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EVALUATION OF STRUCTURAL INFLUENCE INDUCED BY
SLOPE COLLAPSE
- APPLICATION TO FAULT DISPLACEMENT ANALYTICAL CONSIDERATION -
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30 January, 2014
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B EMICLSIEBE - BEMDIRGERRADABRTDEZS

E?E’I%
(E-H- U‘d’ﬁ)

9\1/ NN \!/\‘I'/\J/E|
TS FEA -
| FRBEIEEEBLIS

\
%
4

Lel Lal

| ] | 'o 1 Tf Iy \ 3
_ l40 -30 -20 -10 0 10 20 30 ‘ 40 ‘50‘ éU | 70 80 90 ] :
HERLORS
W E 3

e HIEETHR LT, REETEMER

O BR AU b RRT RURRE |

L s BB L TORKEMEMRETE !
° ; = EEAAE

|

------------------------ -BREICKSMETMEHETE
""""" T _A

L -HBERECELEEETRYEREE | L LETHR f?__ —




Purpose of the Special Session 1

Recent research projects in Japan, analytical method considering the dynamic
behaviour from non-linear response to collapse such as the particle method was
applied to evaluate the slope collapse obtained by the shaking table tests, and
could results into good agreement with the experimental data. That is one of
enhancement of the review guideline on ground and slope stability evaluation.

On the other hand, there are some events that surface deformation induced by
fault rupture has destroyed buildings, bridges, and roads. Besides, it is worrying
possibility of existence of fault which may induce surface deformation around
nuclear installation.

The analytical methods shall be verified based on the sufficient bench mark
test before simulating fault rupture. After that, the influence of surface
deformation caused by fault displacement on structure of building and
equipment in nuclear installation site can be evaluated.

This Special Session 1 program will discuss the current evaluation
technologies for ground and slopes around nuclear installation sites, and will
provide an outline of one of new activities in the framework of ISSC EBP phase 2.




Program of the Special Session 1

Time Subject Speaker
Plenary Session
09:00- _ .
09:10 1. Opening Remarks Hibino (IAEA)
09:10- [ 2. Outline of the Special Session: Background and Objective of the | Nakamura (Nihon
09:30 Special Session 1 Univ./Japan)
. K t h: | Descripti f Seismic St
09-30- 3 eyr_lo e Sp(_aec General Description of Seismic S ro_ng Ground Irikura (Leader of
Motion which Causes Slope Collapse or Fault Displacement
10:10 ) ISSC-EBP WA1)
Forwarding to Ground Surface

10:10-10:30 Coffee Break

Technical Session 1: Effect of Ground Deformation such as Slope and Ground Failure on NPP and its

Evaluation Chair: Nakamura (Nihon Univ./Japan) & Romeo (Univ. of Urbino/lraly)

10:30- | 1.Development of Evaluation Method of Rock and Soil Behaviour Nakamura (Nihon

12:00 Induced by Slope Failure on the Facilities in NPP based on Shaking | Univ./Japan) and
Table in INES Research Project Mori (JNES/Japan)

2.Analytical Evaluation of Rock and Soil Behaviour Induced by Slope | Shinoda
Failure and Verification in Comparison with the Examination Data | (JRTRI/Japan)

3.Ground Failures Affecting the Stability of Structures Including Romeo (Univ. of
Landslides Triggering Water Run-up Urbino/ltaly)
4.Regulatory Perspective on Liquefaction Assessment Weaver (USNRC)

12:00-13:30 Lunch Break




Technical Session 2: Effect of Ground Deformation such as Fault Displacement on NPP and its
Evaluation Chair: Petersen (USGS/USA) & Weaver (USNRC/USA)

1. New approaches in addressing fault displacement hazard at
nuclear power plant sites

Gurpinar (PC/Turkey)

2.Fault Displacement Assessment Methods for Nuclear Power Plant | Suzuki (JANSI/Japan)

3. Analytical Evaluation of Ground Deformation due to Fault
Displacement and Verification in Comparison with the
Examination Data

4. Establishment of Evaluation Formula for Probabilistic Fault
Displacement Hazard Analysis in Japan

5. United States Engineering Treatment for Assessing Tectonic
Surface Fault Rupture and Deformation

6. Differential Interferometric SAR as Potential Monitoring Tool for | Stramondo
Surface Deformation at NPP Sites (INGV/ltaly)

Johansson
(NGI/Norway)

Takao (JSCE/Japan)

Petersen (USGS/USA)




Time Subject

Speaker

Panel Discussion Chair: Nakamura (Nihon Univ./Japan) & Gurpinar (PC/Turkey) as the rapporteur

15:50- | Key issues:

16:50 [ 1. Influence of Slope Collapse or Fault Displacement on Facility

Structure in Nuclear Facilities
2. Awareness of Displacement Hazards Caused by Fault
Rupture and Slope Collapse.

Methods for Slope Stability Evaluation

4. Application of Particle Methods to Fault Displacement
Evaluation

5. Necessary Bench Mark Test for the Analytical Method
Application

6. Next Stage of the ISSC-EBP Phase 2

16:50-17:10 Coffee Break

17:10-17:30 Resolution Gurpinar (PC/Turkey)

3. Significant Shaking Table Test and Applicability of Particle

Irikura (Leader of ISSC-
EBP WAL1)

Shinoda (JRTRI/Japan)
Romeo (Univ. of
Urbino/ltaly)

Weaver (USNRC/USA)
Suzuki (JANSI/Japan)
Johansson (NGI/Norway)
Takao (JSCE/Japan)
Petersen (USGS/USA)
Stramondo (INGV/Italy)

17:30-17:40 Closing remarks

Hibino (IAEA)




Development of Evaluation Method of Rock and Soll

Behaviour Induced by Slope Failure on the Facilities in NPP
based on Shaking Table in INES Research Project

Large Scale Shaking Table Test Equipment
(50m height real slope modeled by centrifugal force test)

3 layers soil model 1 layer soil model

surface layer

soft Iayer 2 : d ':.f .

Bha WG L5l
.........

CASE?22 FRNEE HEOREMRTMEICEITH CASE?]

A5 R B T DR A (GUER)

2 Slopes Model: 4.5m wide, 3.8m height, 2.5m depth

[H#]S. Nakamura and Mori: 1.Development of Evaluation Method of Rock and Soil Behaviour Induced by Slope
Failure on the Facilities in NPP based on Shaking Table in INES Research Project, IAEA Plenary Meeting
of the ISSC’s Program, Special Session 1, 2014.



Verification of Computing Analytical Methods In
Comparison with Experimental Data

The computer simulation codes based on Discrete Element
Method and Particle Method were verified in comparison with
experimental data, and the codes will be applied for analytical
considerations of slope failure.

o | EER A

0.8

0.6

0.4

Simulation of Large Scale Shaking Table Test Right side)

1.0
N zrER A

Ty '\‘ g
Simulation of Large Scale Shaking Table Test (Left side)
[H#]S. Nakamura and Mori: 1.Development of Evaluation Method of Rock and Soil Behaviour Induced by Slope

Failure on the Facilities in NPP based on Shaking Table in JINES Research Project, IAEA Plenary Meeting
of the ISSC’s Program, Special Session 1, 2014.



LY1)yas, 3 (RSL)
B RSL (1)

- EFEOMEE, RFHYAS FOBRKIECLRBEARARLRED & 5 BEEZELL
PIETERNT—FOEE¥ERL TS,

- NG (FHMEBEI/NS A —F2 LHRICFEMINSIDELRH S,

- ChoZ2HONT—FREODA A 7z —ANEYICEREhSEN
BEETHD,

- BFHARZE., SABO NS TOBENNTF—FREESQS 1
ENH S,

Bl RSL (2)
- B EAESOH-hBEROEMD =-HDFE T HIERTAERA S L
BHERH D,
- B{ERTIEVGREBRT—2 TRYUMNFTEMEIhIRETH S,
- BERTOERECEANAEICINEZIRETTHS,
- INESIC K BERT— 2 R—R[E, ZHMEFEICRILOME LI,




Ly)aoay (&)

B RSL (3)
- AEREDE-HOBHAEIE, NESOREREBSHERGER CHHAIS
N-ERVEBERS —BIILENH D,
- EUBFDARVFI—IDEHDEYZLDT—ENDETHS

Bl RSL (4)

- [SSC-EBPOX R T— P TlE, HEBIECHERIED & 5 G E ITFK
WIRICRT A LWV — O T PERILIRETHS,

- (R EGI/ N\ — FIX, B/ N\F— FEHICRFEDONEIRETH S,

- ChoDI) 7ERCENIERINEOIRZTTH S,

7= T T TlIE, BRFEOZRLUMZFHET 51, RVF
VY= TRAMEBEINLIDENSH S,

- HhERRRIRICREE L - ERREF MBI XENMER SN 5 DENH S,

- INESH E FRIREAER (X £ T D hNEE E D i AR R iR BTl (Z & (T3 D,




Lyyamoiay ()

H RSL (5)
- BULGETIVEROERET SEH, T—2RENE1XTYTTHS,
- WBEMD KL S BEMRTMDI-HICIE, BEL-HMEFE, MBI,
MWEFOT—ANRETHY ., HMEFIHEHNSDERICMHENH S,
- BERME., BRABOANMBESZERAT 5.
- LA LGNS, EOHMBHIED NF—FIE, BEE THET S,
- HERECERRIED & S GEHEEL & MBREFEO) Y IABTESHh
BRETHS,
- HEAREFKOBRGHBREBRLBRSNDIRETH D,

Bl RSL (6)

- hERERIEA S & C BB T/ \— RIZEVGRE T, U4 MMEE
[CREETIZ. BRICREEESSCsD-OIZFMIhIRETH B,
- §HfilE. RFHBHROREEESSCsOEBEGICHET I ML Ll
TR ETFEMNT—FZNA 54 FT5EOICBRELRRLETL
HRIEEZALARANTHEHEEhBZIRETHS,




V. %F%h@ﬁﬁ%A@% Jﬁ%&ﬁ%&

lﬁﬁ—&ﬁ%&ﬁ%ﬁﬁﬁ%ﬁ%ﬁwéxﬁﬁ

(1) BRSO E#MEEL EHEL., BERNAOHIERRZRSE
L. EfRMNEBMERZITS

(2) BEBAEFZSE (MEZF - MEFFEFLIK-E
.- RFHEITSR) Tl Aiﬁ%ﬂﬁﬁ
ﬁ(ﬁ%%&-ux7:~1_7—93>-%?7%)
DEMBLERL., AEEERERS

3) EERERICETIE, FHEESLEZERET S EHE(C, EH
ﬁ SREAMEHERT S

4 T2 b EE (GLHh - BEF - ) ROl - B - &ix -
BEIF) ICBITH2BEZHS

5) BBEMD/N\NTF—FEIEEE - O RXTL - #5 (SSC)
DIEEAEDEEEZRD




BEXASHICEI(EDA

(1) AR —F<y 7 (BfffRE. BRiT#SE. E5HR) %
BeLLtT, IT=BEZHTL., FHHBZEEL.
BT EEZIERT 5,

(2) ERDOEHEEFES L EHET LI, TRESRERFHLERK
ZEESENREFFR LN D,

= WMEIFELNDES (H26.8. 26)

Q) REEEDHEICTHY/NMNERESZREL. BRNEEIZE

MIZBHIRT S,
= T RELH26EFDKE (H26.9.12) THEBE1TS
(4) ERATOEBZHFA. EREESZEEZMICEHEBL, E
RN ER S,
= RFHETKREFEELSTH TAEA/ISSCH T A —1 >
S —RiEEE] (H26.10.28, T K24&EE)
(5) (1) DBifirE#E% IAEA/ISSCH TR E/ERIZFERT 3,




E RS OFEBDESE

CE3iES

- T RES

- BRARFHES

- WEBEIFES

- (BXEBESHE)

- (K2) =23

O _: ChhbEZHTHHEE

HEXRR
- RFHREHERS
- ENPRBRM

W [(E 14 A8
- EREEFHH#EE (1AEA) /
E =i ERLtys- (1SSC) /
R0 #LHH £ = % (EBP)
- (BFin HEAFE4E (0ECD) /
[RF#E3 (NEA) )

W = 38E

- [ BRFHREEBHE
(INES) ZE£ W%

- BRI —TAE
MR

- (ExE) =

X E
OF e
- KEIRFHFE (ANS)
OEXR
- (BA®RZERR (EPRD))
OE#ES
* (RFHHRHIZER = (NRC))
- (b EERZERR (US. GS))




