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Summary

This document provides a brief outline of a strategy for developing a materials database for
the High Temperature Reactor. The work is to be performed within the HTR-M Project. The
paper is presented for discussion and comment from HTR-M members.
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1 Introduction

The HTR-M project has as one of its main objectives the development of a database of
materials information for the key components of the High Temperature Reactor.

The database is required to cover three main areas:

o The Reactor Pressure Vessel (and other pressure vessels used to contain primary
circuit components).

o The high temperature components focusing in particular for the reactor internals on
the control rod system and for the turbine on the blades and discs.

o The graphite core and its components. A summary of the work to be performed is
given in section 2.

This document is a first step towards formalising the aims and outline of the materials
database that will be developed as the project progresses through the mechanical testing
phases of the HTR-M project.

2 HTR-M Project

The objectives of the project are to provide materials data for key components of the
development of High Temperature Reactor (HTR) technology in Europe. The work
programme is split into three Work Packages according to the type of materials and

conditions experienced.

Work Package 1 consists of a review of vessel materials, focusing on existing thermal
gas-cooled reactors and previous HTRs and includes the setting up of a materials
property database on properties. This will lead to a recommendation for an appropriate
vessel material, identification of data omissions and selection of a material for testing on
welds for different vessel options. The project will look at materials for the cooled
(current PBMR) and un-cooled vessel options. Tests on welded joints are planned
covering tensile, creep and fracture toughness to determine properties under relevant
conditions including the effects of irradiation. A further review and synthesis is planned
on completion of the irradiation test work and examination.

In Work Package 2 consideration is given to the high temperature regions of the reactor
covering the (WP2.1) internal structures (i.e. control rod) and (WP2.2) the turbine (discs
and blades). The database of properties will be taking account of experience on existing
high temperature and gas cooled reactors and include a reference to material composition,
microstructure, manufacture (products and parts, etc.). The database will also cover
materials required to withstand temperature levels experienced in emergency modes (e.g.
Carbon based materials reinforced by Carbon fibers, Ni-based alloys, etc.). For turbine
materials, the two most promising grades, will be studied looking at different options,
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manufacturing aspects and characterisation of improved alloys made to the various
manufacturing routes. Mechanical tests needed to quantify the materials in the HTR
environment will be performed for both areas with tensile, fatigue, short term creep and
creep / fatigue tests planned (in air, vacuum, helium) at temperatures up to 1300 °C. The
results of the test programme will be transferred to the database as appropriate and
recommendations made for long term verification of the chosen materials.

Work Package 3 involves setting up the database of properties on graphite with the
emphasis on retention of existing experience from gas cooled and high temperature
reactors. The project will also study the influence of oxidation arising from severe air
ingress with core burning and investigation of protective coatings and innovative C-
based materials. The outcome will be a platform of material data for future application
and selection of graphites for the HTR.

The need for reliable materials data and properties is a key issue in the development of
any innovative reactor technology and is especially important for those areas where
safety considerations are uppermost. The aims of this project are:

e to provide a firm materials platform on which to develop the future HTR
technological basis within Europe and,

e to provide a first step towards building an understanding of the behaviour and
manufacturing requirements for some of the new materials that will be needed for
such developments.

3 Scope and development of the Database

The way in which the database can be built up within HTR-M is illustrated in Figure 2.
Existing Design Codes and current technological developments are used to identify
suitable materials and properties for the database. A search of available information can
then be made and property information assembled and collated. Any available raw test
data is also assembled and together with HTR-M test data used to define / extrapolate /
check the materials behaviour using an established property correlation or formulations
(such as available in Alloys DB). A typical example of this would be the extension of
property information to higher (or lower) temperatures. From this and the existing design
code information a proposal for a design curve can be established which can be agreed
and formalised for use. This approach can be used within each work package.

In terms of assembling and recording the data information the following steps have to be
considered:

= Step 1: Identify materials / properties to be included.

(material types, manufacturing processes ~property requirements, design /
analysis needs, safety / inspection considerations).
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= Step 2: Identify material properties from available information sources.

(review design codes, existing databases, published test data, ongoing
research & development, service experience).

= Step 3: Decide on how the database is to be presented within the database.

(review available formats, presentation media, security implications,
central control requirements, existing tools, access, future use)

= Step 4: Develop formats and access tools required -(e.g integration with Alloys DB).

(existing tools & databases to be used where possible, web access,
language)

= Step 5: Collate / assemble information into common formats and make comparisons
from different sources.

(amount of data, type of data, graphical / tabular comparisons)
= Step6:  Produce draft version of database information.

(carry out test evaluations / searches, example cases, prepare support
documentation, set up access requirements)

= Step7:  Establish first production version with documentation.

4 Programme of Work

The program of work to be performed to provide information for the above steps has
been defined in the HTR-M program in each work package. The tasks assigned to
complete these steps are broken down in more detail in Appendix A. Itis planned to
complete a draft version of the database for each work package by the end of the first two
years and establish a first production version (step 7) before the end of the project.

Some sources involved in steps 1 & 2 are given in Appendix B for information.

Steps 3 & 4 involve decisions on the presentation and formats to be used and may be
identical in each Work Package. A proposal for the overall layout of the database is
discussed in section 5. Possible tools and example presentation formats are discussed in
section 6. Examples of presentation formats are given in Appendix D.

Proposals for the material property data to be included are given in Appendix C

The planned timetable for carrying the individual steps is given in Figure 1 and discussed
further in section 7.

5 Proposed layout of Database
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A possible layout for the database is presented schematically in figure 3.
This shows four parts covering the following aspects:

Part 1 Contents & Material designation.

Part 2 Manufacturing provisions, products & parts.
Part 3 Test Data information.

Part 4 Design property information.

The design property information is one of the main outputs from the database and also a
means of deciding on future material information needs for the database. Design needs
plus omissions and shortage of test data will be an important indicator for future R &D
activities on developing HTR materials.

Parts 1,2 &3 represent the interactive / raw data sets to be accessed by materials experts
and experimentalists. Each part can be assembled within each individual Work Package
and assembled in subsets. Material identifiers can be used to cross reference all the
information with additional designations for manufacturing provisions (heat treatments,
etc.), products and parts introduced as appropriate. Specific test results and associated
references to test condition, source, equipment etc. will be contained in part 3.

This information is not used for design. Part 4 contains the approved design information
for feasibility and component investigations by design engineers and analysts

Users will be able to input information into parts 1, 2 & 3 as appropriate in a controlled

manner, but part 4 will be a read only data set and contain only approved design
information.

6 Possible tools and presentation formats

A list of possible media, tools and presentation formats that can be used to provide and
store the database information are as follows:

Media Tools Formats
Paper Official Reports Documents
CD-ROM Micro films Tables
Internet Intranet systems Graphs
SINTER Web Pages Equations / Formulae
Alloy-DB
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The application of these in the different sections of the proposed database in discussed
below:

Part 1 Contents & material designations.

Some typical presentation formats for this information are shown in Appendix D taken
from Design Codes and existing databases.

Updates will be entered in a controlled manner. A tabulated presentation could be used
via an Excel spreadsheet such as that used to summarise the contents of the Alloy-DB
database.

Part 2 Manufacturing provisions, products & parts.

Some typical presentation formats for this information are shown in Appendix D taken
from Design Codes.

Since the information can be very detailed and in some case confidential to suppliers,
qualification parameters could be used to catagorise the information, i.e. section
thickness, format of product (bar, plate, etc.). These would also provide the user with a
filter and could give access to summary information.

More detailed (or confidential information) could be stored in book form or on CD-Rom
and held by individual organisations or alternatively stored on the SINTER network.

Part 3 Test data information.

Typical presentation formats for this information are as used in the Alloys DB

This would be accessed and up dated by material specialists. The Alloys-DB database
could be adapted to provide this facility.

Part 4 Design property information.

Appendix C shows preliminary lists of properties required at the materials selection
stage. Some expansion and additional detail would be required to describe the

requirements for design information.

Some typical presentation formats for this information are shown in Appendix D and
property values in Appendix C.

These are taken from existing Design Codes.
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The requirement is to provide approved design information that can be used for HTR
concept and design evaluation. The information could be presented in book form, on
CD-ROM or in a secure area on a web site. The latter could be done through controlled
access via the SINTER Network with approval of the information endorsed by HTR-TN.

7 Timetable

The work is to be completed within the time scale of the HTR-M project.

Specific milestones are identified in the project figure 1.

8 Conclusions

This document is currently in draft form.

Its purpose is to provide a brief outline of a strategy for developing a materials database
for the High Temperature Reactor. The work is to be performed within the HTR-M
Project.

The database will cover material designation, provisions, products & parts, test data
information and design property information.

The design property information is one of the main outputs from the database.

Design and technological issues plus omissions and shortage of test data will be the basis
on which the database will be built up and expanded.

The database will also provide a platform on which to judge future R & D needs.

The document is presented for discussion and comment from HTR-M members.
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Figure 1 Database development program
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Figure 1 Database development program (Cont)
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Figure 2  Integration of Design Considerations in HTR-M
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Figure 3  Overall database layout
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Appendix A Descriptions of Work Programme
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Work Package 1: Vessel Materials

Step 1 Identify materials / properties to be considered
¢ Review of existing and proposed RPV designs and materials.

+ Provide a comparison of different grades of vessel materials (with service experience as available).

¢ ldentify sensitive zones:
= inrelation to non-destructive examination possibilities, safety analysis methodology and the safety
studies (defect location and defect size),
= from a thermo-mechanical point of view (geometrical discontinuities, welds, zones submitted to
thermal fluctuations or to thermal gradients).

+ ldentify damage mechanisms involved in relation with the considered operating conditions (excessive
deformation, fatigue, creep, creep-fatigue, buckling, ratcheting) and verification of the suitability of the
corresponding existing design rules for the concerned steel.

Step 2 : Identify material properties available
+ Review status and information available in existing design codes; assessment procedures.

+ Review information available in existing databases, from ongoing R&D.

¢ Temperature limits / influence of environment.

Step 3: Decide on how the database is to be presented
¢ Review available formats, presentation media, existing tools.

¢ Review security implications, central control requirements, access.

¢ Review requirements for future use.

Step 4: Develop formats and access tools required
+ Review existing tools & databases, web access, language requirements.

+ Validation tests.

¢ Prepare supporting documents.

Step 5: Collate / assemble information into common formats and make comparisons

¢ Build up information into required formats.

¢ Make test comparisons.
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Work Package 2: High Temperature Materials

Step 1 Identify materials / properties to be considered
¢ Review of existing and proposed high temperature design needs & materials information.

Includes geometry, service conditions, environment, manufacturing aspects.
¢ Provide a comparison of different grades of materials (with service experience as available).

¢ ldentify sensitive issues;
= inrelation to examination, safety and operability,
= from a thermo-mechanical point of view (welds, zones submitted to thermal fluctuations or to
thermal gradients).

+ ldentify damage mechanisms / criteria involved in relation with the considered operating conditions
(excessive deformation, fatigue, creep, creep-fatigue, ratcheting) and verification of the suitability of
the corresponding existing design rules for the concerned materials.

Step 2 : Identify material properties available
+ Review status and information available in existing design codes; assessment procedures.

+ Review information available in existing databases and from ongoing R&D.
¢ Temperature limits / influence of environment.

Step 3: Decide on how the database is to be presented
¢ Review available formats, presentation media, existing tools.

+ Review security implications, central control requirements, access.

+ Review requirements for future use.

Step 4: Develop formats and access tools required
+ Review existing tools & databases, web access, language requirements.

¢ Validation tests.

+ Prepare supporting documents.

Step 5: Collate / assemble information into common formats and make comparisons

¢ Build up information into required formats.

¢ Make test comparisons.
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Work Package 3: Graphite Materials

Step 1 Identify materials / properties to be considered
+ Collect/ review the relevant literature/ experience on nuclear graphite production, examination,
testing, and application.

¢ Review of graphites used in HTRs & other gas reactors.

¢ Review of existing material bases / current graphites.

+ Provide a comparison of different graphites (with service experience as available).
¢ Identify sensitive issues and design needs.

This involves assessment of the properties against design needs and limitations, (e.g. effects of shrinkage,
expansion, creep strength, etc). For new designs the purpose would be to establish whether existing grades
can be used or whether new versions are needed.

Step 2 : Identify material properties available
+ Review status and information available in existing databases and design / assessment procedures.
+ Review information available in existing databases & from ongoing R&D.

Step 3: Decide on how the database is to be presented
¢ Assess information suitability for nuclear purposes and for HTR design and decommissioning.

¢ Upgrade the data in a form suitable for designers.

¢ Review available formats, presentation media, existing tools.

The IAEA database could be a suitable vehicle for this. This would be for non-commercial purposes.

+ Review security implications, central control requirements, access.

+ Review requirements for future use.

Step 4: Develop formats and access tools required
¢ Review existing tools & databases, web access, language requirements.

+ Prepare supporting documents.

Step 5: Collate / assemble information into common formats and make comparisons

¢ Build up information into required formats.

¢ Make test comparisons.

¢ Decide on R&D work necessary for developing and irradiation testing candidate graphite grades.
This would involve two steps;

a) to specify testing requirements for validation of HTRs,
b) to specify a minimum test programme to satisfy data ommisions.
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Appendix B Sources of material information
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1. General

RCC-MR /RCC-M / ASME Design Code Information
EUR Reports

IAEA Reports

IWGGCR Documents

HTR Sources

Fast Reactor Sources

2. Vessel Steels

Worldwide LWR materials database on neutron embrittlement.

CO, cooled reactor sources.

3. High Temperature Materials

High Temperature metallic materials for Gas Cooled Reactors - IWGGCR/18
Cracow, June 1988.

High Temperature metallic materials for application in gas-cooled reactors - IWGGCR/4
Vienna, May 1981.

4. Graphite

IAEA Graphite Database.

The status of Graphite development for Gas Cooled Reactors - IAEA-TECHDOC-690
Japan, 1991.

Graphite moderator lifecycle behaviour - IAEA-TECHDOC-901, UK, 1995.

Irradiation damage in Graphite due to Fast Neutrons in Fission and Fusion systems -
IAEA-TECHDOC-1154, April 2000.
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Appendix C Examples of Material property requirements
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Proposal from Siemens

Project: HTR-M, M1, Work Package W1 | SNP GmbH Dep. NT1/Friedrich 12/8/00
1st attempt data collection for pressure vessel materials

Material Type

9Cr 1 Mo Temperature in °C

Property / Dimensio Data Source /
Attribute n RT 250 300 350 400 450 500 Reference

Base Material (Sheets, Forgings, ..)
Yield Strength 0.2% Offset MPa Data Data Data Data Data No Data /1,2,3..../
Tensile Strength MPa Data Data Data Data Data No Data
Elongation after fracture (A5) % Data Data Data Data Data No Data
Reduction of Area after Fracture % Data Data Data Data Data No Data
Design Stress Limit Sy
Design Stress Limit Su
Creep Strength 10 000 h MPa
Creep Strength 100 000 h MPa
Low cycle Fatigue (104 cyc) MPa
High cycle Fatigue (10”6 cyc) MPa
Impact Toughness (Charpy-V-Specimen) J
Fracture Mechanic Properties
Klc (specimen, conditions etc....) N*m ~ -3/2 132,35, .../
Properties in irradiated condition
Elongation after fracture (A5) 10"21 %
Elongation after fracture (A5) 10"22 %
Impact Toughness (Charpy-V-Specimen) J
Fracture Mechanic Properties
Klc (specimen, conditions etc....) N*m ~-3/2
Weld Metal (weld metal supply forms...)
Similar property items as for "base materials”

Weldability

Reference to detailed and extensive reports

Post Weld Heat Treatment

Reference to detailed and extensive reports

Non-destructive Examination

Base Material (Sheets, Forgings, ..)

Technique

Assessment Criteria/Evaluation Criteria

Condensed tables and reference to detailed and extensive reports

Weld Seams

Technique

Assessment Criteria/Evaluation Criteria

Condensed tables and reference to detailed and extensive reports

Operation Experiences

Reference to detailed and extensive reports
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Graphite Property List

= Stress - Strain relationships: Young’s Modulus

= Strength

= Dimensional change and Dimensional change rate
= Coefficient of Thermal Expansion

= Thermal conductivity

= [|rradiation induced creep

= Specific Heat and stored Energy

= (as transport properties

= Bulk Density / Open Pore Volume
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List of typical RCC-MR data information

SECTION I RCC-MR June 1985 CONTENTS SECTION I

IPENDIX A3 EPPEHDI!{. A3.15%

APPENDIX A3 - 18

PROPERTIES GROUF 15

A2.15.1 INTROMICTION

A3.15.2  PHYSICAL FROPERTIES
A3.15.2,.1 Copefficient of thermal expanzion
A3.15.2.2 Young's modalus
A3.15.2.3 Poisson's ratie

A3.15,3 TEKSILE STHENETH PROFERTIES
A3.15.3.1 Hinimum and average cenventional yield strength at 0,2% offset
A3.15.3.2 Minioum and average tensile strength

. R3.15.4 HNEGLIGIBLE CREEF CURNE

. A3.15.5 AWALYSIS DATA
© 0 R3.15.8.1 VYalues of 5 and §
AZ15.5.2 Yalues of 5y
R3.15.5.3 Creep vupture stress: 51"
A3 15.6.4 Saturation fatique curves
A3.15.5.5 Izochropous curves, creep strain
A3.15.5.6 Sivesses SRh and SR{:
A3.15.5. 7 Symmetrization coefficient Ks
R3.15.6.8 Fatigue=creep interaction diagram
- A31.15.6.0 Cyclic curves, values of Ke and Ku
A3.15.5.9.1 Cyclic curves
A3.15.5.9.2 Coefficient Ke
A3 15.5.9.3 Cpefficient K

A3.15.6  ANALYSTS DATA {Continued)
A2.15.6.1 Average and minfmum tensile hardening rule
A3 E5.6.1.1 For plastic strain 1imited to L3
A3.15.6.1.2 For tots] strain attaining discributed elongation
A3.15.6.2 HBilinear curves
A2.15.6,3 Cresp-strain rule
A3.15.6.3,1 Primary cregp
A3 15.6.3.2 Secondary creep
A3, 15.6,4 Fatigue coerves
A3.15.56.5 Maxirum atlowable strain: Dmax
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Appendix D Examples of presentation formats
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ASME Format for contents / specification

Table 1A 1992 SECTION Il
TABLE 1A {CONT'DY
SEGTION I;-SECTIGN LI, CLASE 2 AND 3;* AND SECTION YINi, DIVISION I
MAXIAUM ALLOWABLE STRESS VALUES 5 FOR FERRDUS MATERIALS
{*5ee Maxlniwm Tempecatuce Limits for Restrictions on Glass)
Allgy Glassy
HNownlnad Spec. Deslg.y Cond_f Grown
Composition Prodwt Farm Ma, Tpesirade  UNS Moo Témper F-Hoo M.
SLr— Y, e Fruging LLE T R F3 5 2
sl L Foming L8336 ... F= 5 2
Skt e Eraaings €a.182 F5 ven - 5 E)
AT ) Faeqinegs 5a.182  Fs . S . L) 2
Alr—bphle - Plye Sa-187 & .. Fl E) z
SCr="Me Fregings LRk R . F5& Vi ] H
Elr—H Mg Farnivet BAISL oo e Faa o E z
Abr-lHa Casthigs 25317 CF . .. aae . = 2
BCr='4Ma st plipe A4 CFR S .- J 3 2z
Elr—'4 My Forgizrs -1 Fla . .- o L] z
ir—lMn “Farginas Ep8.152  FSa . . . ES z
Er—lyMe—51 Smils, Ik JhE1F Tk - 5 z
=hr="t o151 “Emls. phe 5Ra31n PSh can . 5 3
SCr—"tyMa-TI STls. b SAQIE TS .- 5 z
LT Me—Ti Smils, piae Sh-3E PR 5 z
Faray Mo Tube A4S TH 5 2
=My Tulg: ShAFIZ OTF - e 5 2
Yy Mo Fitlings Sh234 WET v 5 2
001, M Fipe Sh33S BY . 4 H
o= Mo Forged pipe S4aLs  FRT o 5 E
- Mo tad plpe SAd2t  LRT . 5 H
T Firgiiey. LLE R o - L 2
NCrulMa Tube 5411 TH . 5 2
Hor—1ME Bt ot HAI T - - H H
ar—1ha Flttlrgs 54231 WPS o e 5 z
ACr=1Ma Flttlngs £A.230 WPy v .. S =
Slr—)Mp Smks, sps 54335 P9 - ] z
Sir—1Me Forged plps 55383 FPO - . - 5 2
ELIRRTE 1Y Fuigings sAtg2  Fy i ] H
Hor—j b Fangirei b LG H F& - > e
LT Fongings SA338 ... o 33 H 2
Hor—flia Cnirers SR-31T €12 - . s > E
Sr—2ho Cakings 5A217 01 e e & z
0= Tl Caikings 5217 12 v . 3 3
or—1Ms Tt ppe Eh-azn DP9 e E *
NCr 1Mol Forglregs SA-lBE  F9L v . . £ 4
1M Fargites TR ... . . 11 N
alr—1Mo—y Smlf, tube SA-213 Tel 5 +
ALrmlMa Tibe EAaEld T9] . .- . 5 4
Fhr—1Me—Y Filingt TheZH WPGL . a-- a %
Hhr=1Mo-7F Ermls. pipe tn.325  PIL 5 &
=] Moy Fipe SAEEE P01 e -l . 5 4
For—1Mo—v Forgegl Sh-FFE L e’ (3] . .3 1
A M Forsing: AN .., e Eal . 5 4
r—i Mo—Y Forged plpe Sh-1u% F P31 - e = q
SGr= Mp=Y Pleke SRJET Nl . o . 5 a
Hor— M= Flabe SRS 4l P 2 ] 4
Hy
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ASME Format for contents / specification (cont)

FART D — PROPERTIES

Tahic L&
TABLE 14 (CORT'DY
SECTION I; SECTION Iil, CLASS 2 AND 37 AND SECTIGH ViII, DIVISION 1
MAXTMUM ALLOWAELE STRESS WALUES & FOR FERROUS MATERIALS
(“See Maamum Temperalure Limils Tar Restrictions an Class)
M. Mie Appllisabllicy and External .
Tensle  Yield Mar. Temp. Linits Fresume
Swength, & i, NP = Nat Permetedd hart Hedes Rolerepes
i ki k m Wil He. T m ¥h-1
s H RF  HF 200 L8 an Gl
0 L1 12 NE He - ads 2r ae-
Ta an 1z HF HE LY ERE ]
Ta f HE o0 13 052 - Bl [t
TS ax R pi= ] P10 T£3-3 . i1} <1
.= 1 1200 HF P BN (ETH R
=0 = HF KR b F] €55 ]
0 B 12 Tl 1200 €3-3 Als A2 19 B ] £1; {3108
Bl &0 HF 700 HE - Bl [Q)
wa 45 1#H  HF HP s (2T
a0 -1 P HF P10 3-3 . - c1
] b 13 HF pFi- LH Al - gl
&0 ] 12H WP P £3-2 | - c1
&0 = 12 HF 1200 52 A1 R &1
L] HH 1+ NWF LR Lo A —an cl
& 25 RF HF 120 51 R 1
o = RF  To0 200 £S5 R BU: [13 1
ki H RE  HF R P10 LA L 1371
L =0 KF 700 1200 57 R Bz [13 &1
0 k) KF 00 LN 052 - Bl Cl
£0 ] L1 T HF . - 1] k]
Ja 40 RF  HF 1200 €52 R 1
&0 25 WP HE e 01 L. o
“ = 100 OO 1200 52 A1 B¥: 12 1
&0 k! 12 HF P B (EDOEFE e
] an WP HF FEL--] T3¢ . an Tl 137]
&a =0 1241 To0 1200 L5 Al Bz (12 1l
Lo =0 18 TO0 1200 52 A1 Ba c1
= = 180 HF HP AY: 2T
G55 T -1 kP HF L] £3-% _-- an =
=5 e HF  HF LR o5 . =1
L] B 12 NP L1 - Al MR .
L= &0 HF  NF 1200 53 R [ HREAICH
0 Bl HF NH) HF . - -
<all Bl hE o’ LTy - - Baz (4)
= 1 14 HP MNP ANz 2T - T
=1 Bl NP NP [Fe ] £5-3 _-- -- 31 ¢33
i1 Ei] 1200 NF 13 e als 21 e
18 &4 HF  HF 1200 £5-1 R . c1
1) B 12M NP L1 are Al gm an
T8 &l 121 HF HE Al: L27) .
a6 Lo NE  HF LR €53 . . =1
&S &0 WF NP Jald rs-3 - an £1: 331
6 Lo 12 NP P BN (BT -
&5 B 12 WP HP A Al 2x an
5a £ 12 WP He Al 23 .
6 &bl HF  HNF 1200 €53 R . 1
a7
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RCC-MR Format for contents / specification

4
L 2]
Raf. Reaited accaptance values ’ >
Proc. | Type of Grace ::‘imtﬂ::&f:} 4t TR tAEpErAture Fmﬁar:;es o
Spee. | product - R (MFad HIn. By o0 (HP] <
RM 3326 | Bary ZECADL7=12 ¢ 150 > B2 10 1% .
TECADLT=12 T 150 ¥ 5l 710 135 E
Conkral 144 nitrogen Z2CHD1E-12 T 150 F RED 280 1%
T CHig=-10 T 260 F &M o 23
16 CHrE-1D % 16D F &M Zln 25
Tontrolled nitrogen 22 €H1%-10 % 150 T & Pl 25 {3]
TACRILT-12 T 150 ¥ 4o 175 1%
I CHG-1D T 150 E g . 175 L
RH 3326 | Forgings | JASCHWZ2-12 B0 (2] 80 (2} b5
[t be 1stued)
RM 233F | Plates Cotkra11ed nitrogen F2CHD1T-12 5300 > 525 a0 1%
.-_ID RM 3332 | Plates ZOCHDI F-12 3100 o ] Fali] 13
) I5CH01 7=1E 1-100 7 sl 210 1%
6 CHIR-10 11400 kS 210 F
25 CHIS-10 I-10a ¥ 5M 21n 28
Lontrolled mltrogen I CH1-I0 3-100 % 55 i ]
TECHDLT-12 3-100 ; 5 175 )
22 CHIS-10 A-104 44 175 44
Controded niktvagen ZZCNOTS-18 i-100 ¥ R0 220 15
AUSTEMITIC STAIMLESS STEELS {Cont.}
r-3
i
o
z
g
Ref, Retuired zoceptance vilvas 5
Proo. I‘E&Ig{ firade f:‘lm:’kﬂ:?ﬁ} at Toom teaperaturg pm”‘:ﬁ"ﬂ'“ . E
ipea. | % (HPa) | Kin. Ry ape (W qroup £
RH 3392 | Forwed s
[to be | plates Cantrolled rftragen ZRCHD1IF-12 3-100 3 425 £20 13 &
isswed) ZECHOLD-2E A= 10HE > B0 aatr} 15 b
. | 2scHDnz-tz | . 3100 ¥ 21D 15
Controllad nitrogen 226N024-17 3-108 2520 20 13
IECHIR-10 3-100 ¥ B0 10 s
IE CH¥E-10 . ER L] IR 10 s
. . |Centrolted ndfvogan 12 c29-10 2100 * 520 21 23 (9
I&mir.12 - . S=if{] > 449m 175 R
22 LH1E-1d 100 E LE ] 175 45
' AM 3335 | Plate, ZALHD17A11 L] GE0-760 225 15
a ; sheat and | ZECNDL1T-1Y T-50 S50= 760 ZIE 15
! strip LfoK 25 CHIG-09 {5 G40=7 8 215 25
copgorts] | 26 GH18-0y En 407140 5 28
.- - 26 CHEA-05 . 20-5r 30120 L1 -
TECKIN7-12 . L5 510-710 s 1%
Z3CMLT-12 L.50 L10-710 208 35
ZCHOIT-13 . L] 510-71D 215 35
Z2CH017-13 B850 Bli=71Q s EX
32 LrlE-10 45 Aap-an 205 45
¢ CH1E-1( L2 ) 490-550 155 135
PH 3331 | deamlesc |72 c18-10 ' .84 » 400 175 43
tuhes foe | . s . . R
exchangers| Cantrolied nitrogen 22 CHI2-10 0,4 > 520 210 2% (1)
- ZEZLNIAT-1E : : LR Tam 175 R
Controlled nitvogen ZELKDI7-12 0,84 > 5E5 . 220 15 =
AWSTEMITIE BTAINLESS STEELS {Cont.) g
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Table 1A

MAXIMUM ALLOWAELE STRESS VALUES 5 FOR FERROUS MATERIALS
(*See Mazimum Temperalure Limids for Resbritthons g Classy

ASME data Format

1992 BECTION If

TABLE 14 {CONT'DY
SECTION I; SECTION IIL, CLASS 2 AND 3;* AND SECTION VIIL DIVISIDN 1

Maximom Albowable Stress, ksi {Mufiply by 1000 to 0bain psl, Jor Melal Tempsmture, °F, N Exgesding

— o0 10 i 150 24 250 0 Ll Ll B0 -121] T TS 500 850 e ELE 1
1580 154 - 4.5 14 L "% 158 157 11.2 128 12.1 0oy 1]
154 154 - (LX) (L) (L) [EX] 1349 13.7 13.% 12.8 12.1 A LE] B
1758 o 174 . 170 1hE 1hE 155 163 1464 154 14,5 14,1 T o
175 . 175 - 170 E L] [15) [T 04 15.4 14.8 1a.1 TRE L4)
1&E 157 - -2 b1 [L1-] 1%y 174 7.1 16.5 gt 15.1 Tt B
200 L] -- 154 LSS Lk L 1) e 174 17.0 11,3 1r8 L

-1 00 - T Tl (1] [LF:] [T =2 174 7.0 18.3 1ik% BT
Fo 2 via 22 -- itE 1Y Fhits 713 pll o0E LT 1.1 1.8 18 B.0
25 ‘ia FE ) a L8 2.5 2.6 ni 09 FLT e v v e .
IXE - ‘Trd -- n.a 1.6 .6 g w0 ol 194 19.1 14.8 1n8 -4
frd) -- fir ) - nF ihh Thts FI%] 205 fak 195 1%.1 143 1ik% BT
=0 .- 150 - 145 144 144 T3 (L] 17 152 124 121 1% K]
150 -- [EX - 4.5 14,4 144 Mz 135 127 FER-] 124 121 104 B0
[LY] vas [E1] “ 1.5 144 144 ta.3 139 w3 %3 124 174 104 (X
0 _-- 150 .- 145 14.4 14.4 Td.3 [ 5 1.7 13z 1z4 121 mwma 04
150 vas 1.1 108 13.4 13.3 13t T2 2E 134 12 114 04 &4
50 .- 150 - 145 14.4 14.4 14.2 T 137 [R Y] 174 12,1 04 o4
R EX) . LER - 145 144 14,4 lag 119 137 132 12E 121 L B
15.0 .- 150 o 14.5 14.9 14.9 14.2 139 [N 1532 124 12,1 194 &4
5.0 . 150 - 18.5 14.4 14.4 14.3 1% 127 132 124 1z.1 WA B4
L5 a-- LR 14.5 1a,9 14,4 14.2 139 137 . . . ... ...
1.5 .- 1.5 o 17,0 108 168 16.5 16.3 T 154 144 14 1495 A0
130 aer T4.1 145 lam 13,3 131 12.8 123 1-T) 121 114 114 10.3
150 .- 150 o 14,5 144 14.9 1.2 134 137 137 125 124 114 106
150 a- 15.¢ 14.5 14.9 14.4 143 1a% 1.7 13z 122 12.1 114 4
10 e 150 ‘- lag a4 144 1.2 139 13.7 13.2 A [ 114 .6
15,0 .- 150 14.5 14.9 18.4 14.2 13.9 T (LX) 124 12 134 106
L _-- 150 -- 14.5 14.4 14.4 14.2 1% 27 132 iz3 izl 114 4
E1 5] .- 2t - 0.5 40,9 20,9 21 199 LT =7 124 17.1 15.2 114
3 - 22 o 20,0 ELE ] ELI 21 1%.7 AL T @3 150 [ER] 158 114
13 . 2t - FIN [ 1. 2thd 187 124 =7 121 17.1 15.2 114
Frd) L FEE o 2LH 2L ZLE 213 205 05 TRE 191 E=T-] 15.5 114
125 .- 224 2148 L4 LB 213 1Y 15 [ 19,1 %3 16.5 114
s .- 224 212 2l.2 ala 2.2 2.0 FL I . . . . v
22.5 e FEE o 214 2L 2L L6 205 205 . . . .

213 _-- n.3 2l.2 2.2 1.1 208 205 L) e 127 b= 6T 155
213 - LA o .2 2.z 211 0.8 20.5 2k pLT:) L=t 175 15.7 16.5
213 - 213 712 212 711 0.8 20.5 1) 1A [T 1%E 14.T 15.5
3 . i Bl k) 1.1 LB 20,5 2 121 127 17e W T 15,5
21.3 - 211 o 2L.2 212 211 208 B0.5 1) 14 1w 75 . 18T 15.5
1.3 .- 21.3 zl.z zla2 21.1 F1 0.5 .0 184 [T TEA 16,7 15.5
213 o na 21.% F1E] 1. 0.8 20,5 EL L 1%.4 1%7 175 15.7 15.5
213 . ZL.3 o L2 21.2 21.1 z0.4 0.5 200 19.4 137 1E 157 15.5
L3 o 1.3 F3E] EAE] 1. ELC 0.5 0. 19.4 BT ITE 157 15,5
213 ZL.3 o 1.2 21z 211 EL T 0.5 20.0 1a.d 37 E 157 15.5
%13 - 1.3 zlz Zlz 21.1 L L .5 200 1%4 L&) 175 6T 15.5
ZL.3 o 2L . EEE ] FAE ] z1.1 0.8 0.5 z0.0 19.4 127 175 157 15,5
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ASME data Format (cont)

BEART D — FROPERTIES

Tablk 14
TABLE 1A {GONT'DD
SECTION I; SECTION MI, CLASS 2 AND %* AND SECTION WIIE, DIVISION 1
MAXEMUM ALLOWABLE STRESS VALUES 5 FOR FERROUS MATERIALS
{*5See Maximumn Temperature Limits for Restrictions en Glassh
Maximam Alboweble Stress, Jsl (dullipny by 1000 to ftitzin peal,
Tor Melal Temperamre, *F, Mot Extesding . Typas Sper,
0] 1050 110] 1154 1200 1250 13080 1254 14000 1450 1500 Grardt o
58 LF 9 15 0 - . 58,330
5.8 4.2 25 3 E= .- a-- . - - Sa.336
LY 4.2 29 R 10 . - -- F5 Hh-143
5B 1.2 29 15 1.0 - . e F§ 54182
5.8 4.2 F3] E ] 1A - -- - 5 54387
58 -z A 15 140 aue - SA-3kh
52 2 25 1% 10 - .- ELEEE )
£33 -z 3 14 14 - - =2} FA-Z1T
.- - o an- L.P5 Shr
5 L] FL] 14 14 -5 5a-182
55 L2 24 148 14 -- .- F3a FA-182
F-E] £.2 24 1A 14 -- - T SAZ13°
EE ] 4% 24 1.8 0 -- - F5b GHA-EFS
58 a2 FA 1.B 10 aa TEe Eh-213
L] 0.z 24 N ] i - -- - ) FAHNE
EE] a2 X X 13 ™7 TA1HY
54 LE| FX F3] T3 - L] 85213
4.8 a.% 2T 0 13 - -- Wi FA-E30
5.B .2 kX ] e 13 - - n Ea-311%
50 Az 25 F3] B4 - oo £h.369
a-- -- - e ran [ GF7T FA-4%R
5B 4.2 FA] FX-] L] . R FI 4182
E¥] 0 2 22 15 . .- T4 &A19%
24 50 IF F 1% - - - T S5A-213
4 0 23 22 14 - - a-- —-- Wk SAEH
7A ] xEF 2] 15 R WP G334
Tt £ LX) .2 1.5 -- - ] SAa3F
A -] 3 2z 15 - (1] SA-285
74 LT a5 FR] 15 . F¥ Sh-id
T4 L1 L e 15 -- - -- F¥ Eh-19E
T4 50 LB ER] 15 R . SA-EFE
T 54 3 2 1.5 - - -- = L8217 .
T4 54 1.3 2.2 15 - -- ciz 54217
. - - . oz SA-RLT
R - o] Az
4.3 121 10.3 Tl d.3 . Fa SA- 18R
14.3 129 3 0 LA ] . R 3l 5a-182
14.3 124 103 .0 a3 e T4l SAE]N
14.3 12.9 13 R 43 - . 9l FAELA
1.3 1z.% 3 k) 13 . - - WPl 8,239
143 129 3 e 4.3 - PaE 5A-335
1.3 e LLES T2 ¥ - P R
14.3 [FA] [1-3:] 0 3 - 5833k
14.3 129 L] T +% e aa SlA
T4.3 125 =% 0 LR . wan R FPa1 Se3LT
T4 L] 103 T 2% - . 1l SA3ET
1.3 125 b TH 4% -- L1 LA 25T

47
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Plan for RCC-MR data information

SECTION I ACC-MR June 1985 CONTENTS SECTION I
IPENDIE A3 APPEHM; Az.1%

APPENDIX A3 - 15

PROPERTIES GROUF 15

£3.15.1 INTRODUCTION

A3.15.2  PHYSICAL FROPERTIES
A3.15.2,1 Cpefffcient of thermal expansion
A3.15.2.2 Young's modalus
A3.15.2.3 Poisson's ratie

A3.15.3 TEMSILE STRENGTH PROPERTIES
A3.15.3.1 Hinimum and average conventional yisld strength at 0,2% offset
A3,15,3.2 Minioum and averaae tensife ztrength

.. BA3.15.,4 NEGLIGIBLE CREEF CURVE

. A3.15.5 AMALYSIS DATA
. ALIS.E.1 VYalues of 5 and S
AZ.15.5.2 Walues of 3,
A3.15.5.3 Creep vupture stress: Sr
A3.15.6.4 Saturation fatigue curves
A3.15.5.5 Izochropous curves, creep stradn
A3,15.6.68 Stresses SRh and SRC
£3.15.5.7 Symmetrization coefficient Ks
h3,.15%.5.8 Favique-gcreep interaction diagram
- A3.15.5.% Cyclic curves, values of K= and Ew
A3.15.5.9.1 Cyclic curves
A3.15.5.9.2 Coefficient Ke
A3.15.5.9.3 Coefficiont K

A3.15.6 ANALYSIS DATA {Continued)
AZ.15.6.1 Average and minimum tensile hardening rule
A3 E5.6.1.1 For plastic strain 1imited to L%

A3.15.6.1.2 For tots] strain attaining diseributed elpngation
A3.15.6.2 Bilinear curves

A2.15.6.3 Creep-strain rule
A3.15.6.53.1 Primary cresp
A3 N5.6.3.2  Secendary greep
A3 15.6.4 Fatigue cerves
A3.15.6.5 Moxirum z¥lowable stratr: 0.,
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