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1. Introduction

s Elevated Temperature Design (ETD) Codes

» ASME Section lll Division 5 Subsection HB (‘fASME-HB’)
» RCC-MRx

» JSME D&C Code for Fast Reactors, BDS (Japan)
» KEPIC MNH (SFR, Korea)

< ETD Code for EU Gen. IV

(ASTRID, MYRRHA, ALLEGRO)
= RCC-MRx

< ETD Code for ITER

= RCC-MRX (Eurofer)
= ASME-HB

ASTRID MYRRHA

EPERC Conf., INAIL, Italy, 2 April, 2019

Central Solenoid Coil
Nb,Sn, 6 Modules

Paloidal Field Coil
NbTi, 6 Coils

Toroidal Field Coil
Nb,Sn, 18 Wedged Coils

Cryostat
29m (H) x 28 m (D)

ALLEGRO

Vacuum Vessel
9 Sectors

Port Plug

H&CD
Diagnostics
Remote Handling
Blanket

440 Modules
Vacuum,

Extraction
8 Units

Divertor
54 Cassettes

PGSFR (Korea)
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2. Elevated Temperature Design rules : ASME-HB

‘ Thermal Analyses ‘

Metal Temperature

T > 427°C for 304SS, 316SS, Alloy 800
> 371°C for 2.25Cr-1Mo, 9Cr-1Mo-V

No

h 4

ASME - NB

ASME — HB*
Appendix HBB-T
(Non-mandatory)

\

A4

‘ Limits on Deformation Controlled Quantities ‘

Limits on Load-
Controlled Stresses
(Time Dependent /
Independent)

‘ Inelastic Strain ‘ ‘ Creep-‘;atigue ‘ ‘ Buckling ‘

i 1

51£Iastic S j/ Damage
\ Creep s \(Interacti

Low Temp.: ASME-NB
High Temp.: ASME-HB

EPERC Conf., INAIL, Italy, 2 April, 2019

Materials

» 304SS

« 316SS

« 2.25Cr-1Mo

* Mod.9Cr-1Mo
« Alloy 800H

« Alloy 718(Bolt)

% R - - - (‘/QA Korea Atomic Energy
ASME-HB : ASME Section Ill Div.5 SubsectiondB: rescarch institute
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2. Elevated Temperature Design rules : RCC-MRXx

[ Loading Type ]

cyclic loading?

‘ Type P damage

(monotonic loading)

creep negligible?
Yes No Yes
Negligible creep Significant creep
|

[ Negligible creep ] [ Significant creep ]
Strain limits

Load-controlled

Type S damage
(cyclic loading)

creep negligible?
No

v v

stress limits

v A 4 v
4

Load-controlled Creep- & creep l Ratcheting
stress limits rupture- usage Ratcheting rule

Or ‘38, rule

Low & High Temp.: RCC-MRx @
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i

Materials

- 304

« 304L

« 316L

» 316L(N)

« 2.25Cr-1Mo

* Mod.9Cr-1Mo
« Alloy 800

£ S
¢ 7, Korea Atomic Energy
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2. Elevated Temperature Design rules : Comparison

< ASME-HB +_RCC-MRx AP+Q+F)

- strain based approach (strain results used)
- Equivalent strain range (peak strains should be

- strain from total S. ([Jl) based

approach (peak o included : stress results used)
excluded in elastic analysis approach)

Ag = Agerspi + A& er Agelvpl = A& + A&y + Aez + Agy
equivi= T *. g
2(0+v) A
+2(Ay o7 PhAL g1 (5 bocU=° A Ags =...
Y ////' ent 1€ esult® u\-ed \

S ... [user ‘éa\cu\amns‘ e , . ,
& =K, Asy, d+KA“>" 'w \—\’a‘“d e given v Creep law is used for determining creep strain

e — 1% sM
Agcr <j gcr _Clt o

b
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v/Isochronous curve based damage v Cyclic o- 5 curve oducioVy
O- & 1
Rrep
evaluation (both for: creep & fatigue) Bette’ amming
e R 9
e LA TT LTI e for P
o i[ 4 j zq:[A’] D os MOYe suit2l
e e[ = = dur
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3. HITEP_RCC-MRXx

% ‘Design evaluation & defect assessment program’ as per RCC-MRx (2018 Ed.).

% HITEP : HIgh Temperature design Evaluation Program of RCC-MRXx.

» Language : PHP (a server-side scripting language designed for web development)

HITEP_RCC-MRXx is operating at SMART phone as well (web-based program)

% Three-module Program (3-piller)
> DBA (Design-By-Analysis :RB-3200)
> Pipe (RB-3600)

» A16 (defect assessment)

< Royalty License Agreement with CEA
for DBA + Pipe module (9 Nov. 2017)

EPERC Conf., INAIL, Italy, 2 April, 2019

—

P High Temperature design Evaluation Program for RCC-MRx
(,‘ KAERI

) HITEP_RCC-MRx N

Il [ | [ []] | [ ——

RCC-MRx 2CC-MRx |

‘ DBA (RB - 3200) \ ‘ Pipe (RB - 3600
4 i

V4

< /xari
1 [ [ ] [[] [ [ —

) HITEP_RCC-A16

Creep-Fatigue Initiation
Creep-Fatigue Propagation

LBB Assessment

Guide for LBB &
Defect Assessment

User Manual

il

e
SRuTARY

High Temperature design Evaluation Program for RCC-MRx

Ver. 2.0

—)

> >
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3. HITEP_RCC-MRXx : Program Structure

HITEP_RCC-MRx Ver. 3.0

Design-By-Analysis (RB-3200)

HITEP_RCC-DBA

Design-By-Rule for Piping (RB-3600)

HITEP_RCC-Pipe

) HITEP_RCC-DBA Y2

& High Temperature design Evaluation Program for RCC-MRx
/ KAERI

Il B Ll L

P - Type Damage

S — Type Damage

SUBSECTION B
User User RB — 3200
Manual Material [2018Ed.]
P 2l
g%'yxma;g

) HITEP_RCC-Pipe e

High Temperature design Evaluation Program for RCC-MRx
/KAERI

il e | [ [[] |

SUBSECTION
RB - 3600

[2018Ed]

User User
Manual Material

DBA module (pressure boundary components)
EPERC Conf., INAIL, Italy, 2 April, 2019

Pipe module (pipe evaluations)

Assessment for Defect (A16)

HITEP_RCC-A16

] HITEP_RCC-A16 Ver. 3
€ //K AERi High Temperature design Evaluation Program for RCC-MRx

V|

I pEenim— | | ]| IS —]

Creep-Fatigue Initiation

Creep-Fatigue Propagation

C-MR
A16

Guide for LBB &
Defect Assessment

LBB Assessment

User Manual

A16 (Defect & (LLBE-assessment)

~ - Korea Atomic Energy
KAERI Research Institute




3.1 HITEP_RCC-DBA module

s RCC-MRx RB-3200(DBA) design evaluation module

= Design-By-Analysis module for pressure boundary comp. (pressure vessel, Heat exchangers etc.)
= Main material properties (316L(N), 316L, 304, 304L, Gr.91, Eurofer) embedded.

= Creep-Fatigue Damage evaluation and Verification (third-party verifications)

’ RCC-MRx RB-3200

P — Type Damage (RB-3250)
Negligible Creep (RB-3251)
Significant Creep (RB-3252)

S — Type Damage (RB-3260)
Negligible Creep (RB-3261)
Significant Creep (RB-3262)

EPERC Conf., INAIL, Italy, 2 April, 2019

A ey Ver. 3.0
—) HITEP_RCC-DBA!

/KAERI High Temperature design Evaluation Program for RCC-MRx
Il B [ ][] ] [
- Py

P - Type Damage

S — Type Damage

\

\ [

>

User User
Manual Material )

SUBSECTION B
RB — 3200

[2018Ed.]

ey

o

C KAERI

T EEY
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3.1 HITEP_RCC-DBA module — Input & Output (1/3)
+P-Type Damage

Material [316L v
Weld or 8ase  [Base v E-ilype DeniageLevelA)
Service Level ® Level A Level C Level D Material 316L
UNIT MPa Pa Evaluation Items (Significant creep) Calculated Limit value Remark
[ Primary Stress Component (Max) ] J-integral h<he 0 ki/m? 500 ki/m? OKil [+]
Ox gy L3 Oxy Oyz O P P < Sm 5.4674 Mpa 794 Mpa oKl [+]
Pm 1000 | 2491 | [1a9 [0:2002 271 | [ | P, P <155, 5.4674 Mpa 1191 Mpa oKl [+]
L o | o | [o lo o 1 [ ] P+ Py P+ Py < 158y 7.9891 Mpa 1191 Mpa oKl [+]
Py 532 | 48 | [27en | 1456 4317 | [58% | Un@P,) Up@P) <1 4.6860¢-18 1 oKl [+]
F 0.5823 [0.386 ] [1.776 |0.8864 09726 | 06100 | UpPr+@Py) UpPrme®Py) < 1 10010516 1 oKl [+]
[ Reset] W4(1.35P,,) WA(1359,) < 1 59928510 1 OKll [+]
gl JE5S) fio ] Fitogrel Bso | WAlL35(P+0Py)])  WAIL35Pn+0Py)] < 1 350679 1 oKl [+]
Total Hold Time is000 ] Cross-Section Coefficient(®) [oss |
[OK]|[Close] [ Save ] [ Reset All ] L Backl | bt
Input Window Output Window
EPERC Conf., INAIL, Italy, 2 April, 2019 é%? Rosearc Ititute o D




3.1 DBA module — Input & Output (2/3)

+S-Type Damage

Materal Weld or Base
Gverload Secondary membrane stress (Qr)
Max.temp (Q) 510 Hold Temperature (C)

[500 1

Total Hold Time () ] Design Number of Cyclesin)

Cross-Section Coefficient(s)

P
Lo

P

=

{ erimary Sess Component (vin) |
o q o o o o
o P G 0 ] 5 o ]
ta 3 ] o) o ] o 13 o ]
[ 2 ] @ 0) ] B o @ ]
3 [@ ] b1 F ] [ o | CO—
[ Reset.
[ seconcary stress Component (Vag
o G o

Qn o7 | fersi | [eatn ]

£ [ies T fasar | [2e

F [sTs s687 i3

[ Secondary Stress Component (Min) |
on o I — N — o —
@ [ 1 B R S S
7 o I [ | m— ) ]
[ Reset
[OK]|[Close] [ Save] [ Reset All ]

S - Type Damage
Material 316L
Evaluation Items (Significant creep) Calculated Limit value
Py Py <135, 39.839 MPa 10322 MPa
Py Py<13X155, 42536 MPa 15483 MPa
Max(Py, +-00) s« Maxigll. MaxiPr ) Po) + Max ol 166.22 Mpa 2382 Mpa
n <3Sy
Sl * B (L25Py)  Fpesic * frmep (L2 00092 % 1%
Eolasic + Ecresp (125 py)  Cplasic * Ecreep (125 P) 00108 % 2%

<2%

Creep-Fatigue Damage

Fatigue damage

Creep damage

Negligible (Negligible)
0.0454 (0.0007)

———
Creep-Fatigue Envelopel[show
[ S
1.4355E-5 (0.0002)
0.8999 {0.9980)

[Back]| [ Close ] | [Export]

Remark

oKl [+]

oKl [+]

oKl [+]

oKl [+]

OKIl [+]

OKI! (OK) [+]
OKI! (OKIY) [+]

Output Window

EPERC Conf., INAIL, Italy, Input, Window

S5

click

Creep-Fatigue Envelope
(significant creep)

Creep-Fatigue Damage

.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

“Cautiont!
Minimum rupture stress (5,) at wall Temp. (510 °C) is not provided in
RCC-MRx (A3).

Therefore, creep damage is calcualted using S, at 550 (RCC-MRx) and
is shown as defauit resuit. In addition, creep damage result with extra
polated s, at 510 °C is shown in bracket 0 as well for your reference.




3.1 DBA module — Input & Output (3/3)

ssExporting total evaluation results in Excel form

HITEP_RCC-DBA

Material 316L
Service Level Level A
Max. Wall Temp. 300
Total hold Time 8507
Hold Temperature 545
Evaluation Items Caculated Limit value Remark

Pa<S, 31.118 102 OK!!

Neglgibl Py <158, 31.118 153 OK!!

Creep P+ P, <155, 43.891 153 OK!!

P Type J-integral 350 500 OK!!

Damage U(QP,) 0.6607 1 OK!!

Significant U@,+P,) 0.5519 1 OK!!

Creep W(1.35P,) 4.7975E-16 1 OK!!

WI1.35(P,+®P,)] 6.0158E-14 1 OK!!

P;<138, 38.062 132.6 OK!!

Nelgil P,<13x158, 87.698 198.9 OK!!

Creep Max(P,, + P,) + Max q(ij') <3 Sy 396.72 306 Fail

S Type Fatigue Damage 0.002% 0.0099 OK!!

Damage Spanic T By (125 P) <1 % 1.8903E-5 1 OKI!

S Eptasic T Eurep (125 P5) <2 % 0.0315 2 OK!!

Creep Fatigue Damage 0.002% 0.0099 OK!!

EPERC Conf., INAIL, Italy, 2 April, 2019 Creep Damage 0.2933 09768 oK!

Q)
(‘Aum

Korea Atomic Energy
Research Institute
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3.2 HITEP_RCC-Pipe module

+RCC-MRx RB-3600(DBR) program
— Evaluations on P-Type & S-Type damage

—Web-based DBR (Design-By-Rule) evaluation module.
") HITEP_RCC-Pipe

E RCC-MRx RB-3600

P — Type Damage (RB-3650)
Negligible Creep (RB-3651)
Significant Creep (RB-3652)

S — Type Damage (RB-3660)
Negligible Creep (RB-3661)
Significant Creep (RB-3662)

/

EPERC Conf., INAIL, Italy, 2 April, 2019

e / KAERI

P - Type Damage

S — Type Damage

<

,
User User
Manual Material

High Temperature design Evaluation Program for RCC-MRx

Ver. 3.0

SUBSECTION B
RB - 3600

[2018Ed.]

A

-
P

)

KAERI
SR Ry

a7
Z)

F ~ - Korea Atomic Energy
KAERI Research Institute
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3.2 HITEP_RCC-DBA module — Input & Output (1/3)

HITEP_RC! x

Material 316L v
Service Level ® Level A8 J Level C Y Level D

[ Geometric Information ]

Geometry Straight Pipe v EP_RCC

D, (mm) D; (mm) [&

h (mm)

P - Type Damage (Level A)
[ Internal Pressure (Max) ] [ Internal Pressure (Min) ]
Prnax (MP2) [os Proin (MPa) [0 )
= Material 316L
[ Load controlled moments (Max) ] [ Load controlled moments (Min) ]

Mo mss (N-mm) [514500 My min (N-mm) [0 Geometry Straight Pipe [+]
Mamax (NMM) -46947 Mz,min (N-mm) lo
Maimae (Nmm) asse | My, (o) o Evaluation Items (Significant creep) Calculated Limit value Remark

{ Displacement controlled moments (Max) ] { Displacement controlled moments (Min) ]

Pm Pm S Sm 0.0713 Mpa 74 Mpa OK!! [+]
My, max (N-mm) [-2187200 My, iy (N-Mm) [o
M e (N) [233430 | My (Nemm) O P + Py P+ Py <135, 10.252 Mpa 404,64 Mpa OKll [+]
Mamax (NMM) (1675800 M3, i (N-MM) o "
. Sm *+ Sp S+ Sp 58 7.1830 Mpa 46.238 Mpa OKll [+]
[ Wall mean temperature (Max) ] [ Wall mean temperature (min) ]

Tonax () [500° T (O 25 UaPrm) UaPm) =1 11075€-11 1 OKll [+]
Tunaaeirax (€) | J— Tiinaartin (€) o | Us(Pm+®Py) Ua(Pm+®Py) < 1 - AUs 0.0002 1 oKl [+]
Ton-tinax ) [o” Thon-tiiin Q) [o

Stress Factor [Use Default Value v W,(135Py) W4(L135P) =1 29713E-13 1 OKIl [+]
[ cycle Information | W[135(P+®PL)]) WAL35(P+@Py)] < 1 5.0656E-5 1 OKIl [+]
Hold Time of Total Cycle 15000 Design Number of Cycles (n) 30
Highest Temperature (°C) [500 [Back]| [ Next]
[OK]|[Close] [ Save ] [ Reset All ]

N\

Input Window Output Window g%’l ore AN

p
EPERC Conf., INAIL, Italy, 2 April, 2019 SR 14




3.2 Pipe module — Input & Output (2/3)

+RCC-MRx RB-3600 (DBR*) based C-F damage evaluati i Futigno Do

1.1
HITEP_RCC-Pipe x 1.0
0.9
S - Type Damage (Level A) 0.8
Material 316LN 0.7 4
Geometry Straight Pipe [+] Creep-Fatigue Envelope 0.6
Evaluation Items (Significant creep) Calculated Limit value Remark (Sugnlftcant creep) 0.5 1
- . 0.4+
Py Py <135, 24301 MPa 126.88 MPa OKIl [+]
Pz Py < 169 S, 45036 MPa 164.94 MPa oKl [+] 0.3 4
( (, Max(Py, + Py) + M ]
MakPy: = Ph) -+ Maxall,  MaxFs = Pul = Max dl 117.15 Mpa 2028 Mpa OKll [+] 0.2
n 1) <35n 0.4
) Elastic + Ecresp (125 P ! ]
Eplastic + Ecreep (125 Py)  Pastic :’fiz‘ ) 00002 % 1% oKl [+] i (V,W) | 1]
Eolastic + Ecresp (125 P5)  Plastic icfzee‘; (125 Py) R 27 oKl [+] 0.00.1020304050.60.70.8091.01.1
Creep-Fatigue Damage Creep-Fatigue Envelopi_-[ST\Ew-I i
Fatigue damage Negligible 4.8864E-9 .
click
Creep damage 0.0002 0.9999 g
[ Back ]| [ Close ]| [Export]
<) Korea Atomic E
EPERC Conf., INAIL, Italy, 2 April, 2IDBR : Design-By-Rule %m ResaarehInstiute s
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3.2 Pipe module — Input & Output (3/3)

HITEP_RCC-Pipe

o 5 - ) Straicht Pi
*Exporting total evaluation results____Seome ight Pge
3 2 . Material 316L
in Excel form (for pipe design) p—— e
Max. Wall Temp. 300
Total hold Time 8507
Hold Temperature 545
Evaluation Items Caculated Limit value Remark
Po<80 31.118 153 OK!!
Neglgible &
< ) n
Creep Pr <158, 43.891 153 OK
P, +P, <158, 0.6607 1 OKI!!
P Type - "
—— U(QP,) 0.5519 1 OK!!
Significant U(Py7Py) 4.7975E-16 1 OK!!
Creep W(1.35P,) 6.0158E-14 1 OKI!!
W[1.35(P,+®P,)] 350 500 OK!!
P <138, 38.062 132.6 OK!!
~Neloihil B<]3xl 58y 87.698 198.9 OK!!
Creep Max(P,, + Py) + Max q(ij) < 3 Sa. 396.72 306 Fail
S Type Fatigue Damage 0.0029 1 OK!!
Damage Eptasic T Sernep (125 P < 1 % 1.8903E-5 1 OKI!!
Significant Eptanic T Semep (125 P5) <2 % 0.0315 2 OK!
Creep Fatigue Damage 0.0029 0.0099 OK!!
EPERC Conf., INAIL, Italy, 2 April, 2019 Creep Damage 0.2933 0.9768 OK!!

2
Korea Atomic Energy

ERI Research Institute
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3.3 HITEP_RCC-A16 module

“HITEP-RCC-A16

— ‘Creep-Fatigue crack initiation’, ‘C-F crack propagation’ and ‘LBB’ Evaluation Block.
— For verifications, direct calculations with Excel and MJSAM used.

— MJSAM example partly used for verification.

RCC-MRx Appendix A16

Creep-Fatigue Initiation

A16.3321.2, A16.3322.2

Creep-Fatigue Propagation
A16.3321.3, A16.3322.3

Leak Before Break

A16.3400

EPERC Conf., INAIL, Italy, 2 April, 2019

—) HITEP_RCC-A16

High Temperature design Evaluation Program for RCC-MRx
0 / KAERI

| ][] |

7

Creep-Fatigue Initiation

(@ =
Creep-Fatigue Propagation

) & RCC-MRx 4

e

LBB Assessment

Guide for LBB &
Defect Assessment
[ ] [2015Ed.]

User Manual

oA 3
C i Korea Atomic Energy
/KAERI Research Institute
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3.3 A16 module — Creep-Fatigue Initiation (1/2)

< Input window of C-F Crack Initiation evaluation « Output window

Materal

Creep-Fatique initiation

Material 316L v Geometry
Crack srapa ] Material s16L
Geometry I Geometry Pipe
Crace Geometry)
[ Cycle condition ] Crack Shape Circumferential Through-Wall Defect

Number of cycle(n) | Total Hold Time

Creep-Fatigue Initiation

TemperatureCg 600
i Select 0| 1.0
[0K]|[ Close ] 09
0.8
0.7
Initial screen of creep-fatigue initiation ceomey1 06
Creep-Fatigue Envelope
iy himm) 0.5
ploegree) 2292801 | 0.4+
5 S tocng Conion] 03
Creep-Fatigue Initiation 02 P
s N 066 | .
Mamm) ] i
Materi 316L v [¢yde condition] 00
y N 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Number of cycle{n) 30 || Tetal Hold Time 15000 )|
Geomet Pipe v —
= fAS—— e
persbae) J Calculated Limit value Check
Crack Shape [Select v [OK1([ Close
Select 4
[Circumfenrential Crack] ) Total Usage Fraction 00035 00379 okl [+]
Number of cycle(n) Internal Part Through-Wall Crack - Rectangular Shape
L External Part Through-Wall Crack - Rectangular Shape it - it s

Temperature(iC) Linternal Part Through-Wall Crack - Elliptical Shape

L External Part Through-Wall Crack - Elliptical Shape
[Longitudinal Crack]
L Through-wall Crack
L internal Part Through-Wall Crack - Rectangular Shape
L External Part Through-Wall Crack - Rectangular Shape
Linternal Part Through-Wall Crack - Elliptical Shape
L External Part Through-Wall Crack - Elliptical Shape

[Back]| [ Next]

)
EPERC Conf., INAIL, Italy, 2 April, 2019 %m Korea Atomic Energy

Research Institute
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3.3 A16 module — Creep-Fatigue Propagation

+ Input window % Output window

Creep-Fatigue Propagatio

Material 316L v
Geometry [Pipe v
Crack Shape L Through-Wall Crack v Creep-Fatigue Propagation

2i G tr
[Pipe Geometry] [Crack Geometry]

Material 316L

L+l
s n * ()
Gy = CLAK T+ [ AC ) e
i
[ Geometry |
) [a5.4727 hmm) 32327277 Evaluation Items; Calculated Evaluation Items Calculated
Bidegree) (2292994 ]
L Ecading Conchni ] I Engchg ConditioniMIEyll Final Crack Length(asns) 309.66 Final Crack Angle 13219 [+]

Prnsy(MP3) 5 Prin(MPa) 05

Ny max(N) [5000000 Ny minlN) 500000

Number of Cycles b o
Mz maN-mm) b I Mz min(N-mm) o to wall penetration 22 )
[ Cydle condition ]
Number of cycle(n) [30 ] Total Hold Time 15000 [ 8ack ]| [ Next]
= ack ]| [ Ne
Temperature(C) |s00 ]
[OK]|[Close] -
e
- ~—~= - Korea Atomic Ener:
EPERC Conf., INAIL, Italy, 2 April, 2019 T Y D




3.3 A16 module — Leak Before Break analysis (1/2)

+* Input window < Output window

Leak-Before-Break Assessment x Leak-Before-Break Assessment x

Material [316LN v

Leak-Before-Break Assessment

Pipe Geomet:
[Pipe Geometry] [Crack Geometry]

Material 316LN

20, (detectable leak)
74
b/ \:‘ h
T
2 (laiha')
= 2G, 7 05,
IC, (detectable through-wall defect)
2g=2Cg/a
[ Geometry ] =
2C; (through-wall critical defect)
r{mm) 138.9636 h{mm) 5.4864 |
Bidegree) 120 | a{mm) L | Evaluation ftems Calculated Remark
[ Loading Condition ]
Detectable Crack Length [ 41682 mm [+
P(MPa) [100 | Ny (N) [1000 |
I S Initial Crack Length [& 445 mm [+
Ma(N-mm) lo | i :
Crack Length at Penetration (] 68.202 mm I+
[ Detectable Leak Flow (Min) & Temperature] Detectable Throughwall N
Cq 102 mm [+
— Crack Length
Quinlgpm) 3 | Temp (C) 500 |
[OK]|[Close] [Back 1| [ Next]
= — = 4
: —~ . Korea Atomic Energ
EPERC Conf., INAIL, Italy, 2 April, 2019 o R
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4. Verification of HITEP_RCC-MRXx

1
> HITEP_RCC-DBA module

» HITEP_RCC-PIPE module

!
FHX{

> HITEP_RCC-A16 module "7 ] ..}

EPERC Conf., INAIL, Italy, 2 April, 2019 At Rt




4.1 Verification of HITEP_RCC-DBA

+»Method : Comparison of calculation results (HITEP vs. Direct Calculation with Excel)

+» Material (present verification)

> 316L : Main Vessel, Reservoir (Tank in ST-2%), AHX, FHX, UHX (HXs in ST-2), Exp. Tank (ST-17) 7
» Gr.91 steel : DHX, IHX (STELLA-2)

» Eurofer : IHX (assumed material for IHX)

Direct Calculation with Excel

Ver. 3.0 LR T I B 2 L
) HITEP_RCC-DBA oo : S
/"KAERI High Temperature design Evaluation Program for RCC-MRx 2 STELLA-2 Fac:|||ty

il S [ [ || | Sl ; (KAERI)
{ '

P - Type Damage
L ) —
r Y y MD

S - Type Damage RCC-MRx 4 e
3 % SUBSECTION B

User User RB - 3200
L Manual Material) [2018Ed.] ey

SERUXIRIP Y ; ! & G
EPERC Conf., INAIL, Italy, 2 April, 2049T-2 : STELLA-2, **ST-1: STELLA-1 C Jxnemi Aoscarch msstare > >




4.1 Model Reactor Vessel of STELLA-2 (1/2)

» Material : 316L

2132.18
-373E+08
-7T46E+08
-112E+09
-149E+09
-186E+09
-224E+09
-261E+09
.298E+09

-336E+09

<:ZI Redan corner

ANSYS|
7160

» Comparison of the results *

B3

247 247

247 247

33.6 33.6

91.8 91.8
- 137.7 137.7
309.6 309.6
_ 245.16 245.16
1855198 1856319
2490919 2505228

+ Temp, Hold time, Cycle
Temperature Hold Time Number of Cycle

470°C 30h 500

Creep Damage detailed results

Creep damage 0.0065 0.9996 OK!! [+]
Wy(oy) = t / Tyloy]
T
Agg = Agg = .[E" (o )dt oy(0) = Prax + K:AS"
0
Prmax = 336 MPa K= 05765
AS" = AGT - AP = 22598 MPa
A" = 22598 MPa ap = 0 MPa
200
Stress Relaxation e
0
0(0) = 163.89 MPa 94(30) = 158.86 MPa
Ti(0K(0)/0.9) = 1855198 h 04(30)/09) = 2490919 h

23



4.1 Model Reactor Vessel of STELLA-2 (2/2)

++ Creep — Fatigue Damage

Creep-Fatigue Damage

» Comparison of the results (316L)

H || wmep | Ecel

b 0.0001 0.0001
Creep-atigue Envelope el Damage

. 0.0065 0.0064

orfoo Damage

0.0
0.00.1020304 050607080910 1.1

Calculated Limit value Check

Fatigue damage 00001 03848 oKl [+]

Creep damage 00065 03996 oKl [+]
[Back ]| [ Next]

Evaluation results of creep-fatigue damage S
N ~ - Korea Atomic Energy
EPERC Conf., INAIL, Italy, 2 April, 2019 d titute

AERI Research Ins
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4.2 Verification of HITEP_ RCC-PIPE

+ RCC-MRx RB-3600(DBR) based program
» Verification of HITEP_RCC-Pipe

* Comparison of results (HITEP vs. direct calculation with Excel)

HITEP_RCC-PIPIE Direct calculation with Excel
) HITEP_RCC-Pipe Y ] BE==

- / KAERI

Service A crite Service C erite

[0 | [

High Temperature design Evaluation Program for RCC-MRx “. Load-Controlled Limits

=)

O

P - Type Damage

AN A A A A

comparison

S — Type Damage
S

SUBSECTION B
RB — 3600

[2015Ed.]
S — C

3

User Manual

) i
EPERC Conf., INAIL, Italy, 2 April, 2019 C /xnemi Roscarch imeiture > X




4.2 Hot Leg Piping (1/2)

< Hot leg of IHTS" in STELLA-2 sodium test facility
% Material : 316L

OD/WT Rtemp. Design Design

Material R/D Size, SCH (mm) (°C) Temp.(°C) Pressure (Mpa)

11

1.5 3.5” SCH20S 101.6./4

SS 316L 25 600 (H/L) 0.5
2 4” SCH20S 114.3/4

Node conditions

-Node 1, 5,11 : Built in

-Node 6,7,8,9,10 : R/ID=2

-Node 2, 4 : R/ID=1.5=LR

- Node 1~5 : 3.5” SCH20S

- Node 3~11 : 4” SCH20S

- Node 3 : Tee & Reducer 3.5” to 4”

A
EPER e Y * [HTS : Intermediate Heat Transfer System ;/.:u’.}. Korea Atomic Energy

Research Institute
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4.2 Hot Leg Piping (2/2)

HITEP_RCC-Pipe x

Creep-Fatigue Damage

Material 316L

Creep-Fatigue Damage
11

1.0
0.9
0.8
0.7
0.6
0.5
0.4+
03
0.2
0.1
0.0

Cresp-Fatigue Envelope

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Calculated Limit value Check
Fatigue damage 00021 00084 oKl [+]
Creep damage 02483 09802 oKl [+]

[ Back ] | [ Close ]

Creep-Fatigue Damage evaluation result
EPERC Conf., INAIL, Italy, 2 April, 2019

|| HITEP | Excel

As 0.2354 0.2354

) 13972 13977

e, 0.1339 0.1339
Ag, 0.1014 0.1014
Acs, 0.1234 0.1234
As, 1.5295E-5  1.5295E-5

Stress(MPa)

160

140

120

100

80

60

40

20

[}

—— HITEP_RCC-Pipe
—— Verficiation

o

100 200 300 400 500
Time(h)

Stress relaxation analysis result

|| HmEP [ Excel |

Fatigue 0.0021 0.0021
Damage

S 0.2505 0.2483
Damage

—
~—~ - Korea Atomic Energy
KAERI Research Institute
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4.3 Verification of HITEP_RCC-A16

s RCC-MRx A16 based program

» Verification of HITEP_RCC-A16
» Comparison of results (HITEP vs. direct calculation with Excel)

HITEP_RCC-A16

—) HITEP_RCC-A16

Creep-Fatigue Initiation ]

Ver. 2.0

(/ High Temperature design Evaluation Program for RCC-MRx
KAERI

I [— | || []] | [

Guide for LBB &
Defect Assessment
2015Ed.]

User Manual

[ Creep-Fatigue Propagation ]
[ LBB Assessment ]

EPERC Conf., INAIL, Italy, 2 April, 2019

=

comparison

Direct calculati

on with excel

S

— S e

Load-Controlled Limits

rvice A criter

Service C criteri

P - s - N 1355, 0
77 ©
55, 55,
% 9699478337 ] 14193
T
= L = 1
TaoA TaoA
< < >
T
12197E-05 = L =
[WA( 35(P 5+ Pb)) [
0.008000585 < L il
Tnelastic-Strain Limits
T [ [ om o | e
o | 03 | usewsos | e | e |
PIm) TE] s i)
— [imesssm | o |
=
Base1s
=S il
<
E
| Vid Creep bamage | el Proparty | Riaiketabs | KeLiable | Wotabe | N | Scume | Siums
C ¥ s
s Korea Atomic Energy
KAERI Research Institute
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4.3 Creep-Fatigue Initiation (1/2)

+ Assessment of Creep-Fatigue Crack Initiation with HITEP_RCC-A16

= Verification Ex. : Pipe with through-wall crack

= Verifications : Calculations from A16 module & direct calculations

= Specifications

Material
r; (mm)
h (mm)
B (mm)
Ny (N)
M, (N-mm)
P (MPa)
Temperature (°C)
Number of cycle

Total hold time (h)

EPERC Conf., INAIL, Italy, 2 April, 2019

316 L
145.4727
32.3272

22.93
50,000
0
5)

600

30

15,000

ri(mm)

Bidegree)

P(MPa)

Ma(N-mm)

Number of cyclefn)

Temperature('C)

[Pipe Geometry]

[ Geometry |
[145.4727 | himm)
2292992 |

[ Loading Condition ]
[E—

om—

NN

[ Cycle condition ]

[30 ]
[600

[OK]| [ Close]

Total Hold Time

[Crack Geometry]

323272727

50000

15000

Creep-Fatigue Initiation x
Material (316L 7|
Geometry Pipe v
Crack Shape L Through-Wall Crack

ric Energy

/|stitute

29



4.3 Creep-Fatigue Initiation (2/2)
# Output window i

10 —J e B’ilinear L‘imit ’

m HITEP_RCC-A16
A Excel

Creep-Fatigue initiation

Material 316l 0.8
Geometry Pipe \
Crack Shape Circumferential Through-Wall Defect 06

Creep-Fatigue Initiation

1.1
1.0
0.9
0.8
0.7 4

N

02 ®

Creep rupture usage for initiation

~

0.6 T
Creep-Fatigue Envelope !

g'j | 0.0 02 04 06 08 1.0 o

0.3 Fatigue usage for initiation
0.2

0.1
0.0

Assessment results on C-F crack initiation

Evaluati HITEP
Items

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Calculated Limit value Check
Total Usage Fraction 0.0095 00379 oKl [+] tal Usage 0.0095 0.0095
Frac
Rupture Usage Fraction 02209 09115 oKl [+] Ru pture Usage
" 0.2299 0.2299
Fraction
[Back ]| [ Next]
EPERC Conf., INAIL, Italy,  ——— / RAERD Rocearchiasitore o
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4.3 Creep-Fatigue Propagation (1/2)

+» Assessment of Creep-Fatigue Crack Propagation with HITEP_RCC-A16
= Verification Ex. : pipe with through-wall crack

= Verifications : Calculations from A16 module & direct calculations

= Specifications

Material 316L v |
- Specifications & Loading Conditions pr— P ]
o Crack Shape | L Through-Wall Crack »
Pipe with Material 316 L e— )
[Crack Geometry]
Sl r; (mm) 145.4727
circular
h (mm) 32.3272
penetrated
crack B (mm) 22.93
N; (N) 5,000,000 / 500,000
[ Geometry ]
M N_mm o r{mm} [145.4727 | 32.327272;
a ) Bidegree) [22.92954 |
Loading P (MPa) 5/05 [ Loading Condition(Max) ] [ Loading Condition(Min) ]
Pemax(MPa) S Ppin(MPa) 0.5
conditions Temperature (OC) 600 Ny maeN) [5000000 | Nymin(N) 500000
Mz ma(N-mm) 0 M3 min(N-mm) [
Number of cycle 30 { Cycle condition ]
Total hold time (h) 15,000 Number of cycle(n) ?0 Total Hold Time 15000
Temperature(:C) 600

EPERC Conf., INAIL, Italy, 2 April, 2019 [OK1| [ Close] |AtomicEneOR
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4.3 Creep-Fatigue Propagation (2/2)

s Assessment results on C-F crack propagation

Creep-Fatigue Propagation x

Evaluation
HITEP
Items Creep-Fatigue Propagation

Final Crack 309.66 309.66 ,
Length Material 3161
Final Crack Angle 132.19 132.19

L+l ”
S n aq
G = CUBK )T+ [ A(C )
Number of Cycles =
- 22 22
to wall penetration
Evaluation Items; Calculated Evaluation Items Calculated
Final Crack Length(aga) 309.66 Final Crack Angle 13219 [+]
Number of Cycles
to wall penetration 2
[Back ]| [ Next]
<) _
EPERC Conf., INAIL, Italy, 2 April, 2019 %ﬁ R
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4.3 Leak Before Break analysis (1/2)

< Input data
Material [316LN v
Input data HITEP_RCC-A16 I

[Crack Geometry]

r, (mm) 38.9636 ; : _
(mm) 5.4864 ) ¢ N .
Geometr | rm) = |/ cmnap BT
y B (degree) 20 7 LN .
a (mm 1
P ( MPa) 100 -
Loading N, (N 1000 [ Geometry ]
N mm 0 r(mm) 38.9636 | h(mm) 5.4864 |
Bidegree) 20 a(mm) 1
mln (gpm 3 [ Loading Condition ]
Temp (°C) 500 P(MPa) [100 | NyN) [feoo |
Ma(N-mm) [
[ Detectable Leak Flow (Min) & Temperature]
Qmin(gpm) 3 Temp (°C) 500
[OK]|[Close]
EPERC Conf., INAIL, Italy, 2 April, 2019 %} N Ao s 33




4.3 Leak Before Break analysis (2/2)

s Comparison of assessment results on crack lengths

Evaluation Items HITEP_RCC-A16 m
Crack length at penetration 7.8270 mm 7.8270 mm
Detectable through-wall crack length 38.052 mm 38.052 mm

[Pipe Geometry]

[Crack Geometry]

EPERC Conf., INAIL, Italy, 2 April, 2019

)
= . Korea Atomic Energy
KAERI Research Institute
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4.4 User Material (e.g. ARAA) option in HITEP (1/2)

+» User materials

= User can use a new material not registered in A3. |

= Excel file should be uploaded as shown below.

Ver. 3.0
) HITEP_RCC-DBA
/ /KAE'“ High Temperature design Evaluation Program for RCC-MRx
[ | [ N I [
@ N
P - Type Damage
\. -
f ~
S — Type Damage
- + SUBSECTION B
User User RB - 3200
Manual ] [Material W
~ v A
(F KAERI
punmery

EPERC Conf., INAIL, Italy, 2 April, 2019

C10 £
A 8 € D 3 3 G H 1 J K
1| Young's modulus
2| [Temp CC)[ E(MPa)
3 12
G E Young's moudius ( MPa)
5
6 10
7
8
9 08
10|
u

e \ et |

| Upload Material | | Delete Material
G\'\Gv\ [Fomm [ Down ]| Clse]

Loading of new material properties
Material 316L v
Overload (33]r 69 I_](N)
temp (°Q) gégt
Hold Time (h) il

- )
User material 7. Korea Atomic Energy
e — KAERI Research Institute
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4.4 User Material (e.g. ARAA) option in HITEP (2/2)

¢ Eurofer (IHX) (Evaluation results as per RCC-MRx 2018Ed.)

Evaluation Items HITEP m

P-Type
Damage

S-Type
Damage

Creep-
Fatigue
Damage

P..(MPa)
P, *+ P, (MPa)
Ua(Pr)

Up(P,, + ®P)
W,(1.35P,)
W,[1.35(P,, + ®P,)]
P, (MPa)

P, (MPa)

(P + Py) + q(3.°) (MPa)
Eplastic * Ecreep (1-25Py)

Eplastic + Ecreep (125P3)

Fatigue Damage

Creep Damage

EPERC Conf., INAIL, Italy, 2 April, 2019

9.9749
12.905
2.3356E-10
2.0458E-9
3.3429E-11
3.2145E-10
34.887
39.683
134.92
0.0006 %
0.0013 %

0.0001

0.0033

9.9749
12.905
2.3356E-10
2.0458E-9
3.3429E-11
3.2145E-10
34.887
39.683
134.92
0.0006 %
0.0013 %

0.0001

0.0033

Creep-Fatigue Damage

1.0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Creep-Fatigue damage evaluation result

&)

P Korea Atomic Energy
" /KAERI Research Institute
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= ‘HITEP’ Platform

*» HITEP platform for comprehensive ETD* evaluations.

= RCC-MRx : HITEP_RCC-MRx

= ASME Section lll Div.5 sub HB : HITEP_ASME-HB (Draft developed)

") HITEP Platform

) High Temperature design Evaluation Program
( KAERI

i
H

*ETD : Elevated Temperature Design

—) HITEP_RCC-MRx

KAERI

Ver. 3.0

High Temperature design Evaluation Program for RCC-MRx

‘ DBA [RB - BZUUIJ ‘ Pipe (RB - 3600]J

RCC-MRx RB ASME Il Div.5 HB

click

click ‘
(-\/A HITEP_ASME-HB Ver. 1.0

7
Web-based Design Compatibility Assessment Program for HTR

/KAERI
TP‘{“ ~ 1 I | [ N S | E—)

Load-Controlled Limits

Inelastic Strain Limits

J

—

< xaeni

HITEP_RCC-MRx HITEP_ASME-HB

EPERC Conf., INAIL, Italy, 2 April, 2019

ASME [l Div.5 HB

User Manual

Creep-Fatigue Damage

X F ~= . Korea Atomic Energy
< KAERI Research Institute

KAERI
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5. Summary

<+ Web-based program of HITEP_RCC-MRx (Ver. 3.0) for design evaluation & defect
assessment as per RCC-MRx has been developed. (2018Ed.)
= HITEP_RCC-DBA (Design-By-Analysis : Pressure boundary components)
= HITEP_RCC-Pipe (pipe design)
= HITEP_RCC-A16 (defect assessment)

> Eurofer Material Properties incorporated in Ver. 3.0

> ‘User Material’ option added, new material (e.g. ARAA) can be used for design
evaluations (sensitivity analysis before Codification of the new material).

> HITEP program can be used for reliable & efficient design evaluations and defect
assessments as per RCC-MRx. (verifications were conducted.)

Korea Atomic Energy
ch Institute

EPERC Conf., INAIL, Italy, 2 April, 2019 < /KAERI  Resear

38



EPERC Conf., IN

THANK YOU

Hyeong-Yeon Lee (KAERI)
hylee@kaeri.re.kr
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