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< 새울 3&4 > < 혁신형 SMR(안) >
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모듈지역 단면형상



SMR
- 7 -

EL. 7.0m 지역
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지진해석 모델 (1)SMR
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지진해석 모델 (2)SMR
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Refueling Canal

• Housner GW. Dynamic pressures on accelerated fluid containers. Bull Seism Soc 
Am 1957;47:15–35.
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내진설계 변수 (1)SMR
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내진설계변수 (2)IV
- 12 -

Structure Nodes

Building Structure

Lengthless Rigid Spring

Free-field

Structure Nodes

Backfill Elements

내진해석 변수
OBE 

(감쇠 4%, 비균열)
SSE*

(감쇠 7%, 균열)
비고

입력지진파 7 7

부지조건 4 4
NuScale

Type1 반영

접촉상실 2 2

구조물 (RPB, CB) 2 2

해석 개수 112 112

경사파 고려
(0°, 17°, 30° )

2
Soil Type-

3(Vs = 5000 
ft/s)

총 해석 개수 226

* SC 구조 : 6%



지진해석 방법론 (1)V
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• 직접법은구조물의굴착범위에종속되지않으며,구조물과지반을하나의이산시스템에서미지수계산.

• 직접법의 강성행렬은 근역(구조물-지반)의 유한요소와 원역 지반의 인공경계(동적 무한요소, 전달경계요소, 흡수경계 등)가

직접결합하여,띠행렬형태의희소행렬로구성.고속처리대수기법적용가능.

• 관련해석프로그램

→ KIESSI-3D for the Frequency Domain Analysis (NQA-1 SQA in Progress)

→ ANSYS APDL for the Transient Analysis in Time Domain qualified by NQA-1 SQA

1

X
Y
Z

i-SMR 원자로보호건물의 직접법 해석 모델 (진동수 영역) 소내 비상대응거점의 직접법 해석 모델 (시간 영역)



지진해석 방법론 (2)V
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• Soil-Structure Interaction Analysis Tool developed by Korean researchers under KINS sponsorship (1993)

• KIESSI program utilizes finite elements (FE) for modeling structure & near-field soil medium, and dynamic infinite

elements (IE) for horizontally layered half-space.

• General Static/Dynamic problems in time & frequency domains

• General SSI problem in frequency domain

< 검증보고서 > < 사용자설명서 > < 이론설명서 >

* ASME NQA-1 2008, 2009a 기반 소프트웨어품질보증(SQA) 절차 도입 및 적용중 (KESCOM: KNF iCODE 차용) 



지진해석 방법론V
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SSI 해석모델(Soil Type 4) 근역지반 해석모델(Soil Type 4) SFG (backfill)



해석결과V
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해석결과V

< 고정기초해석 > < SSI해석 >

기초상부
(GL -22.0m)
결합층

(GL -0.3m)
운전층

(GL 13.7m)
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해석결과V
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< 고정기초해석 > < SSI해석 >

기초상부
(GL -23.75m)
통합제어실
(GL -0.3m)
층슬래브

(GL 13.7m)



해석결과V

< SMART100 SSI 해석 > < i-SMR SSI해석 >

기초상부i-SMR 결합층i-SMR 운전층
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SFR

구분 H-SFR PGSFR

원자로 유형 •발전용 SFR 소각용 SFR

연료 종류 • 고농축우라늄 (HALEU)

핵연료 교체주기 • 장주기 20년 18개월

출력 • 200 MWe (예정) -열저장설비로최대출력 300 Mwe가능 150MWe

설계수명 • 60년 좌동

가동율 • 90%이상 75 %이상

설계 단순화

• 피동안전계통과 기능적 원자로건물로설계단순화

• 능동안전계통과관련지원계통을제거 (예정) 피동+능동

• FunctionalContainment설계 (예정) 일반Containment

안전성 목표

• 노심손상빈도(CDF)≤ 1.0E-9/RY (예정)
• 방사선비상계획구역(EPZ)≤부지경계 (예정)

1.0E-6/RY

• 풀형 원자로로 대형 냉각재상실사고 배제
• 피동안전계통설계로사고시자연순환과소듐열특성을활용하여원자로냉각유지

좌동
피동안전계통

• 내진 및 면진설계, SSE 0.3g
• 항공기충돌사고 고려한 설계

좌동

경제성 목표

건설단가≤ (later) $/kWe ,발전단가≤ (later) $/MWh

• 설계 단순화로 SSC 대폭 감소
• 장주기 운전(20년), 건설공기 단축, 가동율 90%이상 경제성 향상

좌동

• 운전및운영인력최소화
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➢ Seismic Isolated APR1400 (2011~2016)
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➢ Emergency Response Base Building at 5-NPP sites (2020 ~ )
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➢ PGSFR (2016 ~ 2022)

• Fuel Waste Reactor

• Seismic Isolated Reinforced Concrete Structure
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➢ Background

• Seismic Demand: SSE 0.3g, OBE 0.1g

• Nuclear containment shell & NSSS should be maintained against seismic loads greater than 0.2g

➢ Bearing type 

• LRB (Lead Rubber Bearing) – 300ea
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➢ Structural Information 

• Total Weight : 300,500 tonf

• Maximum Dimension : 121m  81m  74m (BDH)

• NI : RCB + AB + FB

• Base Isolation System

➢ Model Information 

• Used Program : ANSYS APDL 15.07

• Total Number of Nodes : 102,026

• Total Number of Elements : 197,025

• Used Elements : Solid185 & Shell181

• Non-linear Link : Combin40
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➢ Direct Method (DM) using Conventional Package
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170717_SFR_GA_Last--Transient (G3)                                              

AUG  3 2017
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170717_SFR_GA_Last--Transient (G3)                                              

AUG  3 2017

10:33:35

ELEMENTS

➢ SSI Model Information

• Structure located on Ground Surface

• Total Number of Nodes : 330,000

• Total Number of Elements : 400,000

• Shear Wave Velocity : 2400 m/s (8000 ft/s, Hard Rock Site )

• Real Site Profile : NOT defined
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➢ Interested Points

Base Mat (-9.0 m)

Reactor Assemble (+7.3m)

Operating Floor (+19.0m)
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➢ Widened Floor Response Spectra (2%, 3%, 4%, 5%, 7%, 10% and 15%)

EW-Dir. NS-Dir. VT-Dir.
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