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Development of a Data Model for the Metallic Materials Database
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Synopsis: The National Institute for Materials Science (NIMS) has published Structural Materials Data Sheets since 1966. Some
data sheets are also available through the online database application “Kinzoku,” which was updated in 2023 with a new unified
data model. The Kinzoku data model was constructed by analyzing the implicit structure of long-accumulated data sheets, and by
defining entities such as material, piece, properties, and test conditions, as well as their relationships and attributes. Three data
formats were implemented based on this model: TSV for daily editing, PostgreSQL for ensuring data integrity and querying, and

XML for semantic interoperability. This data model was applied in several scenarios, including an extension of the framework to

support liquid hydrogen—related materials data, which is crucial for the development of hydrogen energy infrastructure.
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(a)

Material »  Property
(b)
Material > Piece »  Property
Welding
process

Fig. 1 (a) Data model where properties are directly tied to a
‘material entity. (b) Data model where a ‘piece' entity has
been introduced between the material and the property,
allowing for more complex representations. After Refs.
10, 11.
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Conceptual data model
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Fig. 2 Conceptual data model serves as the foundation upon which
data formats are defined and databases are built. Shared
understanding among stakeholders arises from a shared
model, which may be explicit or implicit.
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Common among typical Creep Data Sheets:

1. Details of materials

Columns Example entry
Reference code MBB

Type of melting BEA (basic electric arc)
Size of ingot (kg or t) 4.85

Deoxidation process Si-killed

Product form Tube

Dimension (mm) 50.8 OD 8 WT 5000 L
Processing/thermal history (omitted)

Grain size 7

Hardness 83

Non-metallic inclusion (%)

2. Table of chemical composition
Requirements for each element (a column for each element)

a row for each reference code:

Chemical composition (mass %) (a column for each
element)

3. Short-time tensile properties
a row for each reference code:

a column for each test temperature:

In some Creep Data Sheets:
0.2% proof stress

Summary of rupture strength
Rupture curve predicted from data points

« Temperature dependence of 0.2% proof
stress, tensile strength, and creep rupture
strength

Tensile strength

Elongation (%)

Reduction of area (%)

Data plots and regression lines Different tabulation of creep data

4. Creep rupture data

a table for each test temperature:

Data plots

« Stress versus time

« Time to rupture versus minimum creep
a row for each reference code: rate

a column for each stress: .
Microstructure photographs

Time to rupture (hours)

Elongation (%) Profile photographs of specimens

Reduction of area (%)

Supplementary data

* Specimen sampling

«  Test methods

* Analysis and representation methods

Fig. 3 Analysis of typical content structure in NIMS Creep Data
Sheets. After Ref. 11.
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Table 1 List of main entities and their ID format examples.

Entity type ID example

D-NIMS-SDS-18

Data source

Material M-NIMS-SDS-18-Alloy718
Composition 2)
Piece P-M-NIMS-SDS-18-Alloy718-OA ®
Heat treatment @)
Welding W-NIMS-FDS-41-SAW ©
Tests

Creep test T-C-NIMS-CDS-C-1 9

Tensile test T-T-NIMS-FDS-41-19
Elastic modulus test | T-EM-NIMS-FDS-83 9
T-F-NIMS-FDS-1-UNI-1 4©
T-Co-NIMS-CoDS-19

Fatigue test

Corrosion test

Properties
Creep property 2
Stress relaxation 2)
Tensile property 2
Mechanical property |9
Elastic modulus 3
Fatigue (FS) ? 2)
Fatigue (LC) » 2)

Fatigue (SC-CAT) D |®
Fatigue (SC-IST) »  |®

Fatigue (FCP) D 2)
Corrosion property 2)
Notes:

a) Explicit IDs were not assigned to these entities as we found out
that they are never referred to from other entities in practice. In
the Kinzoku backend, IDs are generated upon data loading.

b) OA: outside axial. Other patterns include OT: outside tangen-
tial; IR: inside radial; etc.

c¢) SAW: submerged arc welding. Other patterns include GMA:
gas metal arc welding; etc.

d) T-C: creep test; T-T: tensile test; T-EM: elastic modulus test; T-
F: fatigue test; T-Co: corrosion test.

e) UNI: uniaxial. Other patterns include RB: rotating bending;
TOR: torsion; etc.

f) FS: fatigue strength; LC: load-controlled; SC-CAT: strain-con-
trolled constant amplitude test; SC-IST: strain-controlled

incremental step test; FCP: fatigue crack propagation.
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Fig. 4 Entities and their relationships, referenced by entity IDs.
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KT, ZOTSVERYTIZ, 205747494 7Zk1C
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%77 ANV IUATHIZAN S, 3ATHOSHAEL, 247TH - 44THIZ
TEEMICRI T 247 CH ) (Fig. 5 TIEEIE), F— 7KK
B5SITHPLMEE 5. BRI YT AT ADL VAT VA
#HRL, KEOFOFNIEIHETHERZID BEF—L LT
ANbo VT4 T4 MOBRIIZOID 2 HWTIT),

CORKICITEA L H 5, B ID NELET 55, B
EAHRBHAND, BHT7 4 =V EPH T > T0ENE

W 7o F— ST OREEE, THORTIIITR GV £
D7=DIZNETa 7T eEL)», V—Yatvr—
7 N— Z DRI TR DL Z L2k b
42 RDB DEAM SRR MRE

VY=Y aF b F—FR—2E T A5 25 (RDBMS) O
ML, 77— 7 EEMOMAE L SQL (Structured Query
Language) (2 & 25871 2 MBRHREEIC D 2o HHEEF — IS
X0 [HFALE L 72\ > Material %S89 5 Piece] & & \voiz
AREAEEIETE, 4 Y7y 7 22X ) Bl REHTEE
E%bo L LT — % BHEH RDBMS % HHFRIET 5 2
EIZBEMTIE R Vs SQL 12 & A INSERT XX UPDATE XX
*FEHEELTCT— Y2 HHT A1, TSV OMEIZHEN
HEAFNDPERINS FITHFEDLLH L,

FITERANFH LT 702 —FIE, TSVE Y —AF—
L, RDBZZDIRAEME LT L) LDTH b,

[Material
_B Material ID Material Datasource ID .. | Nominal Composition | Material Standard Material Category
M-NIMS-CDS-1-STBA22 STBA22 (1Cr-0.5Mo) D-NIMS-CDS-1 .. | 1Cr-0.5Mo JIS G 3462 Low alloy steel
M-NIMS-SDS-18-Alloy718 cast Alloy 718 D-NIMS-SDS-18 .. | Ni-based AMS 5383 Nickel based superalloy
M-NIMS-FDS-111-Ti6Al4V | Ti-6Al-4V (900MPa CLASS) D-NIMS-FDS-111 . | Ti-6AI-4V ASTM B348 Grade 5 | Titanium alloy
[Composition]
|> Material ID Analysis Si ... |Ni Al Ti \'4
mass% mass% ... | mass% mass% mass% mass%
M-NIMS-CDS-1-STBA22 Product analysis 0.12 0.36 ... 10.089 0.003
M-NIMS-SDS-18-Alloy718 Product analysis 0.06 0.05 . |52.54 0.55 0.97
M-NIMS-FDS-111-Ti6Al4V Specimen analysis 0.015 6.30 bal. 4.33
_B [Piece
Material ID Piece ID Heat Tr Welding ID Zone |Crack Pr ion Zone
M-NIMS-SDS-18-Alloy718 | P-M-NIMS-SDS-18-Alloy718-0A Outside axial
M-NIMS-SDS-18-Alloy718 | P-M-NIMS-SDS-18-Alloy718-OT Outside tangential
M-NIMS-SDS-18-Alloy718 | P-M-NIMS-SDS-18-Alloy718-IR Inside radial
_B [Data Source] [Process] [Welding] [Heat Treatment]
\ \ \ \ \ \ \
> [Creep Test]
Test ID Test Standard | Test Method .
T-C-NIMS-CDS-CR-1 | JIS Z 2271 Creep rupture test | ...
T-C-NIMS-CDS-C-1 | JIS Z 2271 Creep test
a [Creep Property]
8 Piece ID Test ID Test Test Stress |Time to | Test Elapsed |Elongation |Reduction
= Temperature Rupture |Time of Area
o [N c MPa h h % %
P-M-NIMS-CDS-1-STBA22-abc T-C-NIMS-CDS-CR-1 500 373 * i il
P-M-NIMS-CDS-1-STBA22-abc T-C-NIMS-CDS-CR-1 500 333
P-M-NIMS-CDS-1-STBA22-abc T-C-NIMS-CDS-CR-1 550 265
P-M-NIMS-CDS-1-STBA22-abc T-C-NIMS-CDS-CR-1 550 216

_B [Mechanical Property] _B [Tensile Test] ‘g _B [Elasti‘c Modul‘us Test]
[ [ [ \ s
\ \ o 1 3 1
a =
AN [Stress Relaxation] 2 N [Tensile Property] f;.f N [Elastic Modulus]
\ \ \ \ &
\ \ \ \ i \ \
_B [Fatigue Test] _B [Fatigue Property FS] _B [Fatigue Proper‘ty LC]
\ \ \
g \ \ \ \ \
2
=
E _B [Fatigue Property SC-CAT] _B [Fatigue Property SC-IST] _B [Fatigue Property FCP]
\ \ \ \ \

Fig. 5

TSV files in Kinzoku plain-text format, shown here as tables. The topmost lines in square brackets indicate the entity type and are

not part of the actual files. Header rows and the primary identifiers are in bold. Only a selection of the columns is shown here; for

the full list, see Ref. 18.
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Fig. 6 The Kinzoku web application”, implemented using the
model and format described in this paper.
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