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“* Design feature of PWR and SFR

__PWR |
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reactor reactor
Y
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“* RCC-MRXx overall procedures

Thermal Analyses

Metal Temperature

T > 425°C for 304, 304L
> 375°C for Gr.91, Gr.22

RCC-M RCC-MRx

T > 450°C for 316L(N), 316L

/\.

Materials

* 304

» 304L

* 316L

» 316L(N)

* 2.25Cr-1Mo

* Mod.9Cr-1Mo
* Alloy 800

Limits on Load-Controlled Stresses Limits on Deformation Controlled Quantities

(Time Dependent/Independent) Aﬂ\‘

Inelastfc Strain

Creep-Fatigue

Buckling

Fast F}acture

l

Limits on Load- v /,x--" _
Controlled Stresses Fatigue ( Plastic
(Time Independent) \Q[?EE) s
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* e * High temperature condition on SFR test facilit
STELLA-2* IHTS™* Hot leg 'gh temperat ! y
** Intermediate Heat Transfer System

DBR (Design-By-Rule) I DBA (Design-By-Analysis) I

_____________________________________________________________________________________________

ASME RCC-MRx RCC-MRx RCC-MRx
B31.1 RD-3600 RB-3600 RB-3200

Evaluation and Comparison of conservatism I
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s STELLA-2* General Arrangement

*GEN IV PGSFR Ql5|7} £+ H]H HZ 2 EAIE AlM
** Intermediate Heat Transfer System
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Suction leg

Reservoir

UHX

<IHTS** piping for evaluation>



Analysis model

“* STELLA-2 IHTS Hot leg
- Design pressure/temperature : 0.5 MPa / 600 °C

- Operating pressure/temperature : 0.1 MPa / 550 °C

Pamb !

23
24

<Mesh on elbow>

10 A
343536 283%0 o
13

<Mesh on Tee>

! 20!\
{\ \1 ~~~~~ v 0.000 2.000 4.000 (m)
. I 2 .00
o 1.000 3.000
<1D Pipe element model> <3D solid element model>
1D Pipe element model 3D solid element model
<Iso-drawing of IHTS hot leg> - Type of elements : Pip16, Pipel8 - Type of elements : HEX8(Solid 185)

- Number of elements : 957,960

- Number of nodes : 1,276,020
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Boundary conditions

++ Mechanical load conditions

150h
- Inner pressure : 0.1 MPa (Oper. pressure) 55°°°I
- Dead weight and live weight(sodium) considered. & ‘éa
$ 2
< Thermal load conditions 200°¢ 9
. 35hr
- Inner face of pipe : convection X
H: 10000 W/m2K, Bulk temperature : 550 °C time (1)
- Outer face of pipe : convection
H: 2.5 W/m?K, Bulk temperature : 20 °C
H:10000 W/m?2K, H: 2.5 W/m2K,
Bulk temp.: 550 °C Bulk temp.: 20 °C

»
>

»

¢ Design cycle and hold time
- Hold time : 150 hr/cycle

- Design number of cycle : 500 (25 x 20 yr)

<Boundary conditions for thermal analysis>
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DBR evaluation results : B31.1 and RD-3600

- Mechanical loads(Unit : MPa)

ASME RCC-MRx
Node Type B31.1 RD-3600
Value Limit Ratio Value Limit Ratio
Max 1 Butt weld 427 57.7 0.74 40.7 74.0 0.55
0.75iM, P M 40 Elbowl* 134 57.7 0.23 134 74.0 0.18
— +t————=1.05; : . 46 Elbow2** 8.9 57.7 0.15 8.9 74.0 0.12
49 Teel 13.6 57.7 0.24 11.5 74.0 0.16
55 Reducerl 6.6 57.7 0.11 6.6 74.0 0.09

- Thermal loads(Unit : MPa)

ASME RCC-MRx
G Node Type B31.1 Rlil)_l—ri?t()o
: ML R . . .
M = j SR . ] Value Limit Ratio Value Ratio
5, = iM¢ < Sut f(Sh—S) SE=i— < f[1.258; 4 0.2558;] (SE)

4 20 Butt weld 113.8 194.5 0.58 107.8 177.3 0.61
Max 30 Elbow1* 1394 206.5 0.68 1394 177.3 0.79
42 Elbow2** 71.1 208.9 0.34 71.1 177.3 0.40
49 Teel 1194 202.4 0.59 94.8 177.3 0.54
= Sa+ [T1.255¢ 1 0.255,,] 55 Reducerl | 332 | 2094 | 016 | 332 | 1773 | 019

* Elbowl: R/D=2, **Elbow2: R/D=1.5
- Conservatism under mechanical loads : B31.1 > RD3600***

- Conservatism under thermal expansions : B31.1 < RD3600***
- Design evaluations are within allowable limits under all loads

*** S.K. Son et al, Design and Integrity Evaluation of High-temperature Piping Systems in the STELLA-2 Sodium Test Facility, 2016, KSME vol.40 No.9 pp.775-782
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DBA Analysis results

«* Mechanical loads «* Thermal loads
- Butt weld(Pipe end) - Elbow

Stress Intensity, MPa Stress Intensity, MPa

M 32.267 Max 171.71 Max
28.713 ] 153.05
| 25150 | 13438
| 21605 | 11572
18.052 97.062
14 408 750
— 10944 || 5o 74
7.3002 Outside 41.079
3.8364 22417
0.28267 Min 3.7561 Min
Inside Inside
Outside
z z
y » y -
X <S.I profile under mechanical loads> X <S.I profile under thermal loads>
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DBA evaluation results : RB-3200

RCC-DBA_RB-3200

Material SS 316L

Service Level Level A

Max. Temp 550 °C

Total hold Time (150 grs)?%%g rcycle)
Hold Temperature 550 °C
Evaluation Items el (Rl A Ratio Remark
(MPa) (MPa)
Pm < Sm 26.643 77 0.35 oKMn
P. <1.5S, 26.643 115.5 0.23 OK!!
[ P +Py<155; 32.736 115.5 0.28 OK!
(foaa-Conirolled U(QP) 5.0374E-8 1 0.00 oK1
Limits Creep usage

U(Pm+Pyp) 6.0617E-7 1 0.00 oKMn
Creep rupture | W(1.35Px) 7.4762E-5 1 0.00 OK!!
usage W[1.35(Pn+®Py)] |  0.0002 1 0.00 OK!!
P1*<13Sy 67.042 100.1 0.67 OK!!
Inelastic Strain | |_ _ P7#*<13x15Sn_ ) 74.313 150.15 0.49 OK!!
Limits Eplastic + Ecreep (1.25 P1) < 1 % 0.1695 1 0.17 OK!
Eplastic T Ecreep (1.25 P3) <2 % 0.2522 2 0.13 oKMn
Creep-Fatigue Fatigue Damage 4.1866E-5 See - oK!
Damage Creep Damage 0.1939 diagram - OK!!

* The effective primary membrane stress intensity

** The effective primary stress intensity of the sum of primary stresses
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Creep-Fatigue Damage

0.00102030405060.7 028091011

<Creep-fatigue damage diagram>
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Evaluation summary

Item DBR DBA
Location Butt weld Butt weld
Mechanical (Pipe end) (Pipe end)
loads
Ratio 0.74 (B31.1) / 0.55 (RD-3600) 0.28
Location Elbow Elbow
Thermal
Loads Ratio 0.68 (B31.1) / 0.79 (RD-3600) 0.49
: n/a
Fatigue damage (B31.1 & RD-3600) 4.1866E-5
Damage .
n/a
Creep damage (B31.1 & RD-3600) 0.1939

- 7AYot & oo tiet =AM -d B7HA[, DBRO| DBAEL} E+H 2 = FHItE.

- B31.1 8! RD-36002 27X 3l*= 1845} X| 2 S X|A|ZH(hold time)2 M A|SHX| oa 2
creep fatlgue interaction®| ¥ak2 0| M7}t

* ASME B31.1 2/ RCC-MRx RD-3600.2 f( & N2/ BH2 X 0] O3+ L&/ 9/ ZfA A=) Bf FH L
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el { o H = B31.10| RD-3600 L C} & 4%
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—
Olof CHet Brid =2 Ble JH .

l

ASME B31.1 2! RCC-MRx RD36002 2X %42 HIYsl= 2Al0| 9 X|DF S X|A|Zt
(hold time)2 11245} X| &0} creep-fatigue interactionS &

o1X RB36002 RB32001} = &ot ®H7takE(creep-fatigue interaction 1129)= 7tX| 22
O| & 2t RCC-MRx2| DBR vs DBAO]| Chiot Hd2| HlW 245 &l SO US
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