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Rules for the Classification and Construction of Sea-Going Ships of Russian Maritime 
Register of Shipping have been approved in accordance with the established approval 
procedure and come into force on 1 January 2021. 

The present edition of the Rules is based on the 2020 edition taking into account the 
amendments and additions developed immediately before publication. 

The procedural requirements, unified requirements, unified interpretations and 
recommendations of the International Association of Classification Societies (IACS) and the 
relevant resolutions of the International Maritime Organization (IMO) have been taken into 
consideration. 

The Rules are published in the following parts: 
Part I "Classification"; 
Part II "Hull"; 
Part III "Equipment, Arrangements and Outfit"; 
Part IV "Stability"; 
Part V "Subdivision"; 
Part VI "Fire Protection"; 
Part VII "Machinery Installations"; 
Part VIII "Systems and Piping"; 
Part IX "Machinery"; 
Part X "Boilers, Heat Exchangers and Pressure Vessels"; 
Part XI "Electrical Equipment"; 
Part XII "Refrigerating Plants"; 
Part XIII "Materials"; 
Part XIV "Welding"; 
Part XV "Automation"; 
Part XVI "Structure and Strength of Fiber-Reinforced Plastic Ships"; 
Part XVII "Distinguishing Marks and Descriptive Notations in the Class Notation Specifying 

Structural and Operational Particulars of Ships"; 
Part XVIII "Additional Requirements for Structures of Container Ships and Ships, 

Dedicated Primarily to Carry their Load in Containers". The text of the Part is identical to 
IACS UR S11A "Longitudinal Strength Standard for Container Ships" (June 2015) and S34 
"Functional Requirements on Load Cases for Strength Assessment of Container Ships by 
Finite Element Analysis" (May 2015); 

Supplement to Rules and Guidelines of Russian Maritime Register of Shipping "IACS 
Procedural Requirements, Unified Requirements, Unified Interpretations and 
Recommendations". 

Parts I ð XVII are published in electronic format in Russian and English. 
Part XVIII and Supplement to Rules and Guidelines of Russian Maritime Register of 

Shipping are published in electronic format in English only. 
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1 GENERAL 

1.1 APPLICATION 

1.1.1 The requirements of this Part of the Rules apply to materials and products that 
are subject, in conformity with the other parts of the Rules, to the survey by the Register. 

Requirements pertaining to the choice and application of materials and products shall be 
found in the relevant parts of the Rules. 

Requirements to the scope of survey and testing at the initial survey of manufacture of 
materials and products, as well as at carrying out of the Register technical supervision in course 
of their manufacture are stipulated in Part III "Technical Supervision during Manufacture of 
Materials" of the Rules for Technical Supervision during Construction of Ships and Manufacture 
of Materials and Products for Ships. 

1.1.2 Unless specified otherwise, materials and products shall meet the requirements 
of this Part of the Rules. 

1.1.3 Materials, being part of a structure or product, on which the requirements not 
included in this Part are imposed, due to conditions of their operation, as well as materials not 
regulated by this Part, the chemical composition, mechanical and service properties of which 
were not considered by the Register for a particular application, shall be considered by the 
Register on the basis of the normative documentation, calculation and test results. These shall 
confirm the construction or product safety level to be not lower that it is required by the 
corresponding Sections of the Rules. Requirements for technical supervision of metallic 
materials are specified in 2.4.1.3 of Part III "Technical Supervision during Manufacture of 
Materials" of the Rules for Technical Supervision during Construction of Ships and Manufacture 
of Materials and Products for Ships. 

Materials manufactured according to international and national standards or specifications, 
or other technical documentation may be permitted by the Register for a specific application, 
provided the requirements of the Rules are followed. 

The Register may permit the delivery of materials and products only in accordance with to 
the normative technical documentation reviewed by the Register. Given the distinctions between 
the above documentation and the Rules, materials testings and their assessment shall be 
carried out taking into account the strictest requirements. 

1.1.4 Type of technical supervision of materials and requirements for manufacturers in 
each case of application are determined in accordance with the Nomenclature of Items of the 
Register Technical Supervision (see Appendix 1, Part I "General Regulations for Technical 
Supervision" of the Rules for Technical Supervision during Construction of Ships and 
Manufacture of Materials and Products for Ships). 
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1.2 DEFINITIONS AND EXPLANATIONS 

1.2.1 Definitions and explanations relating to the general terminology of the Rules are 
given in Part I "Classification". 

For the purpose of this Part the following definitions have been adopted. 
Z - s t e e l  is steel with guaranteed through-thickness properties, which is intended for 

welded structures and can withstand considerable stresses perpendicular to the plate surface. 
P r o d u c t , for the purpose of this Part, means semi-finished products, chain cables and 

accessories, and ropes as well. 
R e g i s t e r  s t a m p  means a brand, stamp or punch of a certain type specified by the 

Register applied to finished products, or to products during their manufacture, to confirm the fact 
of survey by the Register and identify the products with the documents issued for them. 

A s p e c i m e n  is a test piece of specified shape and size prepared from a sample and used 
for the determination of mechanical, technological and other properties of material by testing. 

A p p r o v a l  o f  q u a l i t y  s y s t e m  means an action of the Register, certifying that the 
properly identified quality management system complies with the Register requirements. 

A  b a t c h  is the limited number of semi-finished products and products, to which the results 
of statutory tests are extended. 

I n i t i a l  t e s t s  mean a particular scope of control tests specified in a special program 
approved by the Register and performed during the works survey exercised by the Register prior 
to issue of the Recognition Certificate for Manufacturer to the works. 

A  s e m i - f i n i s h e d  p r o d u c t  is an ingot, slab, bloom, billet intended for further rerolling, 
technological treatment. 

A  s e m i - f i n i s h e d  p r o d u c t  is a casting, forging, plate or tube and etc. intended for 
machining and technological treatment to acquire the finished state. 

R e c o g n i z e d  l a b o r a t o r y  means a laboratory (center) included into the List of 
laboratories (centers) having Recognition Certificates of Testing Laboratories. 

A  s a m p l e  is a portion of a semi-finished product or product or a specially fabricated 
blank of which test specimens shall be machined. 

R e c o g n i t i o n  C e r t i f i c a t e  f o r  M a n u f a c t u r e r  means a document confirming the 
compliance of the manufacturer's products and conditions of their manufacturer with the 
Register rules and warranting the introduction (entry) of the works into the List of recognized 
materials and manufacturers. 

R e g i s t e r  C e r t i f i c a t e  (ʉe r t i f i c a t e )  means a document certifying the compliance 
of a particular volume of the specific type of product with the requirements of the Register. 

A c c e p t a n c e  ( c e r t i f i c a t i o n )  t e s t s  mean a test extent established by the Register 
rules or documentation agreed upon by the Register for the products delivered under survey by 
the Register; the test results serve the basis for issue of the Register certificates. 

M a n u f a c t u r e r ' s  C e r t i f i c a t e  means a document of the works certifying the 
compliance of a particular volume of the specific type of product with the requirements of the 
order and confirming that the products are manufactured in compliance with production practice 
adopted at works. The Manufacturer's Certificate is issued by the manufacturer and shall be 
certified by signature of the person representing the Quality Control Department. 

L a m e l l a r  t e a r i n g  is breaking of welded structure components, made of rolled plates 
or pipes, due to considerable welding stresses and/or external loads applied in the direction 
perpendicular to the plate surface. 
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1.3 SURVEY 

1.3.1 General. 
1.3.1.1 General provisions, regulating the scope and the procedure of survey shall be 

found in the General Regulations for the Classification and Other Activity. 
1.3.1.2 If the recognition of manufacturer is required by the chapters of this Part of the 

Rules, such recognition shall be performed prior to commencement of manufacture of products. 
For this purpose the Register carries out survey of the works, which comprises the following: 

.1 review and recognition of technical documentation specifying the properties and 
conditions of production. Review of technical documentation on materials and products, as a 
rule, is carried out prior to the testing of materials; 

.2 direct survey of production and the quality system of the firm, conducting of check 
testing. In course of taking the above actions, a compliance of the manufacture parameters and 
the products with the requirements of the documentation shall be confirmed (refer to 1.3.1.2.1) 
and the Rules of the Register, as well as the appropriate level of quality stability; 

.3 issue of the survey results: 
issue of the Recognition Certificate for Manufacturer or Type Approval Certificate (if the 

results are satisfactory); 
preparation of the conclusion on impossibility of issue of the above-mentioned Register 

documents (if the results are unsatisfactory). 
All the procedures necessary for obtaining the Recognition Certificate for Manufacturer and 

Type Approval Certificate and the documents, confirming the recognition of the firm and its 
products by the Register shall be executed in accordance with the requirements of Sections 2 
and 3, Part III "Technical Supervision during Manufacture of Materials" of the Rules for Technical 
Supervision during Construction of Ships and Manufacture of Materials and Products for Ships 
based on the requests of firms. 

1.3.1.3 During production the survey of materials and products in course of the technical 
supervision includes the following: 

.1 tests and inspection; 

.2 issue of the documents (refer to 1.4.3) on the basis of the results of tests and 
inspection. 

1.3.2 Testing. 
1.3.2.1 Check testing in course of the firm recognition is carried out according to the 

program approved by the Register. The program is prepared on the basis of appropriate 
requirements of this Part of the Rules, national or international standards and other technical 
documentation. 

Testing under the Register technical supervision during manufacture of products shall be 
conducted in compliance with the requirements of this Part depending on the materials and 
products subjected to the tests and RS-agreed standards and specifications. 

1.3.2.2 The site and time of the prescribed tests shall be specified by the manufacturer 
in advance. Sampling, test procedures, specimen cutout procedures shall be effected in 
compliance with the applicable requirements of the Rules (according to Section 2). Unless 
otherwise specified, the Register's representative shall brand the samples and specimens and 
the tests shall be carried out in his presence. 

1.3.2.3 Where the test results are unsatisfactory, unless otherwise specified in the 
relevant chapters, retesting shall be conducted with the following conditions being observed. 

1.3.2.3.1 Tensile test. 
From the semi-finished product, which has failed the test, a double number of specimens 

may be machined from the locality nearest to the area, from which samples have been originally 
cut out. 

In case the results of tests carried out on this double number of specimens are satisfactory, 
the semifinished product submitted to tests, as well as the relevant batch may be accepted. 
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If at least one specimen (from the additional set) yields unsatisfactory results, the semi-
finished product submitted shall be rejected. However, the Register may accept the rest of the 
batch, provided the test results obtained on two other semi-finished products of the same batch 
prove satisfactory. If one of two semi-finished products selected additionally yields 
unsatisfactory results, the whole batch shall be rejected. 

1.3.2.3.2 Impact test. 
The cases of unsatisfactory test results include: 
when the average value of three impact tests (KV) fails to meet the prescribed requirements, 
or more than one result out of three is below the required average value, 
or the result on any one of the specimens is more than by 30 % below the required average 

value. 
In any one of the cases listed, re-testing may be carried out on additional number of 

specimens machined from the same semi-finished product at the locality nearest to the area of 
preceding cutting-out. 

The submitted semi-finished product and the batch may be accepted if the new average 
value of test results (three initial tests plus three additional tests) exceeds the required average 
value and not more than two results out of six are below the required average value and not 
more than one specimen has yielded the result, which is below the required one by 30 %. 

Where the results of re-testing of the semi-finished product representing a batch are 
unsatisfactory, this product shall be rejected, but the remaining semi-finished products of the 
batch may be accepted in case where the results of tests carried out on two additional semi-
finished products of this batch are satisfactory. Where the test results of two additional semi-
finished products are unsatisfactory, the batch shall be rejected. The mentioned additional semi-
finished products shall be the thickest among the products available in the batch. 

The test principle proposed here for KV may be applicable to U-notched specimen. 
1.3.2.3.3 Where the test results are unsatisfactory due to local defects in the specimen 

material, faulty machining or faulty test equipment or in case of tensile test fracture occurs 
beyond the design length of the specimen, the test shall be repeated on the same number of 
specimens. 

At the manufacturer's discretion, the semi-finished products from the batch rejected may be 
submitted to tests item-by-item and where the results are satisfactory, they may be accepted by 
the Register for supply. 

At the manufacturer's discretion, the semi-finished products from the batch rejected may be 
re-tested after heat treatment, repeated heat treatment, or may be submitted as a category other 
than that initially declared. Where test results in case of such repeated submission are 
satisfactory for supply, the Register may accept the material. 

Any material that yielded unsatisfactory results during subsequent machining or application 
shall be rejected irrespective of the availability of records of tests carried out previously or 
appropriate certificates. 

1.3.2.4 If confusion of specimens or test results is detected or the test results do not 
make it possible to assess the material properties with the required degree of accuracy, the 
Register may require any tests to be repeated in the presence of its representative. 

1.3.2.5 Material produced, the properties of which do not fully agree with the 
requirements of this Part, the deviations being not essential for the operation of the structure or 
product, may be used in accordance with the purpose only subject to review of the deviations 
by the Register and in case a relevant application from the manufacturer and agreement of the 
customer is available. 
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1.4 MARKING AND DOCUMENTATION 

1.4.1 Identification. 
During manufacture of materials and products at works, the system of monitoring shall be 

applied, which enable to check the products manufacture at any stage, beginning from the 
original ladle of metal. Documentation confirming the availability of such a system at the works 
shall be submitted to the Register. 

1.4.2 Marking. 
Prior to submission to the Register representative the materials shall be respectively 

marked. The marking of the materials, unless specified otherwise, (the peculiarities of marking 
shall be agreed in advance and shall reflect the particular products properties, for example, refer 
to 3.2.9), shall be carried out according to the standards taking the following requirements in 
consideration: 

.1 in the case of semi-finished products delivered in single pieces each one of them shall 
be marked. For shipments in bundles two weather-resistant labels containing the marking shall 
be provided and firmly fastened to the opposite ends of the bundle. 

When a great number of semi-finished products is delivered and these are of small size, the 
marking procedure and the content of the marking shall be agreed with the Register. 

Semi-finished products to undergo further machining shall be stamped, as far as possible, 
in spots shall not be machined. 

The stamp shall stand out clearly and be framed with a bright paint resistant to atmosphere; 
.2 as a rule, the stamp shall include the following information: 
grade or quality of material; 
figures or other designation to indicate the origin of the semi-finished product (number of 

semifinished product, number of cast and the like); 
manufacturer's name or trade mark; 
stamp of the quality control service of the manufacturer's; 
Register's brand (if required); 
.3 if the semi-finished product does not withstand the tests required by the Rules or 

defects are revealed, which make its use in accordance with the purpose impossible, the 
Register brand and the material grade designation shall be removed or cancelled. 

Additional requirements to marking are stated in 2.4.3, Part III "Technical supervision during 
Manufacture of Materials" of the Rules for Technical Supervision during Construction of Ships 
and Manufacture of Materials and Products for Ships. 

1.4.3 Documentation. 
Every batch of the metallic materials and products, or a separate semi-finished product and 

a separate item, if the delivery is performed in single pieces, which passed the tests, shall be 
accompanied by the Register certificate. 

1.4.3.1 Manufacturer's Certificate. 
The Register representative simultaneously with the submission of the final material or in 

advance shall be presented with the Manufacturer's Certificate for Material. The Certificate shall 
be attested by the works quality division, witnessed by the authorized person, and, as minimum, 
shall contain the following data: 

name of the works and the order number; 
project number, if known; 
name, number, dimensions and mass of the semi-finished product with indication of the 

drawing number or sketch (if applicable); 
mark (grade) of the material, type of alloy, number of ladle and chemical composition;  
identification number; 
type and mode of heat treatment (if necessary); 
mechanical test results; 
non-destructive testing results (satisfactory or unsatisfactory), if applied. 
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1.4.3.2 The Register Certificate, at least, shall contain the following data: 
order number; 
building project, if known; 
name, number, dimensions and mass of the material; 
mark (grade) of the material and condition of supply; 
number of Manufacturer's Certificate; 
number of batch or semi-finished product or identification number, which enables to identify 

the supplied material; 
drawing number (if applicable). 
The obligatory supplement to the Register certificate shall be the Manufacturer's Certificates 

attested by the authorized representative of the Manufacturer. 
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1.5 LABORATORIES ENGAGED IN TESTING 

1.5.1 This Chapter applies to laboratories engaged in testing of materials subject to the 
survey by the Register. 

1.5.2 Testing of materials provided under the technical supervision of the Register by 
the recognized metallurgy works (holding the Recognition Certificate of Manufacturer) may be 
conducted without obtaining a Recognition Certificate of Testing Laboratory by the said 
laboratories. 

Laboratories of other firms or independent laboratories may determine chemical 
composition and conduct tests to determine mechanical and other properties of the items of 
supervision only after being recognized by the Register. 

1.5.3 The above-mentioned provisions fully apply to the laboratories engaged in testing 
of items of the Register supervision by non-destructive methods. 

1.5.4 Laboratories engaged in non-destructive testing of materials and products shall 
have a Recognition Certificate issued by the Register and/or any other appropriate document of 
the authorized national or international organization, which confirms the competence of the 
laboratory. In the Certificate or the document the scope and conditions of applying testing shall 
be defined. To be recognized for applying the ultrasonic testing, a request shall be forwarded to 
the Register supplemented by the following documents confirming that the laboratory is ready 
to carry out the non-destructive testing: 

documents in confirmation of availability of qualified personnel together with the name of 
the body having carried out the certification of the personnel; 

technical characteristics of relevant equipment and the scope of its application; 
instructions for personnel. 
Tests shall be made to confirm reliability of the test results and the possibility of their 

reproduction.  
The test program shall be approved by the Register. 
1.5.5 The results of material testing and investigations conducted are recorded in the 

prescribed way (entered in the test log, report, etc.). The test log (report, etc.) shall contain all 
the data necessary for the assessment of material quality and subsequent issue of certificate. 

A report of testing of products shall include at least the following information: kind of product, 
material and major dimensions of product, testing method, testing frequency, type of unified 
reference block, size and position of defects, name of operator and date of testing. 
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2 PROCEDURES OF TESTING 

2.1 GENERAL 

2.1.1 The requirements of this Section cover the types and procedures of testing 
materials, which are subject to survey by the Register during their manufacture. The need to 
conduct the tests and evaluation criteria of test results are defined in the relevant sections of 
this Part or other parts of the Rules. 

2.1.2 The Section gives general requirements for testing conditions, types and 
dimensions of test specimens, and their preparation. 

Alternative testing procedures and types of test specimens may be adopted, subject to 
approval of the Register and on condition that they provide adequate accuracy, reproducibility 
and dependability of tests carried out for determination of material properties required by the 
Rules. 

2.1.3 Types and procedures of special tests for the materials intended for specific use 
and evaluation criteria, if no instructions are contained in the Rules, shall be agreed with the 
Register. 

2.1.4 When tests are carried out, the requirements of the standards or other regulating 
documents approved by the Register shall be met. 

2.1.5 Samples, from which test specimens are cut shall have undergone the same 
treatment as the material, from which they have been taken (e.g. heat treatment). Test 
specimens shall be prepared in such a manner that properties of the material are not affected. 

2.1.6 All the tests shall be carried out by competent personnel on testing machines of 
adequate capacity being maintained in the appropriate operating condition. The measurement 
accuracy of testing machines shall be within Ñ1 %. The machines shall be regularly, as a rule at 
least once per year, checked and calibrated by the duly designated national authorities. 

The results of regular checks shall be submitted to the Register. 
Charpy machines for impact tests shall be verified in accordance with the requirements of 

ISO 148-2 or another RS-agreed standard. 
Machines for tensile/compression tests shall be verified in accordance with the 

requirements of ISO 7500-1 or another RS-agreed standard. 
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2.2 TESTING PROCEDURES FOR METALS 

2.2.1 Temperature. 
The temperature of the ambient air during the tests shall comply with the requirements of 

the standards unless expressly provided otherwise in the subsequent sections and chapters of 
this Part. 

2.2.2 Tensile tests. 
2.2.2.1 When carrying out tensile tests at the ambient temperature the following tensile 

properties of metals shall be determined: 
.1 yield stress Re is the value of stress measured at the commencement of plastic 

deformation at yield or the value of stress measured at the first peak obtained during yielding 
even when that peak is equal to or less than any subsequent peaks observed during plastic 
deformation at yield. 

Elastic stress rate shall be within the limits specified in Table 2.2.2.1.1; 

T a b l e  2.2.2.1.1 

Modulus of elasticity of the material E, N/mm2 
Stress rate, N/mm2 sï1 

min max 

< 150000 2 20 

Ó 150000 6 60 

 
.2 when no well defined yield phenomenon exists, the 0,2 % proof stress Rp0,2 shall be 

determined according to the applicable specification. 
For austenitic and duplex stainless steel products the 1 % proof stress Rp1 may be 

determined in addition to Rp0,2. 
The stress rate shall be as stated in 2.2.2.1.1; 
.3 tensile strength Rm is the value of stress corresponding to the maximum strain rate 

directly before the test specimen fractures. 
To determine the tensile strength Rm the test specimen is subjected to extension up to the 

fracture by the continuously rising strain rate. After reaching the yield stress or proof stress, for 
ductile material the machine speed during the tensile test shall not exceed that corresponding 
to a strain rate of 0,008 per second. For brittle materials, such as cast iron, the stress rate shall 
not exceed 10 N/mm2 per second; 

.4 fracture elongation A is the ratio of an increment of the gauge length after fracture to 
the original gauge length, expressed in %. 

The elongation value is, in principle, valid only if the distance between the fracture and the 
nearest gauge mark is not less than one third of the original gauge length (L0). However, the 
result is valid irrespective of the location of the fracture if the elongation value is equal to or 
greater than the expected value. 

Elongation A5 is usually determined on the small proportional test specimens when a gauge 

length is υȟφυὛ  υὨ. A0 is determined on the non-proportional test specimens, for instance, 

with a gauge length L = 200 mm and calculated by the formula 
 

ὃ ςὃ
Ὓ

ὒ

ȟ

 ȟϷ 

 
Non-proportional test specimens are usually used for ferritic type steels of low and medium 

strength made without application of cold working; 
.5 fracture reduction in area Z is the ratio of the difference between the original and the 

minimum cross-sectional areas of the test specimen after fracture to the original cross-sectional 
area, expressed in per cent. It is determined for test specimens of circular cross-section; 
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.6 when tensile tests are carried out at an elevated temperature, the test temperature 
shall be indicated by the inferior figure, for instance Rm/350, ReL/350, A5/350, Z350 where the number 
350 is the test temperature in degrees Celsius. 

2.2.2.2 For determination of the test specimen dimensions the following symbols are 
used, mm:  

d = diameter of the parallel test length; 
a = thickness of the parallel test length; 
b = width of the parallel test length; 
L0 = gauge length; 
Lc = parallel test length; 
S0 = cross-section; 
R = transition radius; 
D = external tube diameter; 
t = rolled products thickness. 
2.2.2.3 Tensile tests shall be carried out on the test specimens of the following types 

(refer to Fig. 2.2.2.3): Test specimens of rectangular cross-section with a gauge length equal to 

ὒ υȟφυὛ or of circular cross-section with a gauge length ὒ  υὨ are called proportional 

test specimens. 
Proportional test specimens are preferable for tensile tests. The minimum elongation values 

given in this Part are specified for these specimens. The gauge length ὒ of the specimen shall 
preferably be greater than 20 mm. 

The value of the specimen gauge length after its measuring may be rounded off to the 
nearest 5 mm, provided that the difference between this length and ὒ shall be less than 10 % 
of ὒ. 

Tensile tests for flats up to 40 mm thick shall be carried out with flat specimens of full 
thickness. It is allowed to reduce the specimen thickness by machining one of the rolled 
surfaces. The specimen thickness reduction shall be caused by the insufficient capacity of a 
testing machine. 

Tests shall be carried out on the specimens according to Table 2.2.2.3. 
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Fig. 2.2.2.3 

 

T a b l e  2.2.2.3 
Semi-finished 

product 
Specimen 

type 
Specimen dimensions 

Forgings, 
castings, bars 

Fig. 2.2.2.3 
(a) 

Proportional round specimens 
ρπ  Ὠ  ςπ, preferably 14 mm 

ὒ  υὨ 
ὒ ὒ ὨȾς  
Ὑ  ρπ άά (for nodular cast iron and materials with ὃ  ρπ %, Ὑ  ρȟυὨ ). 
For rods and products of small dimensions, test specimens of full thickness 
and with relevant other dimensions may be used. 
The axes of the round test specimens shall be located at approximately one 
quarter of the thickness from one of the rolled surfaces 

  Proportional flat specimens 

Plates, strips, 
sections 

Fig. 2.2.2.3 
(b) 

a = t (t ï plate thickness) 
b = 25 mm  

ὒ υȟφυὛ 

ὒ  ὒ ς Ὓ 

R = 25 mm 
for plate thickness t equal to or less than 12,5 mm the specimens may be 
allowed:  

ὦ  ςὸ, 
Ὑ  ςὸ 
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Semi-finished 
product 

Specimen 
type 

Specimen dimensions 

  Non-proportional flat specimens 

  a = t (t ï plate thickness)  
b = 25 mm  
L0 = 200 mm  
Lc = 212,5 mm  
R = 25 mm 
When the capacity of the available testing machine is insufficient to allow the 
use of test specimen of full thickness, this may be reduced by machining one of 
the rolled surfaces. 
During weldability test the butt-weld and deposited metal are tested according 
to 2.2.2.8. 
For materials over about 40 mm thick, proportional round test specimens with 
dimensions as specified in Fig. 2.2.2.3 (a) may be used 

  Full cross-section specimen with plugged ends 

Tubes Fig. 2.2.2.3 
(c) 

ὒ υȟφυὛ 

ὒ  υȟφυὛ ὈȾς, where ὒ is the distance between the grips or the plugs, 

whichever is the smallest 

 Strips cut longitudinally 

Fig. 2.2.2.3 
(d) 

ὥ  ὸ  
ὦ  ρς άά  

ὒ υȟφυὛ 

ὒ  ὒ ςὦ 
Round test specimens may also be used provided that the wall thickness is 
sufficient to allow the machining of such specimens to the dimensions as 
specified in Fig. 2.2.2.3 (a) with their axes located at the midwall thickness 

Semi-finished 
products of 

wrought 
aluminium 

 According to 2.2.2.5 

 
Test specimens for a tensile test, as a rule, shall be cut out so that their longitudinal axes 

were aligned with the metal basic deformation. Test specimens may be cut out transverse if 
there is the relevant instruction in sections of this Part. During the works initial survey the rolled 
plates can be tested using both the longitudinal and transverse test specimens. 

2.2.2.4 For the determination of tensile strength Ὑ  of nodular cast iron, test specimens 
of circular cross-section shown in Fig. 2.2.2.4 shall be used. For small size forgings and castings 
the specimens of the acceptable length and cross section size corresponding to the product 
cross section may be used. 

 

Fig. 2.2.2.4 

 
2.2.2.5 Flat specimens shall be used in tensile tests of semi-finished products of wrought 

aluminium alloys for thicknesses up to and including 12,5 mm. The tensile test specimens shall 
be prepared so that both rolled surfaces are maintained. For semi-finished products over 12,5 
mm thick, round tensile test specimens are used. Test specimens from semi-finished products 
up to 40 mm thick are cut out so that their axis is located in the middle of the thickness. Test 
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specimens from semi-finished products over 40 mm thick are cut out so that their axis is located 
at a distance from one of the surfaces equal tone quarter of the thickness. 

2.2.2.6 When wire is tested, its specimens of full cross-section shall be of the following 
dimensions:  
ὒ  ςππ άά,  
ὒ  ὒ υπ άά. 
2.2.2.7 Through thickness tensile tests shall be carried out on test specimens the 

longitudinal axis of which is perpendicular to the rolling surface (direction Z, refer to 
Fig. 2.2.2.7-1). 

 

Fig. 2.2.2.7-1 

 
Test procedures and dimensions of the round specimens shall comply with the RS-agreed 

national and international standards. 
The testing scope is given in 3.14.4. 
For plates and wide flats, one test sample shall be taken close to the longitudinal centreline 

of one end of rolled piece representing the batch as shown in Fig. 2.2.2.7-2. 
The sample shall be large enough to accommodate the preparation of 6 specimens. 3 test 

specimens shall be prepared while the rest of the sample remains for possible retest. 
The test is considered invalid and further replacement test is required if the fracture occurs 

in the weld or heat affected zone. 

 

Fig. 2.2.2.7-2 

 
The dimensions of specimens are selected depending on the rolled products thickness. For 

thicknesses up to 27 mm the specimens are recommended having diameter d = 4 mm with a 
variable parallel test length ὒ to ensure using a solid specimen having no welded-on gripping 
parts. For thicknesses from 27 to 45 mm the specimens having a diameter d = 6 mm shall be 
used, for thicknesses over 45 mm ð d = 10 mm. 

2.2.2.8 In weldability tests (refer to 2.4) tensile test specimens shall have the following 
dimensions: For deposited metal tensile test: 

d = 10 mm; 
L0 = 50 mm; 
Lc Ó 55 mm; 
R Ó 10 mm. 
When necessary, the specimens of other dimensions may be used; the geometrical 

relationship of the above parameters therewith shall be observed; 
for butt-weld tensile test (refer to Fig. 2.2.2.8): 
a = t; 
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b = 12 mm for t Ò 2 mm; 
b = 25 mm for t > 2 mm; 
Lc = width of weld +60 mm; 
R Ó 25 mm. 
The upper and lower surfaces of the flat specimen weld shall be machined flush with the 

surface of the base metal. 

 
Fig. 2.2.2.8 

 
Specimens are permitted: 
b = 2t for t Ò 12,5 
R = 2t for t Ò 12,5 
b = 25 for t > 12,5 
R Ó 25 for t > 12,5. 
2.2.2.9 The tolerances on specimen dimensions given in 2.2.2 shall be in accordance 

with ISO 6892-84. If made according to the RS-agreed standards, the specimen deviations shall 
comply with these standards. 

2.2.3 Impact tests. 
2.2.3.1 The impact toughness KCU shall be determined on Charpy U-notch type test 

specimens as in Fig. 2.2.3.1-1 and Table 2.2.3.1-1, the impact energy KV and KU on Charpy V-
notch type test specimensand Charpy U-notch type test specimens as in Figs. 2.2.3.1-2 
and 2.2.3.1-3, and Tables 2.2.3.1-2 and 2.2.3.1-3. 

 

 

Fig. 2.2.3.1-1 Fig. 2.2.3.1-2 

 

 
Fig. 2.2.3.1-3 
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T a b l e  2.2.3.1-1 
Dimensions Nominal Tolerance 

Length L, mm 55 Ñ0,60 

Width b, mm 10 Ñ0,10 

Thickness a, mm 10 Ñ0,10 

Depth below notch h, mm 8 Ñ0,10 

Root radius r, mm 1 Ñ0,10 

Distance of notch from end of test specimen L/2, mm 27,5 Ñ0,40 

Angle between plane of symmetry of notch and longitudinal axis of test specimen ɗ, deg 90 Ñ2 

T a b l e  2.2.3.1-2 
Dimensions Nominal Tolerance 

Length L, mm 55 Ñ0,60 

Thickness a, mm 10 Ñ0,06 

Width b, mm 10 Ñ0,11 

 7,5 Ñ0,11 

 5,0 Ñ0,06 

Angle of V-notch ɔ, deg. 45 Ñ2 

Depth of notch h, mm 8 Ñ0,06 

Root radius r, mm 0,25 Ñ0,025 

Distance of notch from end of test specimen L/2, mm 27,5 Ñ0,042 

Angle between plane of symmetry of notch and 
longitudinal axis of test specimen ɗ, deg. 

90 Ñ2 

N o t e .  For plate thickness t equal to or less than 10 mm, the width b in mm may be equal to t (full thickness) with 
no machining of the sides. 

T a b l e  2.2.3.1-3 
Dimensions Nominal Tolerance 

Length L, mm 55 Ñ0,60 

Width b, mm 10 Ñ0,11 

Thickness a, mm 10 Ñ0,11 

Depth below notch h, mm 5 Ñ0,09 

Root radius r, mm 1 Ñ0,07 

Distance of notch from end of test specimen L/2, mm 27,5 Ñ0,42 

Angle between plane of symmetry of notch and 
longitudinal axis of test specimen ɗ, deg. 

90 Ñ2 

 
The impact tests shall be carried out on Charpy machines complying with the requirements 

of ISO 148 or other RS-agreed national or international standard, and having a striking energy 
of not less than 150 J. Where the test temperature is other than ambient, the temperature of the 
text specimen at the moment of breaking shall be the specified temperature within Ñ2 ÁC. 

The impact energy KV and KU is determined as an average value obtained at testing three 
specimens. The required mean values of the impact energy depending on the dimensions of the 
specimens selected for tests (E is the required minimum value of impact energy) are given in 
Table 2.2.3.1-4. The result of tests on one of the specimens therewith may be less than that 
given in Table 2.2.3.1-4, but its value shall not be less than 70 % of the required one. 

T a b l e  2.2.3.1-4 
Dimensions of test specimen, mm Average value of impact energy, J 

10Ĭ10Ĭ55 1E 

10Ĭ7,5Ĭ55 5/6E 

10Ĭ5Ĭ55 2/3E 

 
Impact energy KV for the rolled products having thickness t of less than 10 mm is 

determined under test specimens as in Fig. 2.2.3.1-2 with width b equal to rolled thickness with 
no machining of the sides. For welded joints of such rolled products, the impact energy KV is 
determined on machined specimens of maximum possible thickness considering removal of 
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weld undercuts. It is recommended to use welded specimens with thickness of b = 7,5, 5 and 2,5 
mm. 

The required impact value ɽ(b) for specimens with width b < 10 mm may be calculated 
based on the required minimum average impact energy for specimens 10 mm wide (E10) using 
formula 

 
Ὁὦ  ὦȾρυρȾσὉ  (2.2.3.1.1) 
 
rounding to the whole number in J. The test result for one of the specimens may be lower 

than the value calculated by the Formula (2.2.3.1.1), but it shall be equal to at least 70 % of the 
required one. 

The tests on the rolled products with thickness of less than 6 mm shall be performed upon 
the Register request considering the requirements in 3.5. The tests on the rolled products with 
thickness of less than 2,5 mm shall not be performed. 

The impact toughness KCU is determined as an average value obtained at testing two 
specimens. In this case, each of the impact toughness values obtained shall not be less than 
required. Necessity of testing impact toughness of material having a thickness of less than 10 
mm as well as corresponding estimation criteria shall be justified in the documentation submitted 
to the Register. 

2.2.3.2 The dimensions of the test specimens without any notch used for impact tests, in 
mm, shall be as shown in Fig. 2.2.3.2. 

 

Fig. 2.2.3.2 

 
2.2.3.3 Impact tests shall be carried out on Charpy machines having a striking energy 

not less than 150 J. 
The distance between the supports shall be (40Ñ0,5) mm. The pendulum shall break the 

test specimen in the plane of symmetry of the notch and from the side opposite to it, the distance 
between the plane of symmetry of the notch and that of the pendulum being not in excess of 0,5 
mm. 

When test temperature is below the room temperature, the test specimens shall be 
supercooled prior to installing on the Charpy machine. The degree of supercooling shall provide 
the required test temperature with maximum deviation of Ñ2 ÁC. The degree of supercooling 
shall be determined according to Table 2.2.3.3, if the test specimens are tested maximum 3 to 
5 s after removal from the thermostat. 

T a b l e  2.2.3.3 
Test temperature, ÁC Super-cooling temperature, ÁC 

ï100 to ï60 ï4 ï6 

ï60 to ï40 ï3 ï4 

ï40 to +10 ï2 ï3 

 
2.2.3.4 Strain ageing sensibility tests shall be carried out on specimens made of samples 

selected similar to impact samples. Unless otherwise specified, metal strips from which 
specimens are cut shall be subjected to extension deformation assuming 5 % residual 
elongation. Impact test specimens made of strips subjected to extension deformation are subject 
to even heating (artificial ageing) up to 250 ÁC, with 1 h conditioning at this temperature and 
subsequent cooling in the air. Impact tests of these specimens shall be carried out at room 
temperature (within 18 to 25 ÁC) and/or at temperature agreed additionally. 
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Unless otherwise specified, the hull structural steel strain ageing sensibility tests are 
required at the initial survey of the manufacturer, at procedure alterations and in doubtful or 
arguable cases related to the rolled products quality. At the initial survey and at the tests 
procedure alterations the tests shall be carried out according to the requirements of 1.3.5.3.6. 
In other cases the steel tests as a rule shall be carried out at room temperature and at the impact 
tests temperature for the submitted steel grade (e.g. ï20 ÁC for grade D32 steel). 

Unless otherwise specified, the hull structural steel strain ageing sensibility tests results 
shall comply with the Rules requirements for steel during impact tests (e.g. for grade D32 steel 
the average value of impact tests results shall not be less than 31 J at ï20 ÁC with the steel 
thickness Ò 50 mm ð refer to Table 3.2.3). 

When the above tests are carried out at temperatures lower than the prescribed for the 
submitted steel grade (e.g. for grade D32 steel ï lower than ï20 ÁC), the required average value 
of tests results is set forth by the steel manufacturer and shall be specified in the documentation 
submitted to the Register. 

2.2.4 Hardness testing. 
Hardness shall be determined according to Brinell (HB), Vickers (HV), Rockwell (HRC) or 

using any other method approved by the Register. 
2.2.5 Technological tests. 
2.2.5.1 The test specimens cut as shown in Fig. 2.2.5.1 shall be used for bend test. 
Edges of the specimens on the tension side may be rounded to a radius of 1 to 2 mm. 
The mandrel diameter and the angle of specimen bending is indicated in the relevant 

chapters of the Part. The bend test of plates and sections, and also the test of welded transverse 
specimens (both sides) shall be carried out on the test specimens of the following dimensions: 
a = t; b = 30 mm, t is the product thickness. Where the thickness of the product exceeds 25 mm, 
the test specimen may be machined on one side to a thickness of 25 mm. During the test the 
machined surface shall be on the compression side of the bend test specimen. With thickness 
of rolled products equal to or less than 12,5 mm, the following size of the test specimens is 
allowed: a = t, b is not less than the biggest from 1,5a or 20 mm. 

The bend tests of forgings, castings and similar semi-finished products shall be carried out 
on the specimens having the following dimensions: a = 20 mm, b = 25 mm. 

 

Fig. 2.2.5.1 

 
2.2.5.2 Flattening tests are carried out on specimens (pipe lengths) having a length 

from 10 mm to 100 mm. The specimen ends shall be plain and smooth with their cuts 
perpendicular to the tube axis (ISO 8492). 

2.2.5.3 Drift expanding tests are carried out on specimens made in accordance with the 
requirements of ISO 8493 (refer to Fig. 2.2.5.3). 
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Fig. 2.2.5.3 

 
For metallic tubes, the specimen length (tube length) L is equal to twice the external 

diameter D of the tube if the angle of the drift b is 30Á, and L is equal to 1,5D if the angle of the 
drift is 45Á or 60Á. The test piece may be shorter, provided that after testing the remaining 
cylindrical portion is not less than 0,5D. 

The rate of mandrel penetration shall not exceed 50 mm/min. 
2.2.5.4 Ring tensile tests are carried out in accordance with the requirements of 

ISO 8496. The length of specimens (tube lengths) is equal to 15 mm and the rate in tests shall 
not exceed 5 mm/s. 

2.2.5.5 Flanging tests are carried out on specimens (tube lengths) having a length 
of 1,5D in accordance with the requirements of ISO 8494 (refer to Fig. 2.2.5.5). The test piece 
may be shorter, provided that after testing the remaining cylindrical portion is not less than 0,5D. 

The rate of mandrel penetration shall not exceed 50 mm/min. 

 

Fig. 2.2.5.5 

 
2.2.5.6 Ring expanding tests are carried out in accordance with the requirements of ISO 

8495 (refer to Fig. 2.2.5.6). The length of specimens (tube lengths) may vary from 10 mm to 16 
mm and the rate of mandrel penetration shall not exceed 30 mm/s. 
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Fig. 2.2.5.6 

 
2.2.6 Dropweight tests for determination of nil-ductility temperature (NDT). 
2.2.6.1 General. 
2.2.6.1.1 The main purpose of the testing is determination of brittle fracture development 

conditions in a material with thickness of at least 16 mm. 
2.2.6.1.2 The test consists in impact bend loading of a number of specimens provided by 

a free-falling weight at a sequence of temperatures aimed at determination of a highest 
temperature at which standard specimens break, or nil-ductility temperature (NDT) at 5 ÁC 
intervals. 

The deflection shall be limited by a stop in accordance with the applicable test standard. 
2.2.6.2 Specimens for NDT determination. 
2.2.6.2.1 The samples used for NDT test specimens shall be taken from places closest to 

places from which the samples for mechanical testing were taken. If for taking the samples gas 
cutting is used, the allowance for machining on each side shall not be less than 25 mm. 

2.2.6.2.2 Where rolled product is tested, the specimen orientation in their manufacture, 
unless otherwise specified, shall be such that the longitudinal axes are perpendicular to the last 
semi-finished product rolling direction (predominant direction of metal deformation). 

Manufacture of specimens from castings and forgings shall be performed according to the 
procedure agreed with the Register in compliance with the requirements of Section 2. 

2.2.6.2.3 It is recommended to perform NDT determination for a series of nine specimens 
taken from the semi-product from one place. 

2.2.6.2.4 The specimens to determine nil-ductility temperature are manufactured in 
accordance with ASTM E208 standard. Tests shall be carried out on the specimen types 
indicated in Table 2.2.6.2.4. 
 

T a b l e  2.2.6.2.4 
Specimen type Thickness Width Length 

ʈ-1 
ʈ-2 
ʈ-3 

25 Ñ 2,5 
19 Ñ 1,0 
16 Ñ 0,5 

90 Ñ 2,0 
50 Ñ 1,0 
50 Ñ 1,0 

360 Ñ 2,0 
130 Ñ 1,0 
130 Ñ 1,0 

 
The dimensions of specimens are chosen so that the specimen thickness shall be closest 

to the thickness of the semi-product subjected for the testing. Exception: if actual material yield 
strength exceeds 900 MPa, only specimens of types P-2 and P-3 are used. 

2.2.6.2.5 As a rule, specimens are prepared by a mechanical method. No overheating of 
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specimens is allowed. The specimen tension side shall not be subjected to machining except 
for cases of additional testing indicated in 2.2.6.2.7. 

2.2.6.2.6 Serial specimens shall have the same orientation. 
2.2.6.2.7 Employed for testing are rectangular specimens with brittle weld deposit on the 

non-machined tension side. In the deposit a notch is made across the specimen, from which a 
crack is propagated under an impact load. 

Where rolled products are tested, additional tests shall be conducted at the specimens with 
the notch made as follows: 

for the rolled steel with the thickness from 40 but less than 50 mm, from the middle thickness 
of the plate in the plate plane across the rolling direction (specimens of types P-1 or P-2); 

for the rolled steel with the thickness of 50 mm and above, from the middle thickness 
perpendicular to the plate plane in such a way as to the direction of fracture propagation 
coincides with the rolling direction (specimens of type P-2). 

2.2.6.2.8 Only the deposited metal shall be notched with monitored weld thickness under 
the notch bottom ð 2 ð 0,2 mm and width of the notch Ò 1,5 mm. 

2.2.6.2.9 The electrodes for brittle overlay (deposit) shall have the core diameter of 4 to 6 mm. 
Each batch of electrodes shall be checked to perform satisfactory as follows: 

in addition to the main series of specimens of the product under study three more specimens 
shall be manufactured which, after a preliminary estimation of NDT temperature, shall be tested 
at a temperature of not lower than NDT +60 ÁC. Each of the tested specimens shall present a 
visually detected crack propagating from the notch in the deposited metal. 

2.2.6.2.10 The brittle weld shall be deposited in a single run, placing it along the specimen in the 
centre of non-machined surface. The width of the deposit shall be 13 Ñ 2 mm, length 65 Ñ 5 mm, the bead 
height, approximately uniform along the whole length, shall be at least 4 mm but max. 8 mm, 
which can be achieved by selecting the appropriate welding procedures. 

2.2.6.3 Equipment, jigs and fixtures, instrumentation. 
2.2.6.3.1 The equipment, jigs and fixtures, and instrumentation shall comply with the 

requirements of the standards and these Rules and shall be periodically checked and calibrated 
by authorized national bodies. 

2.2.6.3.2 The tests are carried out at an impact testing machine with a free-falling weight 
ensuring the impact energy from 330 to 1750 J. The impact energy is established according 
to ASTM E208 in accordance with the specimen type and actual material yield strength. 

The necessary level of energy for a particular material and size of product is selected in 
accordance with the standards. The anvil manufactured of solid metal shall have hardness 
of 50 ð 55 HRC. 

2.2.6.4 The specimen is considered to be failed when the crack is propagated from the 
notch to at least one lateral edge of the specimen. When it is not evident that the crack is 
propagated until the lateral edge, but there is a groove at the uncut surface in the notch plane 
(the result of metal tightening during the test), the specimen shall be subject to thermal coloration 
and shall be broken completely for examination of the form and dimensions of the crack.  

The specimen is considered to be failed when the crack is propagated at least to any lateral 
edge (the top of the crack is located at the distance not exceeding 3 mm from the lateral edge). 

2.2.6.5 Validity conditions of obtained NDT values: 
.1 the geometrical dimensions of the specimens shall be within the limits of standard 

tolerances; 
.2 the weld-deposit notch is visibly cracked; 
.3 the specimens in the course of bending reach the stop; 
.4 the deposited layer on the specimens does not contact with the stop; 
.5 the obtained value of the nil-ductility temperature is confirmed by testing of three 

specimens at the temperature of NDT + 5 ÁC, none of which was broken; 
.6 the fitness of the electrodes used for brittle deposit has been proved. 
2.2.7 Macro and micro structural analysis. 
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Where required by this or other Parts of the Rules, macro and micro structural analysis of 
metals shall be made in compliance with the relevant standards. 

2.2.8 Chemical analysis. 
The methods for determination of chemical composition of metals and permissible 

deviations are specified in relevant standards. 
2.2.9 Non-destructive testing. 
2.2.9.1 When radiographic testing is carried out, the results shall be recorded in the form 

of radiographs with a summary of test evaluations attached. 
2.2.9.2 Ultrasonic testing shall be carried out using the pulse-echo methods. For control 

purposes dualsearch units are used. 
To provide for more precise testing, single-dual and prismatic search unit use shall be 

approved by the Register. Good condition and accuracy of the test equipment shall be regularly 
checked. The size of permissible defects and criteria for their estimation are subject to 
agreement with the Register as a part of design documentation for the product. 

The surface of the product shall provide a safe and uniform acoustic contact with the search 
unit. The ultrasonic testing is carried out after heat treatment at the stage of manufacture when 
the product has the simplest shape. 

2.2.9.3 For magnetic particle testing only technique proved satisfactory in practice may 
be used. The material surface under test shall have appropriate intensity of the field. 

A need in demagnetization of the product after completion of the test shall be specified in 
the technical documentation. 

2.2.9.4 Testing methods other than those referred to in 2.2.9.1 ð 2.2.9.3, as well as the 
relevant evaluation criteria shall be approved by the Register. 

2.2.9.5 The evaluation of non-destructive testing results shall be made only by the works 
responsible for the results submitted to the Register. Records of testing shall be appended to 
the Register certificate in case non-destructive testing is required by the Rules. 

2.2.10 Procedures for additional testing of base material and welding 
consumables intended for structures used at low temperatures. 

2.2.10.1 The present procedures may be used in developing and correcting the programs 
needed in survey of manufacture of steel intended for use at low temperatures (refer to 3.5) 
including the steel marked with index "Arc" (refer to 3.5.3). The present provisions apply to: 

procedures for determining the temperature of a ductile-brittle transition to estimate the 
material property with regard to retarding the spread of brittle failure (Tkb, NDT, DWTT); 

procedures for determining crack resistance parameter CTOD for the base metal, the heat-
affected zone (HAZ) and weld metal in testing the specimens cut out from butt-welded joints. 

Where one procedure for steel production is concerned (smelting, rolling, condition of 
supply), the results of tests carried out for the greatest thickness of rolled products may be 
extended to the rolled products with thicknesses smaller by 40 %, of all lower grades and 
strength levels where chemical composition, production technology and technology of thermal 
processing are identical to the tested material. At that, if, according to the calculations, the 
spread reaches the thickness of 15 mm and less, the minimum thickness approved by the 
Register shall exceed 15 mm.ᾴ. 

2.2.10.2 Tests for determination of ductile-brittle transition temperature Tkb. 
2.2.10.2.1 General. 
2.2.10.2.1.1 The Tkb temperature is a ductile-to-brittle transition temperature 

characterized by 70 % fibrous component in the fracture of a full-thickness specimen. The tests 
carried out for determination of Tkb allow evaluating cold resistance of the tested material, to 
compare cold resistance of various steels as well as to evaluate the temperature of brittle crack 
arrest in tested material. 

2.2.10.2.1.2 The procedure for Tkb measurement involves the three-point bend testing 
of a series of steel specimens in full thickness till fracture. The tests are carried out at 
successively lowered temperatures. 
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2.2.10.2.1.3 In the course of testing control is effected over the area of crystalline 
(brittle) or fibrous (ductile) components in the specimen fracture and over the test temperature. 
Moreover, upon completion of the tests, the existence of cleavage in the fracture within the 
fibrous component is estimated. In case of multiple cleavage or single cleavage that extends for 
more than one-half the specimen high (specimen high minus notch depth) an entry shall be 
made in the test report and the estimation of Td(Tkb) temperature of material usability is deemed 
invalid. 

2.2.10.2.1.4 To determine Tkb, a temperature curve of average percentage of fibrous 
component in the fracture of specimens is created. It is recommended to carry out the tests in 
the following temperature range, two specimens for one temperature value with max. intervals 
20 ÁC. 

.1 for steel with thickness of less than 50 mm: ï20 ÁC, ï40 ÁC, ï60 ÁC, etc., to the 
temperature when the fibrous component in the fracture does not exceed 50 %; 

.2 for thermally improved steel and TM steel: 0 ÁC, ï20 ÁC, ï40 ÁC, ï60 ÁC, etc.; 

.3 for steel with thickness exceeding 50 mm: 20 ÁC, 0 ÁC, ï20 ÁC, ï40 ÁC, ï60 ÁC, etc. 
Then with 5 ÁC interval, minimum temperature is determined when the average percentage 

of fibrous component in the fracture is not less than 70 % and check tests under this temperature 
shall be carried out. 

2.2.10.2.2 Specimens for determination of ʊkb 
2.2.10.2.2.1 The samples used for preparation of ʊkb specimens shall be taken from 

places closest to those from which the samples for mechanical testing were taken. 
2.2.10.2.2.2 The specimen orientation, unless otherwise specified, shall be such that 

the longitudinal axes are perpendicular to the last rolling direction (principal direction of metal 
deformation). Orientation of each specimen is indicated in the test record. 

2.2.10.2.2.3 It is recommended to determine ʊkb by testing a series of 12 specimens 
taken from one place of the semi-finished product. 

2.2.10.2.2.4 The specimens shall be prepared using a mechanical method. It is 
permitted to use gas or plasma cutting for specimen cutting, provided that the bearing and 
loaded surfaces are subjected to machining to provide parallelism between them and 
perpendicularity of the plate. 

2.2.10.2.2.5 The dimensions of specimens made of metal in full thickness shall meet the 
requirements of Table 2.2.10.2.2.5. The radius of top notch in flat prismatic specimens shall be 
equal to half the notch width. 

T a b l e  2.2.10.2.2.5 
Thickness, mm Length, mm Height, mm Notch depth, mm Notch width, 

mm 

Above 10 to 14 
Above 14 to 32 
Above 32 to 60 
Above 60 to 100 

Above 100 

288 + 20 
400 + 20 
520 + 20 
640 + 20 

6 thicknesses + 20 

60 + 5 
90 + 5 
120 + 5 
150 + 5 

1,5 thicknesses + 5 

20 + 5 
30 + 5 
40 + 5 
75 + 5 

0,75 thickness + 
5 

3 + 3 
3 + 3 
5 + 5 
5 + 5 
10 + 5 

 
2.2.10.2.3 Equipment, jigs and fixtures, instrumentation. 
2.2.10.2.3.1 The equipment, jigs and fixtures, and instrumentation shall comply with the 

requirements of the standards and these Rules and shall be periodically checked and calibrated 
by authorized national bodies. 

2.2.10.2.3.2 The stress rate under testing shall be monitored when moving the loading 
yoke and shall be 1,00 mm/with a tolerance of ï0,2. 

2.2.10.2.4 The procedure for determination of the fibrous component in the fractures. 
2.2.10.2.4.1 After testing the compliance of the fracture type shall be determined within 

the account area based on one or several types of failure shown in Fig. 2.2.10.2.4.1. When 
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combining the failure types, the total area of the crystalline component shall be evaluated 
according to the principle accepted for the failure type III: 

.1 the area of the crystalline component Scr shall be measured by manual measuring tool, 
the portion of the fibrous component Sd shall be calculated; 

.2 the same portion of the fibrous component Sd shall be calculated by the digital photo of 
the specimen fracture; 

.3 the values obtained by both methods shall be compared. In case their difference 
exceeds 5 %, the procedure of measurements and calculations shall be changed. The value, 
measured by the photo, shall be preferable.  

The standard area S0 is a fracture area where the availability of crystalline and fibrous 
components shall be determined after testing. Standard area dimensions shall be specified prior 
to the test. 

Fibrous component in the fracture (fibrous, ductile) is of dull grayish colour with specific 
"fibres", usually with thickness reduction and plastic deformation of section, includes the shear 
zones at side edges of the specimen located at an angle to the notch plane of the specimen. 

Crystalline component in the fracture (cleavage, crystalline) is a part of the fracture with no 
thickness reduction and visible traces of plastic deformation. Usually it has metallic shine, for 
high-strength steel it may be distinguished only by lighter shade. Crystalline component stains 
may be located both in the notch plane and at the significant angle to it. 

Failure in the form of "arrow" means the triangular fracture areas with alternate strips of 
smaller scale. These areas may be considered as fibrous component when they are located at 
the shear lips. Otherwise, the fracture area corresponding to this failure type shall be considered 
both as fibrous and crystalline components at the ratio 1:1, when no fractographic examinations 
were conducted. 
 

 
 

Fig. 2.2.10.2.4.1 Failure types within the account area 
 

Alternating failure means vertical crystalline strip in the fracture with thin straps of the fibrous 
component.  

Separations mean narrow slots, projections and hollows, "ears" in the fracture, parallel to 
loose face of metal on one or both mating failure surfaces. They are generated during the testing. 
Areas of crystalline component located on the surfaces of separations are not taken into account 
at fracture evaluation. 

The procedure of referring the fracture areas to the crystalline type (cleavage fracture) and 
calculating the area of crystalline component Scr in compliance with Fig. 2.2.10.2.4.1: 

I ð fibrous component, dull surface, Scr = 0, Sd = 100 %; 
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II ð crystalline component, Scr = S0, Sd = 0 %. When shear lips exist, they shall not be 
considered when their width does not exceed 0,5 mm per the side; 

III ð individual spots of the crystalline component: Ὓὧὶ ВὛὭ; 
IV ð the areas of the arrow shape shall be considered as the crystalline component with 

the reduction factor, when they are not located at the shear lips: Ὓὧὶ πȟυВὛὭ; 
V ð alternating failure; 

Ὓ Ὓ ὸȾςὸ, 

where t ð thickness of undeformed specimen prior to testing. Fibrous straps shall not be considered 
when the crystalline spots are located along the entire fracture height, otherwise the fracture shall be 
referred to type III; 

 

VI ð crystalline ear; 

Ὓ ὦ, 

where b ð the ear length; 
 

VII ð separations perpendicular to the fracture surface shall not be considered as the 
crystalline component. Scr = 0, Sd = 100 % (both halves of the specimen shall be analyzed). The 
maximum separation height is measured in the fracture surface and shall be specified in the test 
report; 

VIII ð area of crystalline spots located at the angle to the notch surface shall be considered 
in the projection to the notch plane. At the significant deviation from the notch plane both halves 
of the specimen shall be analyzed to differentiate the failure types VII and VIII. 

2.2.10.2.5 Validity conditions of obtained Tkb values. 
2.2.10.2.5.1 The geometrical dimensions of the specimens shall be within the limits of 

standard tolerances. 
2.2.10.2.5.2 The error of the required specimen temperature measurement in its notched 

cross-section does not exceed Ñ 2 ÁC within the range from 150 to ï200 ÁC. 
2.2.10.2.5.3 The error in determination of the quantity of fibrous or crystalline component 

in the specimen fracture does not exceed Ñ 5 % of the fracture area. 
2.2.10.2.5.4 The obtained value of Tkb is the minimum test temperature with maximum 5 ÁC 

interval confirmed by testing of three test specimens. The average value of fibrous component 
in the fracture shall not be less than 65 % (and no individual value shall be less than 60 %). 

2.2.10.3 Test for determining NDT temperature ï in accordance with 2.2.6. 
2.2.10.4 Tests for determining temperature DWTT. 
The temperature DWTT shall be determined in drop-weight testing as the temperature 

corresponding to 70 % of a fibrous component in the fracture of a full-thickness specimen with 
a sharp notch being broken down in shock loading at a rate of 5 to 8 m/s. The main specimen 
dimensions: height = 75+2 mm, length = 300+5 mm, space between support s = 252Ñ2 mm. 

The tests are carried out for rolled products with thickness equal to 7,5 mm and up to 40 mm 
according to the procedure agreed with the Register. For rolled products with thickness over 19 
mm the specimens with thickness equal to 19 mm cut out from the mid-thickness of rolled 
products on thickness may be tested. In this case the DWTT is higher in comparison with the 
temperature of full thickness: having rolled products' full-thickness of over 19 mm and above 30 
mm at 10 ÁC, having rolled products' thickness of over 31 and above 40 mm ð at 15 ÁC. The 
test procedure is in accordance with Appendix IV "Special test procedures" of the Rules for the 
Classification and Construction of Subsea Pipelines. Procedure for attributing fracture sections 
to a crystalline type in compliance with 2.3.2, Part XII "Materials" of the Rules for the 
Classification, Construction and Equipment of Mobile Offshore Drilling Units and Fixed Offshore 
Platforms. 

2.2.10.5 Tests for determining crack resistance parameter CTOD for base metal, heat-
affected zone (HAZ) and weld metal. 
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2.2.10.5.1 General. 
2.2.10.5.1.1 The principal goal of testing is control over certain type of material fracture in 

presence of a crack within the climatic temperature range. The tests shall define the crack 
resistance parameter CTOD (crack tip opening displacement) at static loading. 

The CTOD is one of the listed below crack opening values connected with a certain type of 
crack propagation and calculated in accordance with the recognized standards: 

ɿὧ ð when before the beginning of non-stable fracture (brittle crack propagation) its mean 

stable extension was less than 0,2 mm; 

ɿό ð when before the beginning of non-stable fracture (brittle crack propagation) its mean 

stable extension exceeded 0,2 mm; 

ɿά ð when the maximum load was reached without non-stable fracture. 

2.2.10.5.1.2 To define the CTOD value fatigue precracked specimens are used and tested 
at a specified travel speed of the test machine loading cross-piece ensuring the stress intensity 

factor growth rate within πȟυ ρȟυ -0ÁϽ
ȟ

 during linear elastic specimen deformation. The 

specimens are loaded up to the fracture (total or partial) or until the maximum force recorded in 
plastic deformation is exceeded. 

2.2.10.5.2 Specimens for CTOD testing. 
2.2.10.5.2.1 Samples for preparation of specimens for CTOD testing shall be taken from 

areas nearest to those where samples for tensile and impact tests are taken. 
2.2.10.5.2.2 Orientation of specimens in the course of manufacture shall be such, unless 

otherwise specified, that the direction of crack propagation shall coincide with the direction of 
the last rolling (principal direction of metal deformation). 

2.2.10.5.2.3 It is permitted to test specimens manufactured from semi-finished products 
having angular deformations and curvature (for example, pipes). In such cases the samples can 
be straightened taking care that load application points are located at a distance of at least equal 
to the specimen thickness from the line of notch, and the notch zone shall not suffer from strains 
affecting the test results. 

2.2.10.5.2.4 For specimens with residual stress and those subjected to straightening, 
mechanical removal of residual stress is permitted. The heat treatment in this case is not 
allowed. It is recommended to use for mechanical relieving of residual stress a method 
consisting in local compression of specimen side surfaces applied in the notch tip zone, with 
plastic deformation of the specimen not exceeding 0,5 % of the specimen thickness on each 
side. For this purpose, punches of sufficient pressure area shall be used to achieve specimen 
covering in one run if possible. It is necessary to ensure the notch tip covering. 

2.2.10.5.2.5 When evaluating the crack resistance of the HAZ (heat-affected zone) the 
notch shall be made so that the crack tip, on the largest possible length of its front, could be 
located in a layer of supposedly minimum toughness. To achieve this, it is recommended to use 
welding with special edge preparation (K- or asymmetrical V- weld with single bevel). The 
welding procedure shall be approved by the Register.  

Special attention shall be paid to employed welding consumables and heat input. The heat 
input shall be: 

not less than 35 kJ/cm in general case; 
not less than 50 kJ/cm for steel intended for welding under high heat input. At that the heat 

input shall be equal to the maximum input applied during survey of steel with index ᾴWᾴ. 
When testing HAZ metal it is recommended to provide weld metal testing for applied 

technological welding process by making a notch in the weld metal at the distance of 1 mm from 
the fusion line. The results of these tests shall be taken into account to determine correctness 
of data obtained for specimens with notch marking on the HAZ metal if the initial fatigue crack 
front containing more brittle non-target structural components has been reported by 
metallographic analysis. 

Before application of marking and before notching the specimen, it is necessary to perform 
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the etching and to investigate the heat-affected zone metal structure. Unless otherwise 
indicated, estimated minimum toughness zones shall be tested, where HAZ-I shall be a zone of 
the largest grain size and maximum overheating at welding and HAZ-II shall be a zone of partial 
recrystallization. It is necessary to consider the width of structure portions equal to 0,5 mm 
measured inside HAZ from fusion line (for HAZ-I) and from the pickling edge (for HAZ-II). 

For both zones it is necessary to obtain at least three correct test results. Total number of 
notched specimens on HAZ in the series is up to 12 for one test temperature value, as some 
results may not satisfy conditions of test correctness specified in 2.2.10.5.5. 

2.2.10.5.2.6 For testing with notch location within the fusion line or some other suitable 
microstructure it is considered sufficient, if in the initial fatigue crack front there is a portion of 
suitable microstructure of about 15 % specimen thickness length, unless otherwise specified by 
the Register. For testing with the notch located in the weld centre it is considered sufficient to 
have 70 % of weld metal within the initial crack front. 

2.2.10.5.3 Types of specimens. 
2.2.10.5.3.1 For the purpose of testing specimens of the following types are prepared: 
.1 rectangular cross-section specimens for threepoint bending; 
.2 compact specimens for eccentric tension; 
.3 square cross-section specimens for threepoint bending. 
The thickness of test specimens t shall be not less than 85 % of full thickness of the semi-

product. For semi-products with thickness more than 80 mm the thickness of test specimen is 
allowed to be reduced in comparison with the full thickness of the semi-product S more than by 

15 % but not exceeding 50 % that shall result in reduction of the test temperature by ρχÌÎ  ÁC. 

2.2.10.5.3.2 Test specimens of rectangular cross-section t x (2t) for threepoint bending 
are principle. To reduce metal intensity and simplify tests of base metal and welded joint metal 
it is allowed to apply compact specimens with thickness closest to the full thickness of the semi-
product from the following range: 25 mm, 50 mm, 75 mm, 100 mm. For the same purpose, to 
test heat-affected zone (HAZ) metal and welded joint metal with thickness of 40 mm and more 
it is permitted to apply square cross-section specimens for threepoint bending t x t. 

2.2.10.5.4 Equipment, jigs and fixtures, instrumentation. 
2.2.10.5.4.1 In general the equipment, jigs and fixtures, as well as measuring 

apparatus shall meet the requirements of the standards and these Rules and shall be 
periodically checked and calibrated by authorized national bodies. 

2.2.10.5.4.2 Hydraulic servomotor-operated or electromechanical machines with the 
upper limit of operating load range between 100 and 3000 kN capable of applying force at rates 
specified by 2.2.10.5.1 and force measuring error not exceeding Ñ 0,1 % of the operating range 
upper limit, shall be employed as the machines for testing. The systems for measuring of applied 
forces and recording of the results shall allow the applied force to be recorded against notch 
edges opening. 

2.2.10.5.4.3 The jigs and fixtures for three-point bend tests shall allow the support rollers 
to rotate and move apart slightly, thus maintaining rolling contact throughout the test. The roller 
diameter shall be from 0,5 to 1,0 of the specimen height. 

2.2.10.5.4.4 The arrangements for loading of compact specimens (clevis and pin) shall 
permit alignment as the specimen is loaded, for which purpose the gap between the specimen 
and clevis inner surfaces shall be increased to 0,5 to 1,0 mm and shall prevent pins jamming 
during the specimen plastic deformation. 

2.2.10.5.4.5 The error in test temperature measurement shall not exceed Ñ 1,5 ÁC. The 
temperature shall be measured by thermoelectric temperature transducers provided with 
secondary measuring devices complying with the accuracy grade not lower than 0,5. 

2.2.10.5.4.6 The crack edges opening is measured by means of displacement gauges 
with base length of 5,0 to 12,5 mm, with measuring range from Ñ10 % to Ñ50 % counting from 
the base. If the above are employed, the displacement measuring error shall not exceed Ñ 1,5 
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% from the upper boundary of the operating range. 
2.2.10.5.4.7 The displacement gauges shall be subjected to a calibration check before 

starting a new series of measurements of identical specimens. It is especially important for low 
temperature testing. If a gauge is properly isolated from the specimen, the calibration may be 
done at room temperature. 

The calibration error shall not exceed 0,003 mm. 
2.2.10.5.5 Validity conditions of received CTOD values. 
2.2.10.5.5.1 The geometrical dimensions of specimens shall be within the standard 

tolerances. 
2.2.10.5.5.2 The crack length/specimen height ratio shall be within the range from 0,45 

to 0,55 for all types of specimens. 
2.2.10.5.5.3 The fatigue crack extent shall make at least: 1,3 mm or 2,5 % of the specimen 

height whichever is greater. 
2.2.10.5.5.4 The difference between any two measurements of the initial fatigue crack 

length shall not exceed 10 % of the crack length mean value for the above measurements. When 
making the measurements in the heat affected zone, the tolerance may be increased to 20 %. 

 
N o t e .  The length of initial fatigue crack is measured at nine equally-separated points where 

extreme points are located at the distance of 0,01t from lateral surfaces of the specimen in the place of 
maximum reduction after testing. 

 
2.2.10.5.5.5 When testing the metal of heat-affected zone, it is considered sufficient if the 

initial fatigue crack front contains a specified microstructure portion with the length equal to 15 % 
within average three quarters of the specimen thickness. 

2.2.10.5.6 Determination of the CTOD test result. 
2.2.10.5.6.1 The CTOD value of base metal and weld metal for this temperature shall be 

determined as the mean value of the test results under the following conditions:  
when obtaining three-four correct test results, none of the obtained results shall be equal to 

less than 70 % of the mean value for the base metal and less than 50 % for the weld metal. 
When obtaining five and more correct test results, the lowest result may be discarded. Other 

results shall not be less than 70 % of the mean value for the base metal and less than 50 % for 
the weld metal. 

Where the above conditions are not complied with, the minimum recorded value of this 
parameter shall be taken as CTOD value. 

2.2.10.5.6.2 Non-stable failure of specimen is full or partial destruction (crack 
overshoot) of the specimen, at which falling of load is recorded, as well as non-controlled rising 
of displacements by more than 1 %. 

2.2.11 Test method (algorithm) for properties of steel plate arrest brittle crack with 
thickness from 50 to 100 mm. 

2.2.11.1 Test Method for Brittle Crack Arrest Toughness, Kca. 
Setting a temperature gradient in the width direction of a test specimen, and applying 

uniform stress in the transverse crack propagation direction to the test specimen to determine 
Kca, the test specimen shall be struck to initiate a brittle crack from the mechanical notch at the 
side of the test specimen (temperature gradient type arrest testing). 

Using the stress intensity factor, the brittle crack arrest toughness, Kca, shall be calculated 
from the applied stress and the arrest crack length. This value is the brittle crack arrest 
toughness at the temperature of the point of crack arrest (arrest temperature). To obtain Kca at 
a specific temperature followed by the necessary evaluation, the method specified in 2.2.11.2 
may be used. 

As a method for initiating a brittle crack, a secondary loading mechanism may also be used 
in accordance with 2.2.11.3. 
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2.2.11.1.1 Scope of application. 
Requirements of 2.2.11.1 apply to the test method for brittle crack arrest toughness (i.e. Kca) 

of steel using fracture mechanics parameter. They are applicable to hull structural steels with 
the thickness over 50 mm and not greater than 100 mm in accordance with 3.2 or 3.19. 

2.2.11.1.2 Symbols and their significance. 
The symbols and their significance used in 2.2.11.1 are shown in Table 2.2.11.1.2. 
 

T a b l e  2.2.11.1.2 
Symbol Unit Significance 

ʘ mm Crack length or arrest crack length 

E N/mm2 Modulus of longitudinal elasticity 

Ei J Impact energy 

Es J Strain energy stored in a test specimen 

Et J Total strain energy stored in tab plates and pin chucks 

F MN Applied load 

K N/mm3/2 Stress intensity factor 

Kca N/mm3/2 
Arrest toughness. Crack resistance parameter CTOD is the critical 
value of the stress intensity factor being the crack arrest, running along 
the brittle mechanism in the specific crack material. 

L mm Test specimen length 

Lp mm Distance between the loading pins 

Lpc mm Pin chuck length 

Ltb mm Tab plate length 

T ÁC Temperature or arrest temperature 

t mm Test specimen thickness 

ttb mm Tab plate thickness 

tpc mm Pin chuck thickness 

W mm Test specimen width 

Wtb mm Tab plate width 

Wpc mm Pin chuck width 

xa mm Coordinate of a main crack tip in the width direction 

Xbr mm Coordinate of the longest branch crack tip in the width direction 

ya mm Coordinate of a main crack tip in the stress loading direction 

ʋbr mm Coordinate of the longest branch crack tip in the stress loading direction 

ů N/mm2 Applied stress 

ůY0 N/mm2 Yield stress at room temperature 

 
2.2.11.1.3 Testing equipment. 
The present requirements apply to the testing machine needed for conducting the brittle 

crack arrest test. Testing machine is used to apply tensile force to an integrated specimen, and 
impact equipment is used to generate a brittle crack on the test specimen. 

2.2.11.1.3.1 Testing machines. 
2.2.11.1.3.1.1 Loading method. 
Tensile load to an integrated specimen shall be hydraulically applied by testing machines. 
The loading method to an integrated specimen using the testing machine shall be of a pin 

type. The stress distribution in the plate width direction shall be made uniform by aligning the 
centers of the loading pins of both sides and the neutral axis of the integrated specimen. 

2.2.11.1.3.1.2 Loading directions. 
The loading directions shall be either vertical or horizontal. In the case of the horizontal 

direction, test specimen surfaces shall be placed either perpendicular to the ground. 
2.2.11.1.3.1.3 Distance between the loading pins. 
The distance between the loading pins shall be approximately 3,4W or more (where W is 

the width of the test specimen). Since the distance between the loading pins sometimes has an 
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effect on the load drop associated with crack propagation, the validity of the test results is 
determined by the judgment method described in 2.2.11.1.7.1. 

2.2.11.1.3.2 Impact equipment and impact methods. 
Methods to apply an impact load to an integrated specimen shall be of a drop weight type 

or of an air gun type. 
The wedge shall be hard enough to prevent significant plastic deformation caused by the 

impact. The wedge thickness shall be equal to or greater than that of the test specimen, and the 
wedge angle shall be greater than that of the notch formed in the test specimen and have a 
shape capable of opening up the notch of the test specimen. 

2.2.11.1.4 Test specimens. 
2.2.11.1.4.1 Test specimen shapes 
The standard test specimen shape is shown in Fig. 2.2.11.1.4.1. Table 2.2.11.1.4.1 shows 

the ranges of test specimen thicknesses, widths and width-to-thickness ratios. 
The test specimen length shall be, in principle, equal to or greater than its width W. 
 

 
Fig. 2.2.11.1.4.1 

 
 

T a b l e  2.2.11.1.4.1 
Dimensions of test specimens 

Test specimen thickness, t 50 mm Ò t Ò 100 mm 

Test specimen width, W 
350 mm Ò W Ò 1000 mm  

(Standard width: W = 500 mm) 

Test specimen width / test specimen thickness, W/t W/t Ó 5 

 
2.2.11.1.4.2 Shapes of tab plates and pin chucks. 
The definitions of the dimensions of the tab plates and pin chucks are shown in 

Fig. 2.2.11.1.4.2-1. Typical examples of different structures of an integrated specimen are 
shown in Fig. 2.2.11.1.4.2-2. 
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a) 

 
 
b) 

 
Fig. 2.2.11.1.4.2-1 Definitions of the dimensions of the tab plates and pin chucks: 

a) ð Single-pin type; b) ð Double-pin type 

 

 
a) example 1 
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b) example 2 

 
 
c) example 3 

 

 
 
d) example 4 
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e) example 5 

Fig. 2.2.11.1.4.2-2 Examples of shapes of tab plates and pin chucks 

 
2.2.11.1.4.2.1 Tab plates. 
The tolerances of tab plate dimensions are shown in Table 2.2.11.1.4.2.1. When the lengths 

of the tab plates attached to both ends of a test specimen are different, the shorter length shall 
be used as the tab length, Ltb. 

 
T a b l e  2.2.11.1.4.2.1 

Tolerances of tab plate dimensions 

Tab plate thickness, ttb 0,8t Ò ttb Ò 1,5t 

Tab plate width, Wtb WÒ Wtb Ò 2,0W 

Total length of a test specimen and tab plates, L + 2Ltb   
(Total length of a test specimen and a single tab plate L + Ltb) 

L + 2Ltb Ó 3,0W 
(L + Ltb Ó 2,0W) 

Tab plate length/Tab plate width Ltb/W Ó 1,0 

 
2.2.11.1.4.2.2 Pin chucks. 
The pin chuck width Wpc shall be in principle equal to or more than the tab plate width Wtb. 
The pin chucks shall be designed to have a sufficient load bearing strength. When pin 

chucks attached to both ends of an integrated specimen are asymmetric, the length of the 
shorter one shall be used as the pin chuck length Lpc. 

The distance between the pins Lp is obtained from the equation Lp = L + 2 Ltb + 2Lpc. In the 
case as shown in Fig. 2.2.11.4.2-2, e, Lp is obtained by setting Lpc = 0. 

2.2.11.1.4.3 Welding of test specimen and tab plates. 
Test specimen, tab plates, and pin chucks shall be connected by welding. The welds shall 

have a sufficient force bearing strength to avoid their arrest toughness during testing. 
The flatness, angular distortion and linear misalignment of the weld between a test 

specimen and a tab plate shall be prior and after preloading shall not exceed the specified 
values, as shown in Fig. 2.2.11.1.4.3. 
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a) 

 

 
b) 

Fig. 2.2.11.1.4.3 Accuracy (tolerances) of test specimen welds shape deviation: 
(a) Flatness of weld between test specimen and tab plate 

 
 

2.2.11.1.5 Test methods for conducting the arrest toughness test, Kca. 
2.2.11.1.5.1 Temperature control methods. 
A predetermined temperature gradient shall be established across a test specimen width 

by soldering at least nine thermocouples to the test specimen for temperature measurement 
and control. 

Temperature gradient shall be established in accordance with the following conditions: 
.1 A temperature gradient of 0,25 ð 0,35 ÜC/mm shall be established in a test specimen 

width range of 0,3W ð 0,7W. When measuring the temperatures at the centre position of the 
test specimen thickness, it shall be kept within deviation Ñ2 ÁC for 10 min or more, whereas 
when measuring the temperatures on the front and back surface positions of the test specimen, 

it shall be kept within deviation Ñ2 ÁC for (10 0,1t (mm)) minutes or more taking account of the 

time needed for soaking to the centre. 
.2 At the test specimen width centre position (i.e., 0,5W), and in the range of Ñ100 mm in 

the test specimen length direction, the deviation from the temperature at the centre position in 
the length direction shall be controlled within Ñ5 ÁC. However, when temperature measurement 
is not performed at the centre position in the length direction, the average temperature at the 
closest position shall be used as the temperature at the centre position in the length direction. 

.3 At the same position in the width direction, the deviation of the temperature on the front 
and back surfaces shall be controlled within Ñ5 ÁC. 

2.2.11.1.5.2 Crack initiation methods. 
Impact energy shall be applied to a test specimen to initiate a crack. The value of impact 

energy shall be calculated using Formula (2.2.11.1.5.2) and Fig. 2.2.11.1.5.2: 
 

ÍÉÎ ρȟςʎ τπȟςππ, (2.2.11.1.5.2) 
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where min means the minimum of the two values. 
 

 
 

Fig. 2.2.11.1.5.2 

 
However, if the energy is excessive, the results shall be treated as invalid data in 

accordance with the judgment criteria specified in 2.2.11.1.7.2. 
2.2.11.1.6 Test procedures for testing brittle crack arrest toughness. 
2.2.11.1.6.1 Pretest procedures. 
.1 install an integrated specimen in the testing machine; 
.2 mount a cooling device on the test specimen. A heating device may also be mounted in 

the case of stipulated heating on the test specimen; 
.3 install an impact apparatus specified in 2.2.11.1.3.2, on the testing machine. Place an 

appropriate reaction force receiver (anvil) as necessary. 
 
N o t e .  The above procedures 1 ð 3 shall be provided by the testing laboratory; 

 
.4 after checking that all measured values of the thermocouples indicate room temperature, 

start cooling. The temperature distribution and the holding time shall be as in compliance with 
in 2.2.11.1.5.1; 

.5 set an impact apparatus, as specified in 2.2.11.1.3.2 so that it can supply predetermined 
energy to the test specimen; 

.6 apply static force to the test specimen until it reaches the predetermined value. This force 
shall be applied after temperature control to prevent autonomous crack initiation during force 
increase. The loading rate and applied stress shall satisfy the conditions described below, 
respectively:  

.6.1 the loading rate shall ensure maintaining the set temperatures of the specimen. At that, 
the rate shall be limited to prevent over-shooting of the load and premature crack initiation; 

.6.2 applied stress/yield stress ratio shall be within the range shown by equation „ „ . As 
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a guide, a value equal to 1/6 of ůY0. or more is desirable;  
.7 to initiate a crack, the notch may be cooled further immediately before impact on the 

condition that the cooling does not disturb the temperature in the range of 0,3W ð 0,7W. The 
test temperature in this case shall be the measured temperature obtained from the temperature 
record of a testing laboratory immediately before the further notch cooling; 

.8 record the static force value measured by a force recorder. 
2.2.11.1.6.2 Loading procedures: 
.1 after holding a predetermined force for 30 s or more, apply an impact to the wedge using 

the impact apparatus. If a crack initiates autonomously and the exact force value at the time of 
the crack initiation cannot be obtained, the test is invalid; 

.2 after the impact, record the force value measured by the force recorder; 

.3 when the force after the impact is smaller than the test force, consider that crack initiation 
has occurred. 

 
N o t e .  An increase in the number of times of impact may cause a change in the shape of the notch 

of the test specimen. Since the number of impact has no effect on the value of brittle crack arrest 
toughness, no limit is specified for the number of impact. However, because the temperature gradient is 
often distorted by impact, the test shall be conducted again, beginning from temperature control when 
applying repeated impact to the wedge. In such a case, the requirements of 2.2.11.1.3.2 shall be complied 
with. 

 
.4 when crack initiation, propagation, and arrest are observed, remove the force. 
2.2.11.1.6.3 Procedures after testing: 
.1 remove the impact apparatus providing access to the specimen; 
.2 remove the cooling device, thermocouples, and strain gauges; 
.3 return the temperature of the test specimen to room temperature. For that purpose, the 

test specimen may be heat-tinted using a gas burner or the like. If it is necessary to prevent 
heating of the fracture surface, this method shall be avoided; 

.4 after gas-cutting an uncracked ligament, use the testing machine to cause ductile 
fracture, as necessary. Alternatively, it is also possible to gas-cut the uncracked ligament after 
using the testing machine to develop a ductile crack to a sufficient length. 

2.2.11.1.6.4 Observation of fracture surfaces: 
.1 photograph the fracture surfaces and propagation path; 
.2 measure the longest length of the arrest crack tip in the plate thickness direction, and 

record the result as the arrest crack length. The arrest crack length shall include the notch length. 
In the case where a crack deviates from the direction vertical to the loading direction, the length 
projected to the plane vertical to the loading line is defined as the arrest crack length. In the 
following cases, however, judge the results according to the methods described for each case: 

.2.1 crack re-initiation. 
In the case where a brittle crack has re-initiated from an arrested crack, the original arrest 

position is defined as the arrest crack position. Here re-initiation is defined as the case where a 
crack and re-initiated cracks are completely separated by a stretched zone and brittle crack 
initiation from the stretched zone can be clearly observed. In the case where a crack 
continuously propagates partially in the thickness direction, the position of the longest brittle 
crack is defined as the arrest position; 

.2.2 crack branching. 
In the case where a crack deviates from the direction vertical to the loading direction, the 

length projected to the plane vertical to the loading line is defined as the arrest crack length. 
Similarly, in the case of crack branching, the length of the longest branch crack projected to the 
plane vertical to the loading line is defined as the branch crack length. More specifically, from 
the coordinates (xa, ya) of the arrest crack tip position and the coordinates (xbr, ybr) of the branch 
crack tip position shown in Fig. 2.2.11.1.6.4.2.2, obtain the angle ɗ from the x-axis and define xa 
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as the arrest crack length, a. Here, x is the coordinate in the test specimen width direction, and 
the side face of the impact side is set as x = 0; y is the coordinate in the test specimen length 
direction, and the notch position is set as y = 0. 

 

 
a) b) 

 
Fig. 2.2.11.1.6.4.2.2 Measurement methods of main crack and branch crack lengths: 

ʘ ð Case of branching from notch; b ð Case of branching during brittle crack propagation 
 

 
.3  prepare a temperature distribution curve (line diagram showing the relation between the 

temperature and the distance from the test specimen top side) from the thermocouple 
measurement results, and obtain the arrest temperature T corresponding to the arrest crack 
length xa. 

2.2.11.1.7 Determination of arrest toughness. 
2.2.11.1.7.1 Judgment of arrested crack. 
When an arrested crack satisfies all of the conditions below (as shown in Fig. 2.2.11.1.7.1), 

the length of the arrested crack determined by 2.2.11.1.6.4 is valid. If any of the conditions is 
not met, the arrest toughness calculated from 2.2.11.1.7.3 is invalid. 

 



Rules for the Classification and Construction of Sea-Going Ships (Part XIII) 

40 
 

 

 
 

Fig. 2.2.11.1.7.1 

 
2.2.11.1.7.1.1 Conditions for crack propagation path: 
All of the crack path from crack initiation to arrest shall be within the range shown in 

Fig. 2.2.11.1.7.1.1. However, in the case where a main crack tip lies within this range but a part 
of the main crack passes outside the range, the arrest toughness may be assessed as valid if 
the temperature at the most deviated position of the main crack in the y direction is lower than 
that at y = 0, and also K for the main crack falls within Ñ 5 % of K for a straight crack of the same 
a. The calculation method of Ks for the main crack and a straight crack is obtained from formula 

 

ὑ ὑÃÏÓ σὑÃÏÓ ÓÉÎȢ (2.2.11.1.7.1.1) 
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Fig. 2.2.11.1.7.1.1 Allowable range of main crack propagation path 
 

 
2.2.11.1.7.1.2 Conditions for arrest crack length. 

πȟσ πȟχȠ (2.2.11.1.7.1.2-1) 

ρȟυȠ (2.2.11.1.7.1.2-2) 

πȟρυȢ (2.2.11.1.7.1.2-3) 

 
N o t e .  Formula (2.2.11.1.7.1.2-3) ensures minimal influence of force drop at the centre of 

the specimen which might be caused by crack propagation and reflection of the stress wave at 
the two ends of the specimen. However, application of Formula (2.2.11.1.7.1.2-3) is not 
necessarily required if the strain and the crack length have been dynamically measured and the 
value of the strain at the time of arrest is 90 % or more of the static strain immediately before 
crack initiation.  

 
2.2.11.1.7.1.3 Conditions for crack straightness. 
 
|ya | Ò 50 mm. (2.2.11.1.7.1.3) 
 
In the case where 50 mm < |ya| Ò 100 mm and Ò 30Á, the result is valid only when the 

temperature at x = 0,5W and y = Ñ100 mm falls within Ñ 2,5 ÁC of that at x = 0,5W and y = 0.  
 
2.2.11.1.7.1.4 Conditions for crack branching. 
 

πȟφȢ (2.2.11.1.7.1.4) 

 
2.2.11.1.7.2 Assessment of impact energy. 
Impact energy shall satisfy Formula (2.2.11.1.7.2-1). If it does not satisfy the equation, the 
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value of arrest toughness calculated from the equations in 2.2.11.1.7.3 is invalid. 
Conditions for impact energy: 
 

ȟ

ȟ
 (2.2.11.1.7.2-1) 

where πȟσ πȟχ; 

the variables have the following units: a (mm), and W (mm).  
Ei  is impact energy calculated from the formula 
Ὁ άὫὬ; (2.2.11.1.7.2-2) 
Es is calculated from the formula 

Ὁ ; (2.2.11.1.7.2-3) 

Et is calculated from the formula 

Ὁ . (2.2.11.1.7.2-4) 

 
N o t e s : 1. If Formula (2.2.11.1.7.2-1) is not satisfied, the influence of impact energy on the 

stress intensity factor is too large to obtain an accurate arrest toughness  
2. In the case where the tab plates are multistage as shown in Fig. 2.2.11.1.4.2-2, b, calculate and 

total the strain energy of each tab plate using equation. 
3. In the case where tab plate widths are tapered (as shown in Fig. 2.2.11.1.4.2-2, d), calculate the 

strain energy based on elastostatics. 
Where the variables have the following units: Es (J), Et (J), F (MN), E (N/mm2), L (mm), W (mm), 

and t (mm). 

 
2.2.11.1.7.3 Calculation of arrest toughness. 
The arrest toughness, Kca, at the temperature, T, shall be calculated from 

Formula (2.2.11.1.7.3-1) using the arrest crack length, a, and the applied stress, ů, determined 
in 2.2.11.1.7.1. Calculate ů from Formula (2.2.11.1.7.3-2). 

 

ὑ ʎЍʌὥ ÔÁÎ ; (2.2.11.1.7.3-1) 

ʎ  (2.2.11.1.7.3-2) 

 
where the variables have the following units: F (MN), W (mm], and t (mm). 

 
If the conditions specified in 2.2.11.1.7.1 and 2.2.11.1.7.2 are not satisfied, the Kca calculated 

from Formula (2.2.11.1.7.3-1) is invalid. 
2.2.11.1.8 Reporting documents. 
The report shall be drawn up in accordance with the template (refer to Table 2.2.11.1.8). 

The following items shall be reported: 
.1 test material: Steel type and yield stress at room temperature; 
.2 testing machine: Capacity of the testing machine; 
.3 test specimen dimensions: Thickness, width, length, angular distortion, and linear 

misalignment; 
.4 integrated specimen dimensions: Tab plate thickness, tab plate width, integrated 

specimen length including the tab plates, and distance between the loading pins; 
.5 test conditions: Applied force, applied stress, temperature gradient, impact energy, and 

the ratio of impact energy to the strain energy stored in the integrated specimen (sum of test 
specimen strain energy and tab plate strain energy); 

.6 test results: 

.6.1 judgment of arrest: crack length, presence or absence of crack branching, main crack 
angle, presence or absence of crack re-initiation, and arrest temperature; 
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.6.2 arrest toughness value; 

.7 temperature distribution at moment of impact: thermocouple position, temperature value, 
and temperature distribution; 

.8 test specimen photographs: crack propagation path (one side), and brittle crack fracture 
surface (both sides);  

.9 dynamic measurement results: history of crack propagation velocity, and strain change 
at pin chucks (upon agreement with the Register). 

 
T a b l e  2.2.11.1.8 

Report sheet for brittle crack arrest test results 

Item Details Symbol Conditions/ 
Results 

Unit Valid/ 
Invalid 

1. Test material Steel type  ð  ð ð 

Yield stress at room temperature  ůY0  N/mm2 ð 

2. Test 
equipment 

Testing machine capacity  ð  MN ð 

3. Test 
specimen 
dimensions 

Thickness  t  mm  

Width W  mm  

Length L  mm  

Angular distortion linear 

misalignment 

ð  mm /m  

4. Integrated 
specimen 
dimensions 

Tab plate thickness ttb  mm  

Tab plate width Wtb  mm  

Test specimen length including a 
tab plate 

L + Ltb  mm  

Distance between loading pins Lp  mm  

5. Test 
conditions 

Applied force F  MN  

Applied stress ů  N/ mm 2  

Temperature gradient ð  ÁC /mm  

Impact energy Ei  J  

Ratio of impact energy to strain 
energy stored in integrated 
specimen 

Ei/(Es+Ei)  ð  

6. Test results Judgment 
of crack 
propagation
/arrest 

Crack length  ʘ  mm  

Presence/absence 
of crack branching  

ð  ð ð 

Ratio of branch 
crack length to 
main crack  

Xbr/Xa  ð  

Main crack angle ɗ  Degree 
(Á) 

 

Presence/absence 
of crack re-initiation 

ð  ð  

Temperature at 
crack arrest 
position 

T  ÁC  

Arrest toughness value Kca  N/mm3/2  

7. Temperature 
distribution at 
moment of 
impact 

Temperature measurement 
position 

ð Attached ð ð 

Temperature at each temperature 
measurement position 

ð Attached ÁC ð 

Temperature distribution curve  ð Attached ð  



Rules for the Classification and Construction of Sea-Going Ships (Part XIII) 

44 
 

 

Item Details Symbol Conditions/ 
Results 

Unit Valid/ 
Invalid 

8. Test 
specimen 
photographs 

Crack propagation path ð Attached ð  

Brittle crack fracture surface (both 
sides) 

ð Attached ð  

9. Dynamic 
measurement 
results 

History of crack propagation 
velocity 

ð Attached ð  

Strain change at pin chucks ð Attached ð  

 
2.2.11.2 Method for obtaining Kca at a specific temperature and the evaluation. 
2.2.11.2.1 General. 
The present requirements apply to the method for conducting multiple tests specified 

in 2.2.11.1 to obtain Kca value at a specific temperature Td. 
2.2.11.2.2 Method. 
A number of experimental data show dependency of Kca on arrest temperature, as 

expressed by Formula (2.2.11.2.2), where TK (K) (= T (ÁC) + 273), c and K0 are constants. 
 

ὑ ὑὩὼὴ  (2.2.11.2.2) 

 
The arrest toughness at a required temperature TD (K) can be obtained by following the 

procedures below: 
.1  obtain at least four valid Kca data to comply with the Rules. 
.2 approximating log Kca by a linear expression of 1/TK, determine the coefficients log K0 

and c for the data described above by using the least square method 
 

ὰέὫὑ ὰέὫὑ ὧ Ƞ (2.2.11.2.2.2) 

 
.3 obtain the value of (Kca /K0)Āexp(c/TK) for each data item. When the number of data 

outside the range of 0,85 through 1,15 is not exceeded, the least square method used 
in 2.2.11.2.2.2 is considered valid. Here is an integer obtained by rounding down the value of 
(number of all data divided by 6). If this condition is not met, conduct additional tests to add at 
least two data and apply the procedure in 2.2.11.2.2.2 to the data. 

.4 the value of K0 exp(c/TD) is defined as the estimated value of Kca at Td. The estimated value 
for the temperature corresponding to a specific value of Kca can be obtained from TK = c/log(Kca/K0). If 
the condition specified in 2.2.11.2.2.3 is not met, these estimated values are treated as 
reference values. 

2.2.11.2.3 Evaluation. 
The straight-line approximation of arrhenius plot for valid Kca data by interpolation method 

are to comply with either the following 2.2.11.2.2.1 or 2.2.11.2.2.2: 
2.2.11.2.3.1 The evaluation temperature of Kca (i.e. ï10 ÁC) is located between the upper 

and lower limits of the arrest temperature, with the Kca corresponding to the evaluation 
temperature not lower than the required Kca (e.g. 6,000 N/mm3/2 or 8,000 N/mm 3/2), as shown in 
Fig. 2.2.11.2.3.1. 
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Fig. 2.2.11.2.3.1 Example for evaluation of Kca at ï10 ÁC 
 

2.2.11.2.3.2 The temperature corresponding to the required Kca (e.g. 6,000 N/mm3/2 
or 8,000 N/mm3/2

) is located between the upper and lower limits of the arrest temperature, with 
the temperature corresponding to the required Kca not higher than the evaluation temperature 
(i.e. ï10 Á C), as shown in Fig. 2.2.11.2.3.2. 

 

 
 

Fig. 2.2.11.2.3.2 Example for evaluation of temperature corresponding to the required Kca 

 
If requirements of 2.2.11.2.3 are not satisfied, conduct additional tests to satisfy this 

condition. 














































































































































































































































