RREP-2018-4002

REMRRRIS

HOFRENETATh BT D B fie

Development of Methods for Seismic Ground Motion Evaluation

5 I, M R, B4 kAl
Changjiang WU, Genyu KOBAYASHI, and Katsunori SUGAYA
= - R 2 B P

Division of Research for Earthquake and Tsunami

IR F DR T
REERBMERT IL—T
Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)
TR 30F 11 A
November 2018



ARSE. RFHRETREEBRMER )V —TNMIToLREMRTOI D ~DFER
B« BREEDFIEDIEEDTT,

BH. RRSONBZAAHEE, DA FEFEE U TEEORAICTARIDIEEICE FIRR
FORBBRESOHMNDTOND CEERDET,

AUM—FORBICEITDTE™—IL. FaelcRBNEHELIES0),

RFIRHT REBRE KMERT)L—T MR < ERMIREPI
T106-8450 RREFEXTNAK 1-9-97"AART 7 —X ~EL
& 56 :03-5114-2226
TP wv2DR:03-5114-2236




RREP-2018-4002

= Eh A B D2 A

R8T REEBERANSE 7 v—7
HRR - LT FE R T
e A A N U = o 2|

O

JRFAIBHIZ BT, PRk 25 4R 7 AT B AE A O TR EH R ) e O RS 7 #H S
ﬁ’*?bé%ﬁﬁ/f Rl (AT TEEETA B LW d,) ZfifT Uiz, FilEER OFET A
(o = & SRRIR A RE L ORE T 2 uES)) KO DRIAZ FE ¥ IR0E 7 2 #iRH) )
Lﬁ%/)’a‘ﬁ%ﬁfﬂ SHARET D L aROTND, £/, FHIEEE TR, TR B iRk
T B ET DB LN RVHERIZER T 2T UTR BV ESTERY | BiEiEoH
%ﬁéﬁ%blﬁﬁ ) WA DK AN DA IEZ NGS5 Z L NERETH D, AT rY =
RCIE. Rk 24 RS BFRL 28 AEFEICHNT T, LUFORZERRE (D ~(4)) 1IZHY A
[

(1) m%@ﬂmmﬁﬁéxﬁﬁéwﬂﬁiﬁwﬁﬁ(ﬁﬁzﬁﬁmd%mmﬁﬁ)

Rk 25 AREEE TIT, 2011 AR FAEHT ORI R I K 5 BT & 24T\ MR e
KHFEO BBl TAD S E(LZ X > 72, AR 26 Egzu[&p 1%, 1995 4 Fo e bk e i iR LA
V@W%ﬂﬂmﬂ%%ﬁ%:,%%@%ﬁ:%dwk%ﬁﬁ%ﬁ%ﬂ%@ﬁﬁ“%ﬁwf%
MALTRIRE T VISR D EIRETE T A —F OARHEN S R ONA 7 —1 o 7] & OFEEME
BT DA &R LT,

(2) A MEFEOFHETEOESE (PR 24 AR~k 28 4R
gk 25 4EFE IS, RIEREHIEBI S 27 A2 B3 L, MEEEBIRAITY & & biT
WICIE I RS T VA SR EL L, I THEEORETELOET UL FEEER u”:o



ERK 26 FEEELARRIE, HUREh RS A FI O THCE YA b O ZIRGTHRER I PG E 7 /L ORGREN
OMEEEAR S BT DEERR O 24TV, A MR B3 5 %0 R 2 588 L 7=,

(3) WrEZNLOFHMFEDTE K PRk 24 B~ TRk 28 4REL)

WrE 222 B9 2 DL i M OE MR A FE O BLIR &SR A S U 7o, MERmiOFIE
DOt e U TR OB ZNA I 35T 2 5Bt O AL gt 2 & &b, il
FIaFEOMGT E L CTENAORIEZEN T — 2 ZINEE L, BiEZEMOKE I OFHE 7L
(ZDOWTHRE ZIT o 72,

(4) ERZFEETRET 2 HEBOFMFIEORE (TR 24 FEEE~ AL 25 4FEE)

IR 2 5 U 7 M R EMRAT S DN X & 0 T (RO R 2 381 2 HiFE )
DOHEE) OFEAE R L, #izR OBLHHHIEES)) O RO O HIEE @f“?/f%ﬁ T5
EEBIT, WEET VOEE T A —F OGN S DHEERIC XT3 B E2 70 L, &
TR RFE LI WHTEZ RIS & U 7oeRimni i A2 IR R LT,

ii



RREP-2018-4002

Development of Methods for Seismic Ground Motion Evaluation

Changjiang WU, Genyu KOBAYASH]I, and Katsunori SUGAYA

Division of Research for Earthquake and Tsunami

Regulatory Standard and Research Department,
Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

In July 2013, the Nuclear Regulation Authority (NRA) enforced its new regulatory requirements
as well as relevant review guides for commercial power reactors, including the guide for reviewing
design basis ground motion and seismic design policies. The new regulatory requirements and the
review guide both require that design basis ground motions (DBGM) be determined by considering the
following two types of ground motions, “site-specific ground motions evaluated by specifying seismic
sources” and “ground motions evaluated without specifying seismic sources”. Moreover, it is important
to appropriately evaluate the possibility of the occurrence of displacement caused by near-site fault
rupture or other earthquake activities, since according to the new requirements, facilities important to
seismic safety shall be installed on the ground surface without a risk of occurrence of fault displacement.

This project, which covered fiscal years 2012-2016, had dealt with four issues as follows.

(1) Development of uncertainty assessment method for ground motion evaluation

In fiscal years 2012 and 2013, this sub-project focused on improvement of methods for evaluating
ground motions from great inter-plate earthquakes, and carried out a series of analyses for the 2011
Tohoku earthquake. For fiscal years 2014 to 2016, this sub-project analyzed the earthquakes occurring
in continental crust after the 1995 Kobe earthquake, through determining the source rupture process
from waveform inversion as well as strong motion simulation, and accumulated relevant knowledge
on uncertainties of source parameters and the consistency of scaling laws of source parameters which

are used for seismic source characterization.

(2) Development of methods for site effect evaluation
In fiscal years up to 2013, starting with the development and implementation of deep borehole
seismic observation, this sub-project developed a high-resolution, large-depth underground structure

model, and proposed a procedure for underground structure investigation and structure modeling. Since
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fiscal year 2014, in order to develop methods for site effect evaluation, this sub-project carried out
studies on validation of the developed 3-dimenional underground structure models for soft-rock sites

as well as evaluation of wave attenuation for hard-rock sites by analyzing ground motion records.

(3) Development of methodology for fault displacement assessment

This sub-project reviewed the current status and issues of fault displacement assessment, tested the
applicability of numerical simulation methods for simulating fault displacement as a deterministic
approach, and investigated the probabilistic approach for fault displacement assessment by using

displacement data observed from earthquakes occurring in and outside Japan.

(4) Development of methods for ground motion evaluation without specifying seismic sources

By applying the horizontal-to-vertical spectral ratio method to underground structure modeling with
nonlinear soil effects taken into consideration, this sub-project proposed a deterministic approach to
evaluate free-field ground motions on a hypothetical layer surface by using seismic motions observed
on the ground surface, and investigated the probabilistic approach to evaluate ground motion without

specifying seismic sources by using the rupture modeling method for ground motion simulation.
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Table 2.1 List of earthquakes and estimates of fault length
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Fig.2.1 Comparison between the estimates of active fault lengths and those of subsurface rupture length.
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Table 2.3 Parameters estimated from SMGA modeling
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Fig.2.2 S-wave velocity structure modeling. (a) Comparison between observation and theoretical

phase velocity; (b) Estimation of S-wave velocity structure.
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Fig.2.15 Example of ground motion simulation by using three-dimensional subsurface structure models.
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(2004)’s scores.
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Table 2.4 List of physical properties of the ground structure
W) 1D SUHEE(m/s) | BEKgm) | BT VUl | W AKREITEN/mM)
23 1,550 2,000 0.3 4.81e+9
22 1,700 2,050 0.3 5.92e+9
25 1,550 2,000 0.3 4.81e+9
21 2,500 2,300 0.3 1.44e+10
24 2,500 2,300 0.3 1.44e+10
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