacoBbiBAlOTCA CTOPOHaAMW, 3aKmio4aloWuMn

KOHTPAKT.

92



CTB EN 13445-4-2009

MpunoxeHune A
(cnpaBou4HoE)

KOHCTPYKLMOHHbIE 40MNYCKU

KOHCTPYKUMOHHbIE OOMYCKN KPOME AO0MNYCTUMbIX OTK/IOHEHWW, onpefeneHHbiX B 5.4 1 5.5, He AOMKHbI
npeBbllWaTb 3HaYeHUs, yka3aHHble B Tabnuuyax Al - A.4. OTU 3HaYeHUS cuMUTaloTCs pauMoOHasIbHbIMWU 3Ha-
YEHUAMU, KOTOPble U3TOTOBUTENIb MOXET NMPUMEHATL K N3roTaB/iMBaeMbiM UM 3/IEMEHTaM.

Ta6bnuua A.l1 - JlonycTUMble OTK/IOHEHUs ANs hOpPCyHOK

nemeHT Ne

11

12

13

1.4

15

1.6

1.7

1.8

1.9

Tun paccmaTpnBaeMbIX OTK/IOHEHWIA 1 3/1EMEHTOB

BblpaBHMBaHVWe nposieta M/I0CKOr0 COeAUHEHUS, BbIPaXeHHOe B BUAe
OYHKUUN TONWUHBbI COEAUNHEHMS

OTKNIOHEHME MeXAy MOBEPXHOCTbIO hnaHua n kKacaTenibHoW nuHum (LT)
Topua unan onopHoi nuHnel (LR)

OTK/MOHeHWe Mexay ocbio gop- CoeaunHnTenbHasa gopcyHka S 100 mm
CYHK/ 1 ONoOpHOW nuHneit (LR) Apyrve opcyHKuN 1 1toKn
OTK/IOHEHNE MeXAy OCbio (POPCYHKM U OCblo, NapansensLHoOi ocn cocyna

OTK/IOHEHVE OTHOCUTENIbHO Teo- CoefauHUTENbHAA POPCYHKa
peTMYecKoro HanpasfieHusi, W3-

MepsieMoe Mo KOJbLEeBOMY OT-

KTOHEHUIO  MeXAy  NVHUAMW,  Jliok

dhopMupyoWMMK  Onopy, U ¢op-

CYHKOW

OTKMOHeHNe  Mexay BHewHum CoeauHuTeNbHas hopcyHka
cnoem (osiaHLa 1 CTEHKOI cocyaa  Jliok

HaknoH BHelwHero cfiosi pnaHya COeAMHNTENbHas hopCyHKa
OTHOCUTE/IbHO  TeopeTuuyeckoli JloK

naockocTu Ans naMepuTesibHbIX NPUG0OPOB
OTK/IOHEHME MeXy 0CAMN (POPCYHKUN A1 N3MEPUTE/bHBIX NPUGOPOB

Pa3HuLa B ypoOBHE MexAy ABYMs BHELUHWMU MOBEPXHOCTAMM thiaHua ans
M3MepUTENbLHOIO YCTPOKCcTBa

MpenenbHble
OTK/TOHEHUS

0,2 e

+5 Mm

+5 Mm
+10 Mm
+5 MM
+5 Mm

+10 Mm

+5 Mm
+10 Mm
+0,5°
+1°
+0,25°

+1,5 MM

+1 MM
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onemeHT Ne

94

TaGnuya A2 -JonycTunse OTKIOKEHNA NOCAE YyCTAHOBKA BEPTHKANLHOTO COCYLa

21

2.2

2.3

2.4

2.5

Tun paccmaTpyBaeMbIX OTK/IOHEHWIA 1 371EMEHTOB

PazHuuya B A/IMHE NO OTPE3KY | < 30000 mMm
L npegenbHbIx KacaTeslbHbIX
NUHUA(LT) L > 30000 mm

NokanbHbli  gedekTt, u3-
MepseMbli  Ha dopmMu-
pytouieii nnHmun

OTK/IOHEHNEe  MPSAMOJINHENHO-
CTU CTEHKM

OTK/IOHEeHUe MexXAy OCHOBHOI OCblo cocya 1 BEPTUKa/bio
L (2.1) cocypa

[lonyck Ha HeCOOCHOCTb ABYX CeKUMWi C pasHbiMU AunamMeT-
pamMu, BbIpaXeHHbIA B Buae (yHKUMM Hambonbliero aua-
meTpa D

OTKNIOHEHME No 06l el BbICOTe UK ob6LLel ANMHe cocyaa

MpepenbHble OTKIOHEHUA
+15 MM

+20 Mm

+6 MM

I+

MuH. (0,001 L; 30 mm)

+

MUH. (0,003 D; 20 MMm)

CoBOKyIMHble fONyCTUMbIE
OTK/TOHEHUSA
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Tabnuua A.3 - JonycThuse OTKNOHEHNA B CEAnax nonopax

MNpepensHble

3nemeHT Ne Tvn paccmaTprBaeMbIX OTK/IOHEHUIA 1 3/1EMEHTOB OTK/IOHEHNS
31 OTK/IOHEeHME M/IOCKOCTHOCTU HecyLei MonepeyHoe HanpaBsieHne +2 MM
NOoBEPXHOCTN Onopbl MpoaonbHOe HanpaB/ieHne +4 MM
3.2 OTK.I'IOt!EHl/Ie MexXAy Hecyleii ONOpPHOWN NANTOW N HWXHel dhopmupytoLeli +3 M
NnHnen cocyga
3.3 OTK/IOHEeHNEe MexXAy OCAMU KpaliHUX onop 5 Mm
3.4 OTK/IOHEHNE MeXAy OCAMU OTBepCTuiA nog 60NTbl +3 MM
3.5 OTK/NIOHEHNE MexXAy AnaroHansamMmun TopueBbiX ceaen +6 MM
3.6 OTK/IOHEHNE MeXAY YPOBHAMN TOPLOBbIX HECYLLMUX OMOPHbIX NAUT 0/+5 Mm
3.7 OTK/NIOHEHME MeXAy OCblo ceffla N KacaTe/lbHOW WM OMOPHOW NINHKENR co- +5 MM

cypa (LR)
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Tabnuua A4 - JonycThuse OTKNOHEHNA B CEANax W onopax

3nemeHT Ne Tun paccmaTrprBaeMbIX OTK/IOHEHUIA 1 3/1EMEHTOB MpeaenbHble OTKIOHEHNSA
41 PasHuua B pacCTOSHMU MexXAy HUXHEN NOBEepXHOCTbIO onop +6 MM
' W KOMbL,OM OCHOBaHUA M ONOPHON nuHunen (LR) -
4.2 HepocTaTtok nepneHAWKY/ISPHOCTU OMOP WM KOJbLA OCHOBa- +6 MM
' HUSA OTHOCUTENbHO Oceli nnu bkn cocyaa -
4.3 HepoctaTok N/IOCKOCTHOCTU +4 MM
OTK/IOHEeHVe opueHTauumM ot D <3000 mm +4 Mm
4.4 oceili onop cTBOJsIa WM OMNOpPbI 3000 mm < D < 6000 mMm +8 MM
o6LWMBKN D > 6000 MM +12 MM
4.5 OTK/IOHEHVe MexXxAy ABYMS OTBEPCTUAMU nog 601Tbl +3 MM
OTK/OHEeHMe [aunameTpa aHKepoBKW, BblpaXeHHOe B BuAe
4.6 A p P P A + MuH. (0,002 D, 10)

thyHKLUN TeopeTuyeckoro guametpa D
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Mpunoxexue B
(cnpaBo4Hoe)

O6pasel 6naHka cornaweHus ¢ cyonoapaaumKkom

Mexnapayus Ha paboTbl No cybnoapsAy ANA YacTen N KOMNOHEHTOB COCYAOR,
paboralowmx noa AasneHuem

OBLUUE NMONOXXEHWA
Cybnoapsauuk:

Wms n agpec cybnoapsaumka
NaroTtoBneHue ans:

Mms 1 agpec nsrotosutenst
[eTanbHble YepTexu:

Yeprex Ne, ucnpaeneHus

B cootBeTcTBMU C EN 13445-
Yactb Ne, Pepakums

MpoexT:
OcHoBHble ycrioBusi NpoekTa cocyaa, paboTalowiero noa AaBneHMem

P:::eer;oee T :nfr?: e;Haﬂa pynna Kateropus Honyck Ha Koadpcbuumnent | Moaynb oueHkm
A 6ap ’ o% Typa, uenbiTaHUin OMNacHOCTH KOppO3uio COeANHEHUA COOTBETCTBUSI

PABOTbLI NO CybBNoarPAnyY
OnvcaHue YacTu UK KoMMoHeHTa, paGoTalolero noa AasrneHueM, no cyénoapsaay:

06u.|ee HasBaHue usgenua ans 4actm U KOMMNOHeHTa U Konu4ecTtBo
PaGoTbl, BbINONHsIEMbIE MO cybrnoapsaay:

0] nMpoextuposatme:

ad dopmMoBKa:

ad Ceapka:

a Tepmudeckan obpabotka:

D Hepaspyu.lalou.wle UcnbiTaHUA:

D KOHTpOJ'IbHoe ucnbiTaHue:

HassaHue 0TBETCTBEHHOro opraHa, ecnu Heo6xoaumo:

Hwkenognucaswuiics nopTeepxaaer, uto pabotel No cybnoapsaay 6binu BbINONMHEHL B COOTBETCTBUU C
KOHTpakToM U TpeGoBaHUsIMU, ONpeAeNeHHbIMY BbiLLIE.

[laTta, mecTo: Cybnoapsauuk

HonxHocTb/noanuck
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MpunoxeHnne Y
(cnpaBouHoe)

OTtnuuus mexay EN 13445:2002 u EN 13445:2009

Pepakumna 2009 roga EN 13445 BknioyaeT B cebs pegakumio 2002 roga, a Take Bce NonpaBku U UC-

npaBrneHusi, BHeCEHHbIE 3a 3TOT CPOK.
K HanGonee BaHbIM U3MEHEHUSIM OTHOCATCS CriedyloLue NONMOXeHUs:
— JorosHUTenbHbIe Tpe6oBaHKA K MPOEKTUPOBAHUIO Ha OCHOBE pacyeToB (DBA);
— rnonpasku, KacaloLecst NoN3y4ecTu;
— COKpallieHWe KonuM4ecTBa UCNbITatesnbHbLIX IMCTOB AR NPOM3BOACTBEHHOTO UCTIbITaHUS.

98



CTB EN 13445-4-2009

MpunoxeHue ZA
(cnpaBo4Hoe)

B3aumocBsA3b MeXAay HaCToAWMUM eBponeMcKUM CTaHAapTOM U
OCHOBHbIMU TpeboBaHuaMu Aupektusbl EC 97/23/EC no o6opyaoBaHmio,
paboTalowemy noa gaBneHnem

HacTtosiwuii eBponeitcknuin ctaHgapT NOArOTOBIEH B COOTBETCTBUM G MOPy4YEHWEM, BbidaHHbIM EBpo-
nenckomy komutety no cranaaptusauum (CEN) Esponelickoin Komuccueit n Esponeiickoi accoumuaumein
ceobopHoi Toproenu ans obecneyeHust COOTBETCTBUA OCHOBHLIMU TpebosaHusm Oupektusbl 97/23/EC no
HOBOMY nogxoay K o6opynosaHuio, paboTatoLiemy noz 4aBneHUeM.

MockonbKy HacTOSLLMIA eBponeickuin cTaHaAapT NPUBOAUTCS B ocuumansHOM XypHane EBponeiickoro
colo3a noA AaHHOW AUPEKTUBO, U BHeApeH B kaYecTBe HaLMOHanbLHOro craHaapTa no KpailHel Mepe B ofl-
HOM rocyaapcTBe-yrieHe, CoOOTBETCTBUE MyHKTaM AaHHOro ctaHaapTa, npvBeAeHHbIM B Tabnuue ZA.1, noa-
pasymeBaeT B paMKkax o6nacTu AeWCTBMS HacToslero craHgapTa BO3MOXHOCTb COOTBETCTBMS OCHOBHbLIM
TpeboeaHusiM fAaHHOW [IUpeKTuBLI U CBSI3aHHLIMKU C HUMKU HOpM EBponelickoit accoumaummu ceoGonHoM Top-
rosnu (EFTA).

Ta6nuua ZA.1 — CooTBeTCTBME MeXAY HacTOSAILUMM 6BPONeCcKUM cTaHgapToM M Aupektusoi 97/23/EC no
o6opyaoBanumio, paboTaiowemy noa AaBneHUeM

Paspen (pasgenbl)/ noapasgen OcHoBHble TpeGoBaHuA
(ﬁﬂnpa(gneﬁbl) H)aCTO.glII:.)I.LeI{::) OvpexTuBbl 97/23/ECpno obopyaoBaHuio, YTOHHAIOLLUG KOMMEHTapUA /
©BpONencKoro craHaapTa paGoTaiowemy nog aasneHMem Mpumevanis
3,5 3.1 CooTtBercTByiOLLME CNOCOOLI U
TexHonorus
9.2,93 3.1.1 TexHonorus nNpovusBoacTea, hop-
MOBKa
7.6 3.1.1 MoaroToBka KOMMNEKTYIOLLMUX Yac-
Tei
73,8 3.1.2,7.2 XapakrepucTukM NOCTOSIHHBIX CO-
©0QUHEHUIA
74 3.1.2 KeanudpuuupoBaHHblii  nepcoHann
ONsl  BLINOMHEHUS  MOCTOSAHHBIX
coeAuHeHun
73,77,787.9, 11 31.2 Pa6ou4as npouenypa ansi Bbinor-
HEHUS NOCTOSIHHLIX COEANHEHWIA
94,10 314 Tepmuyeckas obpaboTka
4.2 3.1.5 MpocnexuBaeMocTb
12 3.21 3akniounTenbHbI KOHTPOIb

BHAMAHUE — K uspenuam, otHocsilmMcs K obnactu npuMeHeHMA HacTOsILLero craHaapra, MoryT
NPUMEHATLCA UHbIe TpeGoBaHuA U uHble [upekTusbl EC.
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[1] EN ISO 14731:2007 KoopauHupoBaHue cBapo4Hbix paboT. 3agaum u o6s3aHHOCTU

[2] EN 764-3:2002 O6opyaoBaHue, paboTalowee noa aasneHueM. Yactb 3. OnpeneneHve y4acTaeyiowmx
CTOPOH

[3] ISO 857-1:1998 Ceapka u cBsisaaHHble C He# npouecchbl. CnoBapb. Yacts 1. lNpouecckl cBapku Me-
Tannos

[4] EN 1011-2:2001 Ceapka. PekomeHaaumm no ceapke metannuyeckux matepuanos. Yactb 2. [lyrosas
cBapka peppuTHbIX cTanen

[5] EN 1708-1:1999 Ceapka. CoeauHeHusi cBapHble cTanbHbIX Agetanei. Yactb 1. KomnoHeHTbl 06opy-
JOBaHWA 1 cocynos, paboTalomx noa AaBrneHnem

[6] EN ISO 13916:1996 Csapka. PykoBoACTBO NO M3MEPEHUIO TemnepaTypbl NpeaBapuTenLHOro nogor-
peBa, TemnepaTypbl nepexoda W TemnepaTypbl COMyTCTBYIOLWIEro MOAOrpeBa Mpu cBapke
(ISO 13916:1996)

[7]1 CRISO 17663:2001 Csapka. TpeGoBaHusa k kayecTBy No Tepmuyeckoin o6paboTke B CBA3W CO cBap-
KO# 1 pogcTBeHHbLIMU npoueccamu (ISO/TR 17663:2001)
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