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ER:AH ABERZRKE)

1:00 PM - 3:15 PM Meeting room A (Online)

[2A13-21-01] Hierarchical Bayesian Inference for
Parameter Uncertainty Quantification
Masaru Kitaharaz, *Takeshi Kitahara1, Michael
Beer? (1.Kanto Gakuin University, 2. Leibniz
University Hannover)
1:00 PM - 1:15 PM

[2A13-21-02] Real-Time Reconstruction Simulation Based
on Autonomous Basis Function Selection
*Yu Otake'?, taiga Shoji?, Yosuke Higo®, Ikumasa
Yoshida® (1. Tohoku University, 2. Tohoku
University, 3. Kyoto University, 4. Tokyo City
University)
1:15PM - 1:30 PM

[2A13-21-03] 3D spatial distribution estimation
considering nonstationary in the depth
direction and improvement of calculation
efficiency by Kronecker product
*Yukihisa Tomizawa1, lkumasa Yoshida1, Yu
Otake? (1. Tokyo Citi University, 2. Tohoku
University)
1:30 PM - 1:45 PM

[2A13-21-04] Efficient Estimation of Limit State
Probability by Adaptive Surrogate Model
using Gaussian Process Regression
*Tomoka NAKAMURA', Ikumasa YOSHIDA', Yu
OTAKE? (1. Tokyo City Univercity, 2. Tohoku
University)
1:45 PM - 2:00 PM

[2A13-21-05] A Study on Exploratory Setting Method of
Input Ground Motions Considering Site-
Specific Response Characteristics of
Geotechnical Structures
*Daiki Hayashi1, Yu Otake1, Yosuke Higoz,
Ikumasa Yoshida®, Tatsuya ltoi* (1. Tohoku
University, 2. Kyoto University, 3. Tokyo City
University, 4. Tokyo University)
2:00 PM - 2:15 PM

[2A13-21-06] Reliability Assessment for Bearing Capacity

of Shallow Foundation after Scouring under
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Live Load by Bayesian Inference
*Yuna Sasaki1, Hidetoshi Nishioka1, Kohei
Kasahara?, Yu Otake® (1. Chuo University, 2.
Railway Technical Research Institute, 3. Tohoku
University)
2:15PM - 2:30 PM

[2A13-21-07] Spatial Fluctuation Modeling of Piping
Resistance in River Levee
*Masataka Metoki1, Yu Otakez, Yosuke Higo3,
lkumasa Yoshida* (1. Tohoku University, 2.
Tohoku University, 3. Kyoto University, 4. Tokyo
City University)
2:30 PM - 2:45 PM

[2A13-21-08] Risk evaluation for earth-fill dams due to
heavy rains by response surface method
*ZHENG ShiYing', NISHIMURA Shinichi’,
SHIBATA Toshifumi' (1. Okayama University)
2:45 PM - 3:00 PM

[2A13-21-09] A Linear System-Surrogate Model for the
Development of Autonomous Data Oriented
Construction Support System for Large-
Scale Earth Retaining
*Shinnosuke Kodama1, Taiga Saitoz, Yu Otake?

(1. NIKKEN SEKKEI CIVIL ENGINEERING LTD, 2.

Tohoku University)
3:00 PM - 3:15PM

Common session | Organized Session (B fRHT DIREE & Z L MR (V&V).
At & )

BRI DIREE & MR (V&V) | TN S FM
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1:00 PM - 3:15 PM Meeting room C (Online)

[2C12-20-01] Coupled DEM-LBM Simulation of
Underwater Drop of Variously Shaped
Objects
*Yutaka Fukumoto1, Takatoshi Kiriyama2 (1.
Nagaoka University of Technology, 2. Institute of
Technology, Shimizu Corporation)
1:00 PM - 1:15PM

[2C12-20-02] Monte Carlo Simulation with A Surrogate
Model for Non-Linear Finite Element
Analysis of Reinforced Concrete Beam
*Junki Hanyu1, Takumi Ashida1, Mao Kurumatani'

(1. Ibaraki University)

1:15PM - 1:30 PM



[2C12-20-03] Code Verification and Calculation
Verification for Non-linear Finite Element
Analysis of Reinforced Concrete Beam
*Eigo Watanabe', Mao Kurumatani' (1. Ibaraki
Univaersity)
1:30 PM - 1:45PM

[2C12-20-04] Analysis of Factors in Shear Fracture
Behavior of Reinforced Concrete Beam
*Yohta Kawachi1, Mao Kurumatani' (1. Ibaraki
University)
1:45 PM - 2:00 PM

[2C12-20-05] Gauge Configuration Optimization for Early
Detection of Tsunami Scenario
*Saneiki Fujita1, Reika Nomuraz, Yu Otake1,
Shunichi Koshimura?, Shuji Moriguchi?, Kenjiro
Terada® (1. School of Engineering, Tohoku
University, 2. International Research Institute of
Disaster Science, Tohoku University)
2:00 PM - 2:15 PM

[2C12-20-06] Real time tsunami risk evaluation of the
Cascadian Subduction Zone using POD and
Bayesian update
*Louise Ayako Hirao Vermare1, Saneiki Fujita1,
Reika Nomura', Yu Otake', Shyuji Moriguchi',
Kenjiro Terada', Randall LeVeque® (1. Tohoku
University, 2. University of Washington)
2:15PM - 2:30 PM

[2C12-20-07] Calculation Verification of Computational
Model for Simulation of Tunnel Excavation
in Heterogeneous Ground
*Hiroki Kamada1, Yasuhisa Aono1, Hideyuki
Sakurai' (1. SHIMIZU CORPORATION Institute
of Technology)
2:30 PM - 2:45 PM

[2C12-20-08] Computational Efficiency of Stochastic
Collocation Method by Assessment of
Dispersion of Brittle Crack Propagation
*Tatsuhiko Inaoka1, Yuichi Shintaku1, Kenjiro
Terada® (1. University of Tsukuba, 2. Tohoku
University)
2:45 PM - 3:00 PM

[2C12-20-09] Modeling of Photoacoustic Wave
Generation and Propagation Using Finite
Integration Technique and Its Experimental
Validation

Akihiro Miki1, Taizo Marurama1, *Kazuyuki
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Nakahata' (1. Ehime University)
3:00 PM - 3:15 PM

Common session | Organized Session(FtEHExT—4 41 TV )
TEtY Y3V BENEXT—IYA TV
EER:BRE MFERRKE)

1:00 PM - 2:30 PM Metting room B (Online)

[2B13-18-01] Construction of surrogate model for rapid
prediction of rainfall-induced landslide in
wide area
*Kenta Tozato1, Shuji Moriguchi1, Kenjiro Terada'

(1. Tohoku University)
1:00 PM - 1:15 PM

[2B13-18-02] Efficiency improvement of PINNs inverse
analysis by extracting spatial features of
data
*Shota Deguchi1, Yosuke Shibata1, Mitsuteru
Asai' (1. Kyushu University)
1:15PM - 1:30 PM

[2B13-18-03] Improving sequential Bayesian update for
tsunami scenario detection by using
geodetic data learning
*Reika Nomura1, Yu Otake1, Shuji Moriguchi1,
Diego Melgar?, Randall LeVeque®', Kenjiro
Terada' (1. Tohoku University, 2. University of
Oregon, 3. University of Washington)

1:30 PM - 1:45 PM

[2B13-18-04] 2-D Elastodynamic Inverse Scattering
Analysis Using Deep Learning for Multipoint
Measurement Data
Takahiro SAITOH’, *Shinji SASAOKA', Kazushi
KIMOTOZ, Sohichi HIROSE® (1. Gunma
University, 2. Okayama University, 3. Tokyo
Institute of Technology)

1:45 PM - 2:00 PM

[2B13-18-05] Estimation of cross-sectional characteristics
by machine learning for evaluation of
additional stress due to shear lag
*Hiroki Aoki1, Isao Saiki1, Yu Otake1, Ryohei
Mitsui' (1. Tohoku University)
2:00PM - 2:15 PM

[2B13-18-06] A surrogate model of homogenized
elastoplastic constitutive model using RBF

interpolation
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*Yosuke Yamanaka1, Seishiro Matsubaraz, Shuji
Moriguchi1, Kenjiro Terada' (1.Tohoku
University, 2. Nagoya University)

2:15PM - 2:30 PM
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Sat. May 28, 2022 1:00 PM - 3:15 PM Meeting room A (Online)

[2A13-21-01] Hierarchical Bayesian Inference for Parameter Uncertainty
Quantification
Masaru Kitahara?, *Takeshi Kitahara', Michael Beer? (1. Kanto Gakuin University, 2.
Leibniz University Hannover)
1:00 PM - 1:15 PM

[2A13-21-02] Real-Time Reconstruction Simulation Based on Autonomous Basis
Function Selection
*Yu Otake'?, taiga Shojiz, Yosuke Higo3, Ikumasa Yoshida® (1. Tohoku University, 2.
Tohoku University, 3. Kyoto University, 4. Tokyo City University)
1:15PM- 1:30 PM

[2A13-21-03] 3D spatial distribution estimation considering nonstationary in the
depth direction and improvement of calculation efficiency by
Kronecker product
*Yukihisa Tomizawa1, Ikumasa Yoshida1, Yu Otake® (1. Tokyo Citi University, 2. Tohoku
University)
1:30 PM - 1:45 PM

[2A13-21-04] Efficient Estimation of Limit State Probability by Adaptive Surrogate
Model using Gaussian Process Regression
*Tomoka NAKAMURA', Ikumasa YOSHIDA', Yu OTAKE? (1. Tokyo City Univercity, 2.
Tohoku University)
1:45 PM - 2:00 PM

[2A13-21-05] A Study on Exploratory Setting Method of Input Ground Motions
Considering Site-Specific Response Characteristics of Geotechnical
Structures
*Daiki Hayashi1, Yu Otake1, Yosuke Higoz, Ikumasa Yoshidag, Tatsuya Itoi* (1. Tohoku
University, 2. Kyoto University, 3. Tokyo City University, 4. Tokyo University)
2:00 PM - 2:15 PM

[2A13-21-06] Reliability Assessment for Bearing Capacity of Shallow Foundation
after Scouring under Live Load by Bayesian Inference
*Yuna Sasaki', Hidetoshi Nishioka', Kohei Kasahara?, Yu Otake® (1. Chuo University, 2.
Railway Technical Research Institute, 3. Tohoku University)
2:15 PM - 2:30 PM

[2A13-21-07] Spatial Fluctuation Modeling of Piping Resistance in River Levee
*Masataka Metoki1, Yu Otakez, Yosuke Higog, lkumasa Yoshida® (1. Tohoku University, 2.
Tohoku University, 3. Kyoto University, 4. Tokyo City University)
2:30 PM - 2:45 PM

[2A13-21-08] Risk evaluation for earth-fill dams due to heavy rains by response
surface method
*ZHENG ShiYing', NISHIMURA Shinichi', SHIBATA Toshifumi' (1. Okayama University)
2:45 PM - 3:00 PM
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[2A13-21-09] A Linear System-Surrogate Model for the Development of

Autonomous Data Oriented Construction Support System for Large-
Scale Earth Retaining

*Shinnosuke Kodama1, Taiga Saitoz, Yu Otake® (1. NIKKEN SEKKEI CIVIL ENGINEERING
LTD, 2. Tohoku University)

3:00 PM - 3:15 PM
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Hierarchical Bayesian Inference for Parameter Uncertainty Quantification

R & GAT=y VRN =7 7)  dRE K

(BsREpER - BT

Michael Beer (Leibniz Univ. Hannover)

Masaru KITAHARA, Leibniz University Hannover
Takeshi KITAHARA, Kanto Gakuin University
Michael BEER, Leibniz University Hannover
E-Mail: kitahara@kanto-gakuin.ac.jp

The class of Bayesian methods is widely recognized as a favorable approach for uncertainty quantification (UQ), which
can combine the prior knowledge on the system of interest with the measurements on it in a probabilistic framework. In
the Bayesian approach, model parameters are inferred as a posterior distribution, where uncertainties due to measurement
errors or/and modelling errors are probabilistically quantified. However, the classical Bayesian approach assumes that the
underlying model class is deterministic; thus, parameter uncertainty cannot be considered. To fill this gap, the hierarchical
Bayesian approach has gained attention, where a specific distribution, which represents parameter uncertainty is assigned
to the model parameters and its hyper-parameters are updated While the main issue of this approach is the choice of the
distribution, we propose to employ the staircase density functions to flexibly approximate a wide range of distributions
to obtain an approximation of the target distribution that results in the model predictions identical to the measurements.
The proposed approach is demonstrated and compared with the classical Bayesian approach on numerical examples with
three cases, i.e., linear, weak nonlinear, and strong nonlinear cases.
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Table 1 Relationship between model parameter and output.
Linear model M = 2.5x

Weak nonlinear model M = exp(x/2.5)

Strong nonlinear model M = 0.5(x — 3.2)?
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ROT-IERSA 2RI, £72, Fig2 (L@ DA ZHEEIC
LD HEH M L BB O, Fig.3 (ZMEEA AHEE TR
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1) M. Kitahara and S. Bi and M. Broggi and M. Beer:
Nonparametric Bayesian stochastic model updating with
hybrid uncertainties, Mechanical System and Signal
Processing, 163, 108195, 2022.

J. Ching and Y. Cheng: Transitional Markov chain Monte
Carlo method for Bayesian model updating, model class
selection, and model averaging, Journal of Engineering
Mechanics, 133, pp.816-832, 2007.
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Fig. 2 Results of the classical Bayesian approach (left: linear, center: weak nonlinear, right: strong nonlinear).
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Fig. 3 Results of the hierarchical Bayesian approach (left: linear, center: weak nonlinear, right: strong nonlinear).
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Real-Time Reconstruction Simulation Based on Autonomous Basis Function Selection

Ry HeE GRAEK - I) JERIKE GRAEK - I) BB ORaiR - L) & mfME GROErmik - 1)
Yu OTAKE, Tohoku University
E-mail: yu.otake.b6@tohoku.ac.jp

Providing infrastructure facilities with resilient performance against accidental loads, such as natural
disasters, is increasingly recognized. The authors are developing a monitoring design method to
improve the resilience performance of infrastructure facilities and a way to predict the overall facility
situation from monitoring records immediately. Specifically, we propose a method for immediately
predicting (reconstructing) the dynamic behavior of an entire facility using the spatial mode functions
(basis functions) of the facility of interest obtained from numerical analysis results. The proposed
method is characterized by introducing an adaptive model that immediately determines the number of
basis functions to be used for reconstruction. The effectiveness of the proposed method was verified
by evaluating the seismic behavior of an embankment on a liquefiable sand layer.
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R (B 2ERTHELTWA. KEEA T, FES)
DET L, FEHEKRZEEND DB BRI BUK L ORERR BT
T AR r BDABICE(L L TWAD. BIERRIHET 5 EE
TLVE< ORERBENANEIC LD 2 & & BEMITHET L
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HHALCTHREZm ELSETWE 2 ERNNN5.
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T (AR EARERL, TOARMEAR L. B
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3D spatial distribution estimation considering nonstationary in the depth direction and
improvement of calculation efficiency by Kronecker product
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Three-dimensional spatial distribution estimation of the geotechnical property is performed on the measured
data using Gaussian process regression, and a blind test is performed to examine the accuracy. When the
non-stationarity of the standard deviation of the random field is considered in the depth direction, the
improvement of estimation accuracy is confirmed than the stationary case. It is also shown that the calculation
cost is greatly reduced by using Kronecker product when estimating the parameters of the random field by the

maximum likelihood method.

1. [FL®IC

BEY OPTC R O EE, =R 72 & O HEREEY)
DEREMEIT 5 L THIBMVEE O 3 IRIuZE 5340 % 1B
ICHYRET 5 2 LIIFERICEHEETH . R miETIE S
LT, HET 20458 CIdEREEH 2o R 02 FETH
L7 VX TRHEE AL TS, — R BT ER S
THEHEER SR TWDL AU A@FEEF (Gaussian process
regression, GPR) (X7 VU ¥ 7 &M@ L= FIET
BB, TNHITHRRICESS FIETHY, HEEMBOARH
M A FM T & 5. Yoshida et al.) [ IR A ERE DY
GPR |2 & % HUlE WA 0> 3R ST 2 A HEE FIE AR 2 L
TWD., AFETIIHERGOIRBRZEREDONNT A =S &
EHELTHDEN, ZROIEHREICHME T LI 2 b
NEZLND. TORED, FEFEEEZERTDHIETED
IEfERHEENHIFFCE 5. 25 L= ERIo e EREICE
W, BHLEAIER 2T — 2 TR 21T 9B, stEax b
MREE L2250, TF7 4 AROT—21Zx L TIIAKES M
L BREL TN BE LT Kronecker fE &2 W TR+ 2 &
THEROm LR CTE S 2,

ARFIETIE, KT — 4 Z A7 GPRIZE 5 3 Rt ZEMH
IDARHEE FIEIZHOWT, 1) IBSHHOIEEEMEDEE, 2)
Kronecker FEDE A, |Z X AW EZITo7-. L TOT
AV RT A ML DHEEMOREETMZE L T, 1) R
ZETOWNWTIHRE FMOIEEF L ZE LICGE L ER OV
B, 2 MEETHERG ORI A =2 E2HET BRI
Kronecker fiZ 9 24 & L2 WEE CORMEER], ©
L 24T S .

2. GPRZHW=H#EDEXIL

GPR Z MW HEEM A~ F v g, OHfEE A% ()R

%, =X, + MLMHz - %} @)
IIT, AT I L 2B, 2 A M S L, X,
TN v, M3 5AT4, 2 (3B~ 2 F T
b5, KEFETIE, Xy, X I ZBRHESZ N L OFEE LR
ETDH, 22T, HAR=V B TCES FRICE—O
FEETT — 2 BB TS, TabHIT + ZRICE R
ENTWD ERET S 2. &7 — & OBLEIHLAE n 13K
J7 I HEHL mn &SRB ML ny ORETRYE S, H5 2

RO s & s'D 2 )i DK J7 17 BERE dn,  $R1ET AR

HEd T ZNENUToOR L k5.

dy=/(5-5)2+(s5,—5,), d,=[s,-5, | @)
T IT, BB s & s ORAT )L, 1,2 2KEHM, 3%
SNBSS ET D, KR—VU 7 TR CES S, v=1,nv & L,
FR I OEREFZE0, 1IXKQ) LV EHTS.

- L Sa —x) ®)
O-iv nh _1;(Z|h,|v Xl)
INHERNT, EoREiErX@) Lok 5.
COV(SISI):UiVUiV.p(dh 16,) p(d, |6,) @)

T IRATF N VIFEN KT A L ERE S EE L,
p(d|o)1E B CAHEIRS%K, S 1% scale of fluctuation (SOF) T® 5.
H CAHBEREIIK T M LS E S mOR L ET S, BE
FEBEBEIH D 7 A iFE(5) D Whittle-Matérn® % W 5.

p(d|5)=2(*/;F(”O's)dJVKV(Z*/;F(”O'S)"J 5)

() r(v)o r(v)o
Z T, T v~B%k, viX smoothness parameter (SP), Kv
FRE Yy OF 2Ty v VBB TH S, HEEEO LSBT
Bl P LA TFOX(6)L VR, HEEMEDLHIL P2 OXIA
R bEHET A,
Pp=My,— M21Mf11M12 (6)
HEEIZHEH T 2RO /RT A — X2 3 BEE AN TR
T2, RMNZARTRAOMBLEL R/IMET D L1
BFGS IE TRGEL 24T\, NTA—XEHENT 5.
-|nL:EZT(MM)AZ+£|H‘M11‘+E|n(2n) ™
2 2 2

B SN T T ¢ ZRICEE STV D56, BLAIH A
Al =D HATHN O WA TH] MHEE(B)IZ7R - Kronecker
HMEHWCEHETE S 2.

_ 1 1
Mu1 = (Mh,ll) ® (Mv,ll) ®
ZZC, Mna (S E nn DK S O 5EATH, My (i
BE ny OERE T OIS EATIITHS.

3. EHlF—2IZx9 5 GPR ZALV=#ED—1HI
RN 9 5 3215 — # 13, International Society of Soil

Mechanics and Geotechnical Engineering ® TC304 7 — 4 ~X—

A9 MHBAFT L. T—FI1F 40 Mmoo a— B ARERT
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BONT RS UE(q) TH 5. Fig. 1125 — & OBIHIH A,
TIA4 Y RT A MM, HEMmOYEXERT. 77«
ZRDT —H LT B8, 40 ST THERE 02 005 45m
% 0.05m flE 9, 87 SOBBPRAEEMT 5. Fig.lD5%E
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TIX D51-D54 T/ 74 > KT A R &1T9. #EWimis aa’
DIEES 02705 45m DM CTH 5. Fig. 212, 2EHT—
AR LA RS OEREFZEL, #il& LT B5-E5 D 4
S OBMT — % 2T, EYERAITEE Im TREL AR

D, TLARBITONT/HELL Ko TWA.

Table 1 12T EMEZ BB LIZHA & EFHOBA DKL
HEE M & FHEREM 279, FHERFREIE Kronecker 78 % i
L7z3A & LaWE4 (conventional) 7k L CWA2, 2
NOOREEHEEEIT KT 22 E2MRBLTWA. ETH
TIEER LV RE(EHRDO ST A—=FEHN LD W=D,
SRR AEV. REbFiEE VD 5E ORFEERITA
HWHEICREIKFET DO ZNODROFLEETHD.
Kronecker f & i H L7254, FHERFE A 1/300 £ 72~ T
BV, HESRNIEFICH LK. Fig. 312 4 HiATIiT-o
727742 K5 A MDOWN, D51, D52 #80fER4277. X
B, JEEH & EFOHAOHTEM, HEDONHEE
P2 5% EHEXMZ R L TW5D. IEFOEE, £H)
DR ZWEFIT CIHMEEX M OENAL, /NS WEHTCIEE
HXEEN K E - TRV, BEEOSMAREEL T\,
Fig. 4 I[ZFEEH DOBE OHEE Wi DOHEE & R37 .

4. BHYIC

AW TIE, SERIOHE T — # 12%f LT GPR T 3 KkJL%e
M HHEEZITV, 7FA4 2 R A P CTEE & i L.
HEE DR, EHEREICOVWTIES FHOHETCH 2 EET 5
ZETEFOGE L LU CRHRHETE o T, BBk
THERG DR A — 2 ZHEE T BB, Kronecker fif 2 4
%L CEHESRNKIECH L L. 5%, o5 A—
HRAEFMICIEE T EZ BB LI, KIBREHETT
4 AROT — X T Kronecker FE % HEMAT 5 72O OREH&1T
7.
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Efficient Estimation of Limit State Probability by Adaptive Surrogate Model using Gaussian Process
Regression
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This study discusses the points for improving the AK-MCS proposed by Echard et al. (2011) which is an
efficient method with active surrogate model of limit state function for calculating limit state probabilities.
The proposed method introduces Importance Sampling without using design points, and is applied to an
8-dimensional consolidation settlement problem to calculate the limit state probability. It is confirmed that the
probability is calculated with small number of function call.

1. [FL®IC

ERMAHETFE, ThbbRAREEERER CIT, R’
FORBBRER) ORIFHEIRIZ OV TIIRWELRH Y,
FRx 7o FIEPNIRR SN C&E 72, 4, FEMEom ki
££1 > Monte Carlo Simulation (MCS) % N7z HiENEH &
N, 72T Echard et al. iz X » TIRE S - s R E £
T & MCS #flAiAHHETZ AK-MCSY(Active learning
reliability method combining Kriging and MCS)»3{% B & T
W5, D 10 4T AK-MCS OFEDSEICBET 5 IEFIC
%L DmIBFELSH, TNHD SOA LR— ML
HEENTWE 23, EOUEDE L TEE D MCS Tt
EREHS () F£H Y o Importance Sampling (1S) % i
IBRIEND DN, WEHRERR T 2 BRI O HEERMD
FIENRBIIRD Z L, ZHGEAEN D 58I FIHNE
HEZ72 D, MO A FTREZR IIREICIXIE ) C & 2272 K o
B 5D.

AWFFECld Echard et al.1z X 2 IO FEL ATV, £ Dtk
RiZAF CoMBEREZERT2 & & blz, Ritnzfbi
WIS DEA, KOZEDSEDBRBE L Z DB RIZHOVTHRE
T 5. 61T, WRLEFEEZHWT 8 RT/E&E L T &
W3 U CRRFUIR B 2 HE L7l 2 E T 5.

2. AK-MCS RU#ETRI% LF DE
EREZH O BE, RAIRBOTAGTARE SR L L

R 2 2T 258035 <, 2 ORSFURAERH (function call,

FO) D AW O Z L BHEHFEOR LICEETH S.
AK-MCS (% Kriging % AW CIRAUKEERS O REET L %
R L CHERF 21T O FiETh D, LK, MCSIZX 5T
FHAEIHERT 2 RE7bi 1, REET ABEDT-DD FC
REF T AT B AK-MCS IZB WV TR EE R 5% E|
ZAH o T 5 O A3 FE B % U(x)(Learning function, LT LF)
TH 5. LF X Kriging THEE S 7= [RICIRAERIELE D 4
ug(X) & T DIEHERZE og(X) DL TR END.

U(X)= ‘/Jg(X)‘ (1)
og(x)

TSR IR IGB IR OB EAT 9 72olZ, LF
OIEN B/ S VBT, T BHERFURREICE < AR ENE
DREVEERDOY TV, DFD FC OEETS. BN
STt T, EORFIRIEBIFUE 2 FIZ Kriging (2 &
HZREEFTAZEHTD. ZOFEELBRY KT Z & TRE
TFVEEEEAT S, KRBT TS E DRI RERD

DT 100 772 %< ORiT- & AW TIRAIRREMER 2 HES
HILINTED.

3. EH2EDHIEERNFE LI-RRIREEERDOHTE
Echard et al.1Z & 2 2% 2 fHOHFIE VIcO>WTRT. BRA
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3+0.2(% —X,) N )

g(x, %) =minq 3+0.1(x, —X,)? +%;

7. 7
(X17X2)+ﬁv(xz X1)+\/§

BEHE w1, X \FAEVEEHATICNE D EEHTH L. ZOfl
AR 4 WETFEET 2METH Y, 2 OFRLT
Ry Fw—7WIER ST 5. Fig. 112 100 J5 DRi1-
BCHAE LBZRT. 7, BHIC MCS DzH® 100
T ORLTEFAESES. BliE, REETAHEOTZDOY)
Y7 12 HERESETHOHORBETT L ZERT
5. REEET A% HVT 100 7 A0 LF Z5HE L Tl b /b
SREAE L 72 o T2 52ROV > 7L & LT IRSACR BE RS
FEHEL, REETLVEETHTH. ZOFIHEEY KT Z
EC, e IZIRFURERBONRBE T VAT, RIURE
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Fig. 1 AK-MCS using 1,000,000 particles.
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He a4, 80-100 EIFEEEDY 7 A% (FC OEF) T

K LTRY, 1 FORFETHLE L CRARERKE
HETHZENTE S,

5 EFATHEEZNEE LE-RRIREFERDOHTE

Fig. 5 1CxfB & U7 ik 1 SLps i 2 fims (b U 7= Wi 4 %
RY. EEHLE TFToOMENS+0.8m #isE SL LT 5. &
EfENTET V& U C Rk A RERIE(CL T FEM) % fE
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Fig. 2 The proposed method using GPR with single random
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Fig. 4 Limit state probability in the learning process (20 runs).

1.2 6 6 16 6 612

ég (Unit: m)
Layerl A N ?g
ankment fill :

Layer2 1.

Fig. 5 Cross-sectional view of t'he target ground around point

S1.
| — : Estimated
“ ——: True
% =71 | e : 95% confidence interval
S o boob-Aecne- - frressoomm oo
rEs N ,,,L,%% ’_/;—F:;"'T‘"{' =
Zo )‘ p
I
2 \ H [ r . .
20 40 60 80 100

Number of function call

Fig. 6 Limit state probability of settlement by the proposed
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In this study aims to develop a design method for geotechnical structures under accidental loads. We propose a
framework for seismic input waves' setting method that considers the site-specific response characteristics
under study. The proposed framework consists of the following three functions 1) engineering feature
management of earthquake ground motions, 2) search for fatal failure zones based on adaptive experimental
design, and 3) synthesis of earthquake input waves for "the stress test." To validate this framework, we
conducted numerical analysis on all observed seismic records (2827 waves). And we targeted the behavior of a
simple embankment on a liquefiable sand layer. The maximum settlement of the embankment was then set as a
performance index for simplicity in this paper. The maximum settlements obtained from the liquefaction
analysis results were appropriately clustered in the feature space of the seismic waveform (principal component
space). It is confirmed that the input seismic wave features that produce fatal failure can be extracted. Finally,
based on the concept of "design point" and "sensitivity coefficients" in reliability analysis theory, we generated
a sample of synthesized seismic input waves and discussed their characteristics.
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In recent years, along with heavy rainfall, damage to bridge foundations caused by scouring has increased.
Even if residual displacement happens in the foundation, early emergency restoration is possible if residual
bearing capacity can be secured. A previous study has proposed a Bayesian estimation method for the residual
bearing capacity of spread foundations after scouring. This method enables us to predict load-settlement
curves with small load levels. In this paper, we used the method to estimate the probability of failure during
applied live load and investigate the difference in the probability of failure due to the size of the observation

error.
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The river levee is a long and large structure that spreads linearly, and its performance as levee system
is lost even when a local failure such as piping failure occurs. However, with the current design method,
performance verification is only carried out on one cross section in a series of sections defined by
several km sections, and the viewpoint of performance verification as a levee system is insufficient. As
seen in the 2012 Yabe River breach, there is concern that piping danger points may be overlooked, so
setting priority for countermeasures is important. In this study, we consider spatial interposition based
on the actual data of the 34km—benchmark river levee, where the ground survey is carried out at high
density, considering the autocorrelation of piping resistance and the inter-index correlation with the
index observable from the levee surface. After that, we discuss the possibility of setting the optimum
design cross section by introducing the concept of Bayesian optimization.
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Fig. 2 Spatial interpolation results
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Fig. 3 Extraction of the design cross section.
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Risk evaluation for earth-fill dams due to heavy rains
by response surface method

Shiying ZHENG, Okayama University
Shinichi NISHIMURA, Okayama University
Toshifumi SHIBATA, Okayama University
Email: shiying98122@yahoo.co.jp

1. Introduction Table.1 10 examples of 29 sites
The breaching of the earth-fill dams due to natural Flooding Basin Water
disasters are frequently reported in recent years. Pond ability ar:a storage
After the disaster in July 2018, the Act on the (m?/s) (km2) (km?)
Management and Conservation of Earth-fill dams was 0-A 2.121 0.634 39,000
enacted in July 2019 by the Ministry of Agriculture, O-B 0.735 0.268 11,000
Forestry and Fisheries. It is necessary to select the 0-C 1.724 0.192 57,000
carth-fill dams for disaster prevention and evaluate O-D 2.298 0.534 29,400
their failure risk. In this research, the probability of O-E 2.025 0.321 17,000
the levee breach is calculated using detailed analysis H-A 2.62 0.24 10,300
and response surface method for the selected 29 sites H-B 0.35 0.11 12,000
(Table.1), and finally evaluated the risk of the H-C 0.23 0.709 13,700
overflow failure. H-D 3.04 0.193 49,600
H-E 1.96 0.32 66,210
2. Detail method to evaluate consequence O-: Okayama, H-: Hiroshima

In order to calculate the risk of the earth-fill dam,

the damage cost should be calculated using the

detailed method. Using the flood analysis to show the

e
N}
S
S

flooded area about the earth-fill dam and its

y-coordinate (m)

downstream area at first, collect the land use data and

asset data in the same basin. Finally, calculating the

P
estimated damage cost by superimposing the result of o 100 80 1200 1600 2000 2400
x-coordinate (m)

flood analysis and land use. Fig.1 shows the
(a) Submergence depth (m)

maximum inundation depth obtained from the flood
12000

simulation at a representative site.
10000

8000

3. Response surface method to evaluate 6000

consequence 4000

Since detailed analysis requires a lot of labor, this 20

research propose a simple method to calculate the T o o oo 10 20 20

x-coordinate (m)

damage cost of the earth-fill dams. By determining
(b) Damage cost (1,000JPY)

the relationship between the response and 4 factors a, ) , )
) o Fig.1 Result of Flood simulation.
c, e, f, using cross validation to select the most
appropriate one from all RS (shown as Table.2), and
the one with the minimum error is shown as the
Equation (1) from the variables requested by the

regression methods of 29 ponds.
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The cost of damage=

—1.04 x 10%Ina — 5.02 x 107Inc + 5.64 x
10%Ina - Inc + 1.67 x 103%e + 1.07 X

10*f (a < 11000) (1)
—7.30x 10*Ina —2.33x 107 Inc + 2.01 x
10%Ina * Inc—6.29 X 10%e + 4.29 x

103f (a > 11000)

a © effective water storage (km?)

¢ : median gradient of the main inundation channel
(%)

e : average density of the number of households in

the inundation area (households /km?)

f: average density of employees in the flooded area
(person/km?)

The comparison of damage cost by two methods is

shown as Fig.2.

4. Probability of failure and risk assessment
As for the probability of breach breakage, the
breach is assumed to be an overflow. The probability
of levee breakage is generally expressed as the
probability of overflow occurring multiplied by the
cost of damage. In order to make the calculate of
levee probability a high accuracy, the levee breakage
probability is corrected by considering the storage
function method and storage effect.
The following formula is used to calculate the peak

flood discharge

QL A

Qp = (2)

3.6

Op: peak flood flow (m?3/s), 4: catchment area (km?),
Or: outflow of earth-fill dams (m? / s),

The conditions of the limit that the reservoir
overflows are as follows. Qd means design flood flow
P=Prob[Qa<Q)] (3)

The calculated levee risk and ranking of 29 earth-fill
dams in detailed approach and the response surface
methods are shown in the Fig.3. According to the
Figure, the risk of Okayama seems to be lower, but

the risk ranking is scattered over a wide range.

5. Conclusions
In this research, the damage cost of 29 ponds is
estimated using detailed analysis and response

surface method. According to the risk evaluation,

TARZR E25AMANEY VRY T LEBEBRES (2022458)

Table.2 Error of damage cost

R . () ¢
ESPOHSE Function type of response surface Ertor of damage co
surface (1,000 JPY)

1 xﬂa+x(c+x?e+xff 41,620,605

2 Xglna +x.inc+xg.dna *inc+x.e+ x:f 40,805,706
3-a7000 Yo+ XoC+x€+xef 46,797,710
3-a11000 40,700,785
4-a7000 Xolna+xcnc+xgina *inc+x.e+ xpf 42.687.394
4-311000 Xalna+x.nc+xglna «Inc+x e+ xqf 33.549.979

Xa+ X 0+ X8+ xsf

5.1 Xa@+ X 0+ Xq0 'C+,\'EE+:\":f 43.308.141
5.3-2-7000  Xa@TXcC+¥Xge@ €A L+ X f 45458434
53211000 Y@t A+ Xg@ ettt af 37606107

100000000
z
;;0000000

nse surface

(=

000000

S 100000

e cost by respo

* Hiroshima

o

Dama;

° Okayama

10000
10000 100000 1000000 10000000 100000000
Damage cost by detail approach (1,000JPY)

Fig.2 Comparison of damage cost by two methods

35
30 o
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-
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= ' o Okayama
0
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Risk ranking by detail approach

Fig.3 Risk ranking by two methods

two methods could present similar order of the risk,
and the response surface method is clarified to be
possibly applied to determine the priority of the

renovation works of the earth-fill dams.
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ARBELBDICHEITHERIEEIIE R T LRAED-HD
WO AT LEREETIILOBE
A Linear System-Surrogate Model for the Development of
Autonomous Data Oriented Construction Support System for Large-Scale Earth Retaining

RE BT S ARG L)

g R CRAER - T)

Ry 1 GRAEKR - T)

Shinnosuke KODAMA, Design Dept., Engineering Div, NIKKEN SEKKEI CIVIL ENGINEERING LTD
Taiga SAITO, Tohoku University
Yu OTAKE, Tohoku University
E-mail: kodama.shinnosuke@nikken.jp

In order to develop a robust design method and a real-time control system for large-scale earth retaining
structures, a hybrid surrogate calculation model that combines the DMD algorithm and the theory of beams on
elastic floors is developed. Four simple ground heterogeneity scenarios were prepared and the effectiveness of

the proxy calculation model was verified numerically.
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(a) Earth retaining works (b) The elasto-plastic method
Fig. 1 Conceptual diagram.
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MARAKIZE B L 1=K ETRERD DEM-LBM #RLE TV & 5 BIRAEMN
Coupled DEM-LBM Simulation of Underwater Drop of Variously Shaped Objects

B & (RESENRER) M Hfe (EAKEERER) BARDFSERT)

Yutaka FUKUMOTO, Nagaoka University of Technology
Takatoshi KIRIYAMA, Institute of Technology, Shimizu Corporation
E-mail: yfukumoto@vos.nagaokaut.ac.jp

This paper presents the simulation of an underwater drop experiment using a coupled DEM-LBM model in
two-dimensional conditions, focusing on object shapes. The shapes of the objects are circular, rectangular, and
L-shaped, and the dropping behavior of these objects is measured by image analysis in the model experiment.
By comparing the results, the validity of the coupled solid-fluid model based on the DEM-LBM is investigated.
The characteristics of the underwater drop experiment as a method of validation are also discussed.
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BB — MIY DEREERERFENICHT E2RBEVTHILOEK
Monte Carlo Simulation with A Surrogate Model

for Non-Linear Finite Element Analysis of Reinforced Concrete Beam
P& BB KWK - L) AW e KWK - 1) HEA Bk (ZROK - 1)
Junki HANYU, Ibaraki University
Takumi ASHIDA, Ibaraki University
Mao KURUMATANI, Ibaraki University
E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp

A surrogate model for non-linear finite element analysis of reinforced concrete beam is proposed. The model is
formulated based on the response surface methodology and can approximate the results of non-linear finite
clement analysis with a second-order accuracy. Monte Carlo simulation can be performed with a low
computational cost by using the surrogate model instead of the non-linear finite element analysis. The proposed
approach is also useful for the uncertainty quantification in the verification and validation.

1. IZC&HIZ

K EHEIR F 4 (ASME) Tl V&V (Verification & Validation)
LXIENDBAEAT OEHENE ZARFET DT D FIENHART
4> ASME V&V 10 (LLF, VV-10) ITRESN TS, &<
Validation TIIFERBREFAEMAT T UL RHENS ZERILL,
UM AR T ENRSNTCWS. BRICIE, FEBRo
e ClE, BRI ML 7= SRS RS, RIUHS RT3 s,
X520 HLFER E70D. EBFERMIESSEREL T,
FBRFE O MG ESLHRBRIAD AR BT DR E B HDH,
FRBERELCTHEORMENSNEZEND. —J5, ElEfhr
DA TIE, MERRBRAE BB E T DB ST A—2 DY
DM OHPFEANT, BT 2 E I 5528 T, M
IRTA—=B DRGNS & B OTIRITRERNEOND. 372D, T T ‘ T ]
FEEREBUE IR OWIFIZ BT, RENED—>THHHEH 1
DIEHLOXIZE BLT, KR EFAE AT OB 7 CHEL R F ki
FTHILT, RS 0T RERAERLIRNTHER O LT
&%. VV-10 Ti&, MEO RN SEZDIoEr T Hmsia
L= ar EERRIORRIZLY, 2N ENO R HENS OE &
LEAT ST FEEDRA S TS D, oL, FERTATRE S
FRATIE, — AR R AR RN ZENHEL T A2
L—ar T D2 EIFBLFER TII RV EWIIERHD.

FIT, AFLTHE, RO R ANTEL T ARV AL
—ar B RETLHFIERRE TS, BRI, dhi Rk 0
Bin= 7V —M (RC) IV EXIRIT, FRNTHE R A FLRER TR &
FSH I AT e BT VEER T 5. IS miEE v
REETNVEHERATHILET, KaAbTEVT ALY 2l

650 mm

Fig-1 #HIFREER RC 1TV DIRIR, THiHE -

<
wn
T

— Nonlinear FEM
— Experiments

cumulative probability

1 I
100 110

Load (kN)

—rarEETEDILERT. Fig-2 FEMYE FEM & SR IS 1T 5 BAS A o beig (X
2. HEETL ZIT, IR T VN, 0T BTV, BT S

ARFFETIL, BEGET M LDIERIA TRE R AT %5
HETIUTHWS.
AL Y —hORERRE T MG E T V2R 5. %1l
O e lIkA TR NS,
k-1, 1 |[/k—=1 N* 12k
= k- T2k (1 —h ) tasnz @
ZIT, VIRT YU, KRS BRI, LN O

B, el MR A O T I, G T X —, h iRl %
AN T AEIRE S ThD. SO TT LIZIE von-Mises
HYEET VAT 5.

3. EVTHILOKICK DR LMD

VV-10 Ti, it o2 SR LT, MEo R
MEEBGDEELT IR I alb—3 g L EREBIOE
BRine, TRENORHNE ZERILT 2 HEPEMN SN

TUINDE | RER, ' IIMREOTHTIIVE 2 RE®
ToD. IENEOTHORERIE, kDIDITRSND.

TWA. AR CIESCHE Y0 PR EER RC XV ICBIT S
FERREREZ D RIFET, Xt &3 2 PR RC I

0= (1-D(e))e:e @ yopik, WE-BEREMEE Figl IORT. ELT LR
D =1-Lepl- T2, ] @) Z il s ORGEAE 00F LT,
€e Gr £18 %DFIH CHEL R T A — 2 | —kEELI A 5 2 72, +18%
OAKHEEATASE RANLESA - 2C12-20-02 -



OABHEEATIARER BANFERESR

2C12-20-02

Frequency

S5

T T T T T T T T T T
0 L 1 1.1 | 1 1 ..J
0 0

-0.5

Error (%)

Fig-3 100 7 —AIZBIT HBEDE A N7 T L

];

e
W
T

cumulative probability

— Surrogate model (Second order)
— Experiments

| I I
100 110
Load (kN)

Fig-4 fOBRE 7V L SZBRIEIC 3510 % BRI A0 O FLiklX]

VIAMERRBRAE R 9% 6 LI L CRER 2T 5 L 0 ICRE
Uiz —#EL A A WTZ 100 ¥ —ADRT A—HF ¥y hT,
FERRIEA TR 2 FEhE 9D . AR CTHW DR T
A—BIY o TR IO A RS IR & L,
ERTAHNEREALN 10mm DL XOMEME TS, VV-
10 DFERF] DTIE, ZUMHEREOFIEL LT, FHtiFEEMSRe

PHWBN TN S, FHEFREMRQ X, kckshs.
1 [oe]
M0 = it | |Fngmoa) = Fsngeo |y )

T I T, Fypgmoa(y) 1ZIEE 5 SRQ 12 BT 2 RATHE R 0> B A%
GiATBAEK,  Fopgere (y) XIS R SRQ IZBE3 5 EERFE RO R
FEOIATBI%L, SRQ®P IZFEBRTH LNIZIEE & SRQ OV
BaET. FHEFEEMRC 2 T, FERIEA IR E H AT O
T EMRT S, MR L OERBRICLIVELN
7= BRSO & Fig-2 17T, MRUT1367%TH Y, Wb T
BWMETH D Z &S IERIE A BREFRARHT O 2 4 X R
T&7Z. Lo, ZoOZUMEMEZREOFIETIE 1 BOIERF
HIREHEMNT OFFHIFHEA 12 FRRETHH 2D, T
FANEL I 2 L— g ATEEN TRV,

4. REEUTANOEIZL DR LMD

AT TIX, MEART A =2 IR AR NS 2 5B
HIRNTHE B A R THE L B TE AREBET L EE
s RBEEFATCEL T IR I al—Y g 02 FE
MEL, (KA M THEBTEXHZ LERT.

1) REETILOER

ISR E AW EEIRREE NS5 2 LT, T
RDEREHE CH T RE R RBE T V2R T 5. IS i

TARER F25OIGANEY VRY U LEBEHRES (2022458)

B, EBGIEIC LR T — 2 2 E L, LEA
(HEF) 2HEETHHIETHD.

ABFFETIL, Yo 7R, BEEEOT 2, EHE5RmE
WABIEES L U, 22067 10mm O & & O HEEZ B
ETDLEBFBREZIELT 5. RO L5 ERFEXZEHL,

RBETVETD.
y = Bo+BiE + Bze+ Bsk + BraEe + Pr3Ek
+Ba3ek + B11E? + Baoe® + P3sk? 5)

ZIC, yIEENL 10mm D& X OWEE, By~p,, i EEHER
BThHD. FIRMREEHHO 13 77— 205 R RE A K
52 & CHEBRXEZMERT S, 1 BOERIEA IR B
Brid, FHARFRIA 2 FEMIRRE CH D DIk LT, TS
JLOEEEMIT 1 MRETHS.

Q) REETFTILORBE

KRBT NOBE LRI, ERIEA REREMNT T
Fhti L7z 100 5 —AD/RT A —H ¥y MIxfL, (WFET
VTR DNNT A =Bty NEFETH. 100 r—ADIE
SIEIRERMBT O R L, RBEFANLELNDER
D% Fig3 I T.2NE /5 &, BEE, 75T705%
UNTHDZ L, REEFLOREIL, AR
IO REBERSHE TETWAZ L bhotz.

3 KREBEEUTHLOZEOERAM

FHIHREEM 2 AN C, REEF A 0E T HA RS
2 b= ATk Sl A A iR D, Uk D0 B EE
B REEFLOMENOMREZRD 2. ERERL X
URBET VORI IV E LN R0 i % Fig-4 |21
T MRUT 1.369%TH 1, IR A FRESEARMT O 224 Ve
BOMRLIFF—FT 5. REETVIE, TV TRV
Ral—va U EERNETERETE S Z LR TE R

=D,
5. #Ei

FBIEA RERMNTTIE, FENSZERILTEH2H0
BT HATY R 2 b— g VFHRERTIERY. 20k
O, ARG EEEHVSA LT, BT ARy
Ralb—varERETLHEERE L.

4 BEho, (BT T VIXIERIE R IRE RN 2 58 A /8
THDHIENHERTEL., TERBET VL, RHENSE
EELTAEOOELTHALRY I 2L — g VITEST
HDHZLERLE., 2L E, AR CTRET INEE
Fo, G cEL T ALY 2 L—3 g VEERT
XA ENPDoT.

AR TONREET VL, diFaEES RC 1TV x4 &
L7=7z®, B BHTRIRICHOWTORNES % OMET
H5b.

SEXH

1)  AnIllustration of the Concepts of Verification and Validation
in Computational Solid Mechanics: ASME V&V 10.1-2012,
The American Society for Mechanical Engineers, 2012.

2) FABARAN, HBRRHE  BERPICES SHEETT LI
X% RCEMOIMBMIE S I = L—2a 2T 2
AR, tAFRRXE A2 USHF),
Vol.73,pp.1263-1271, 2018.

3) HUARRRE, RIRHE RS, LARMEE, BEMSE, AR
7 AR &S OERICHIT 72 RC 1T O—F i
B, LARZEEFRICE A2(08H %), Vol. 75, No. 2 (15 H
F1Fam S Vol 22),1 411-1 420, 2019

-2C12-20-02 -



ORMHABEALAZER BRANEEER

2C12-20-03

TARZER F2EEANEY VRI Y LEERES (2022F5R8)

B0 )— MIY QIR ERERBINICNT 63— MREES & URERIRELE
Code Verification and Calculation Verification
for Non-linear Finite Element Analysis of Reinforced Concrete Beam

Wi K (MK - 1)

HAT R (RHOK - T0)

Eigo WATANABE, Ibaraki University
Mao KURUMATANI, Ibaraki University
E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp

This study shows the code verification and calculation verification for non-linear finite element analysis of
reinforced concrete beam. A reference solution obtained from the beam theory with material nonlinearity is
used for the code verification. The mesh sensitivity is evaluated in the calculation verification instead of
estimating the mesh convergence rate. The numerical results provide the possibility of the verification for non-

linear finite element analysis.
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Analysis of factors in shear fracture behavior of reinforced concrete beam
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Yohta KAWACHLI, Ibaraki University
Mao KURUMATANI, Ibaraki University
E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp

Influential factors in shear fracture behavior of reinforced concrete beam are statistically analyzed using
numerical simulation. The non-linear finite element analysis with a damage model is applied to the fracture
simulation of reinforced concrete beam. The four-way analysis of variance is used in order to specify major
factors affecting the variation of shear fracture behavior. The results reveal that the material strength of concrete
has strong influences on shear fracture behavior of reinforced concrete beam.
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Gauge Configuration Optimization for Early Detection of Tsunami Scenario
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We incorporate an optimization framework in consideration of the characteristics of wave spatial distribution into
the recently developed real-time tsunami scenario deterction scheme to identify effective configuration of gauges.
The detection system combines numerical simulation and ocean wave information and can update the accuracy
of scenario detection based on Bayesian theory. As a validation, we compare the results of scenario detection

OABHEEATIARER BANFEESR

using optimal and non-optimal configurations to show the performance of optimization framework.
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In this study, we present a tsunami prediction method using Proper Orthogonal Decomposition (POD) and
Bayesian update. The study takes place in Westport. Based on fake earthquake scenarios, 1771 tsunami simula-
tions are obtained, and corresponding wave histories are collected at 76 fictive gauges. The main characteristics
of each wave history are extracted prior to the forecast process and stored in a database. When a tsunami occurs,
wave heights are measured in real-time and their characteristics are compared with those of the database. The
closest scenario from the database to the occurring event is chosen as the forecast by application of Bayesian

update.

1. Introduction

Tsunami prevention is crucial to limit the extent of the dam-
ages. Prevention can broadly be divided into three complementary
aspects: the awareness of the population, urban planning, and the
real-time warning. Tsunami forecasting belongs to the latter as-
pect and is important for the evacuation process. The fastest and
the more accurate the forecast is, the more efficient the evacuation
process should be.

In this study, we evaluate the risk of tsunami triggered by earth-
quakes in the city of Westport by applying the method proposed in
the previous studyl) which combines Bayesian update and Proper
Orthogonal Decomposition (POD). There are two objectives: ob-
taining the forecasts in the shortest time possible, and obtaining
accurate results. The site chosen for the application is the city of
Westport (USA, Washington), located near the Cascadia Subduc-
tion Zone. It is known from litterature ) that the subduction zone
is capable of generating major earthquakes. Thus, earthquakes
and tsunami mitigation along the North-West coast of America
seems imperative in the recent century.

2. Tsunami scenarios: database

As it is explained in the following section (3. Methodology),
the whole process of creation of the model is decomposed into
two steps: the pre-process which consists in the creation of the
model using a specific quantity of the data in the database, and the
verification of the model which consists in verifying the quality
of the model by applying the method on the rest of the data. It is
thus necessary to have an important quantity of data to be capable
of creating an accurate model. Here, we call “learned data” the
data used in the pre-process, and “tested data” the data used for
verification.

In our study case, as the last big event occurred more than
300 years ago, there is a lack of seismic data. Moreover, there
is a lack of offshore gauges (here, instruments to measure wave
heights) along the American Northern Coast. For these reasons, in
this study, the database consists of 4-hour-long synthetic tsunami
scenarios generated from fake earthquake scenarios (Figure 1),
which are gathered at synthetic gauges.

The plausible earthquakes at the targeting sites were generated
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Fig. 1 Example of fault rupture

by a fakequakes software®), and the tsunami database has been
created with GeoClaw®) considering 4 magnitude classes: M7.5,
M8.0, M8.5 and M.9.0. In total, 1771 earthquake/tsunami scenar-
ios have been created and wave history data at 76 gauge-stations
were stored for the forecast process. A wave-history datum is
equivalent to the variation of the wave heights at a given gauge,
for a given scenario, for a duration of 4 hours.

3. Scenario detection: methodology

The principle is that when a tsunami occurs in real-time, the
closest scenario to the occurring tsunami is chosen from the
database. The selected scenario is taken as the forecast.

To do so, the process is divided into two steps: a first phase
called pre-process during which we extract the most important
information of the data, and the real-time process in which the
closest scenario is selected by comparing the data of the tsunami
occurring in real-time with those of the database. The comparison
is done only by using the principal information of the data.

Two mathematical tools are employed here: Proper Orthog-
onal Decomposition (POD), and Bayesian Update. POD is an
unsupervised learning method, which allows extracting the main
information of the data both during the pre- and real-time pro-
cesses. Bayesian update is employed to compare and compute
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the similarity of the occurring event with the scenarios from the
database in real-time.
3.1. POD

As explained in the previous section, POD is an unsupervised
learning method. The principle is that considering a water eleva-
tion n;. of a given scenario j and a given time #, we express it as
the truncated summation of spatial characteristics @, weighted by
a coefficient «, as in the equation below:

,
t . r_ & ot
" N;fbkak’j—d)aj (1)

Where 0/;. is the vector containing all the coefficients « for a
given scenario j at a given time z. The water elevation is expressed
as a truncated sum because only the r most significant terms are
kept. The matrix of spatial characteristics @ is common to all
scenarios and is determined during the pre-process. Thus, when
a tsunami occurs, by measuring its wave heights n,,, we compute
the coefficients @) as expressed below:

@ =, )
where ® is the pseudo inverse of ®.

The 5;( that were obtained are compared with the o/, of each
scenario at each time step by using a sequential Bayesian update.
3.2. Bayesian update

Bayesian update is a mathematical tool to evaluate the degree
of similarity between two data, using probabilities. In this case, it
is employed to compare the characteristics of the occurring event,
noted &, with the characteristics of each scenario of the database,
noted Ej, at each time step. The process depends on past time
steps. The conditional probability of a specific scenario E; is
expressed as below:

P(Ej|8t)— P(‘gt'E‘i)

-1
B S P (e |Ej)P(Ei)P(EJ e ) (3)

This probability is directly proportional to the likelihood of a given
scenario, which is expressed as follows:

1 1 .2
Ei)z — —— AL
£05) (2n)’|Pt|eXp( 2 J)

Where A’]. is the Mahalanobis distance, so to say the error between

)

Ef\, of the measured event and a';. of the database, and P! is the

posterior covariance. Here, P! is independent of time.

The likelihood quantifies the similarity of the event E; to the
occurring event at each time step. We call the normalised likeli-
hood the weight. At a time ¢, the scenario with the highest weight
is the scenario which has been having the most similar behaviour
to the occurring event.

4. Application
4.1. Conditions

We call “observation period” the time period during which
we measure the variations of the wave heights of the real-time
tsunami. The forecast is done using the information gathered over
this period only.

An ideal observation would be below 10 min. Thus, in this
study, we mainly focus on the results within the first 15 minutes.

The verification process is apllied using 80% of the data for
learning, 20% for testing, so to say 1417 learnt scenarios for 354
tested scenarios.

TAREZER FE25MIGANEY vRY U LEBEHMES (20225%58)

4.2. Results

To analyse the impact of the observation period on the accuracy
of the forecasts, we compare the maximum wave heights obtained
with the tested scenario and its corresponding selected scenario.
The maximum wave heights are detected along the whole time
history. The result for observation periods of 1min and 12min are
plot Figure 2 below. A “tested-selected” couple is represented by
a green dot.

Accuracy of estimated scenarios' maximum wave heights

Observation time = 1 [min]

= Ntest = Nprediction P

s ——- standard deviation - 0 = 0.57 -

MOST PROBABLE SCENARIO - maximum wave height [m]

2 4 6
TESTED SCENARIO - maximum wave height [m]

(a) Typs=1 min
Accuracy of estimated scenarios' maximum wave heights

Observation time = 12 [min]

= MNtest = Nprediction -
-== standard deviation - 0 = 0.3 RS

MOST PROBABLE SCENARIO - maximum wave height [m]

1 2 3 a 5 6
TESTED SCENARIO - maximum wave height [m]

b) T,ps=12 min

Fig. 2 Comparison of the maximum waves obtained according to
the observation period

5. Conclusion

We observe that when the observation period grows, the most
probable scenario varies. A general tendency is that the longer
this period is, the more accurate the data get, as we notice Figure
2 above. A deeper analysis will be led during presentation.
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Calculation Verification of Computational Model
for Simulation of Tunnel Excavation in Heterogeneous Ground

B SR GEKERR)  BE A GEKER) B &7 GEKER
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For excavation analysis of mountain tunnels, quantitative studies of numerical errors that are positioned as
calculation verifications in V&V (verification and validation) are presented. Conservative or average settings
are generally made in numerical model for the purpose of cross-section design of tunnels. On the other hand,
it is important to estimate the numerical error included in the model in advance for numerical models used in
data assimilation and digital twins utilizing measurement data, which are actively researched and developed
for practical use in the civil engineering field. In this study, focusing on the spatial inhomogeneity of the
material properties of the ground, the numerical errors were estimated caused by positioning of the boundary
of the analysis area, the size of the mesh and homogenizing the ground. These results confirm the importance

of calculation verification in V&V.

1. [ZLC&HIZ

V&V IZBT 3BT T VORBEOHELX B L LT-fif
MrfGE, 22— FRGES e snizmia— F2 A
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WA, FHH - BT — 2 AR LT =2 AT U4
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HIFFEBRRENEA TH D, WE N R A7 EOH TR D
PREIFEATIC B W T L ZatEm B To &8 bE B E L
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BAKI 228 PEDAEIT Table 1 174 &80 THS.
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Fig.l Reality of Interest
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Table 1 Material properties
RAE RKIE e/ IME
Yo 7R #[GPa] 2.0 5.1 0.9
N 0.28 0.26 0.33
PR £ [deg] 35.6 42.0 30.7
#7571 [MPa) 6.4 10.7 3.9

Table 2 Parameters of verification analysis
T ARLT 4 OREE

FRE 2.5m, 1.6m, 1.0m, 0.5m, 0.33m
FEBE S 45m (3D), 60m (4D), 75m (5D), 90m (6D)

displacement rate

=== 5D
—&e— 6D

151 —s=— 3D
—— 4D

—e— homogeneous(mode value)
—i— homogeneous(inverse analysis)
.

A

1.0 4
09 7
0.8 7

016 0l4 01z 010 008 0.06 004 002
mesh size [D]

Fig.2  Verification result
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Computational Efficiency of Stochastic Collocation Method
by Assessment of Dispersion of Brittle Crack Propagation
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Tatsuhiko INAOKA, University of Tsukuba
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Kenjiro TERADA, Tohoku University
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The contribution of this study is to validate computational efficiency of Stochastic Collocation method (SC method) by assessment of
dispersion of brittle crack propagation. The SC method, which is one of Uncertainty Quantification (UQ), is known to have a merit of
non-intrusive nature similar to the Monte Carlo method (MC method) that allows us to independently conduct stochastic and
mechanical calculations. In addition, the SC method provides us to evaluate the dispersion of a response affected by the uncertainties
with a few samples because of the orthogonality of the Lagrange polynomial and the Gauss quadrature rule. To represent brittle
fracture, a cohesive traction force embedded damage-like constitutive law, which enables us to incorporate a cohesive zone model in
the material constitutive law, is employed with Finite Element Analysis (FEA). The cohesive zone model is able to realize the stress
release process associated with brittle crack propagation after the maximum principal stress reaches local tensile strength. Thus, the
combination between the FEA and the SC method provides us to predict the variation in brittle crack propagation due to the
uncertainty in the local tensile strength. By comparing with the result of MC method, the capability of the SC method is demonstrated

ORBWHEEALIAZR BRANEEER

throughout assessment of brittle crack propagation.

1. #E
HREED IR 2 Z RO 722X, VAT 40—k
DERIREEIND LI BRERRA T FOERE
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PERRERIZ % 2 R RVEORERIZIE, JRETH 72 BHRE O
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N 5.
FHEEMEDN RF 3B LRI TR 572912 UQ
(Uncertainty Quantification) 23fHWVWHN 5. iz, &K
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nNoa. —%, Tr7TANuEE R LT, BB X
OEHE S EE WAL T 25 UQ & L Tk 3 G i 1% sk
(Stochastic Collocation method: SC method)[1] 23 %R SN T
W5, MERFRAIEESIEIY Lagrange Z AN Tl S 7=
IGE WA L C, Gauss RKFEZH WD Z & THHESL
FHmS 5.

T ZCARBISE T, MattBZER OIS O X Tl
LHERRR AL E R 5. BRI, Mtk
BRI X DM BHNES OIS SR FR 2 R BL L 72 ik & 1 H5A
RIS G RE R RI2] 284 5. £, BT Abrik
B L ORERGRINESIELZ VT, BIIEMR S B X O b2
WX 2 JRETRO 7 A BB B O AR e SE M O B A W R R A
L. BB, BUTANAIRICE DR OB EZEL T,
MESREMAY B RE & R W ISR FH R O IR MER KON E %
P 5.

2. HERMBEUEOBIE(
M A ez k¢, HAfEzE R,
z = g(x) M

LEINDERETS. 22T, sERMITEHEON N E
HLOT U HLANNNRT A —HThDH. Lagrange ZHR
Ltk =1,....,M) 2 ]\ % &, e il i 8(0 13

q q M
g@)~ e ) g, A [ [ L
=l =1 . k=1

S ] o . {x*}7 _ _

LEElTE S, 7L, Yelasygxdk=1,..., M, x € R)
BT 288, BLOIRESOETHD. FFiZ, %MNIE
HROAAIZE S EGE, EAIT Gauss-Hermite *RFEDFE Iy
LRICIZAR .

Tl REHAIEESIEIC BV TIE, Lagrange 2 L » TFE
S5 MR IS i H 8Ok LT Gauss sSKEEZ#IST % =
L CTHOWEFEEDROICFHUET 5. Lion> T, FY
I u B L O E o,

q

3 g )

i1=1 ipg=1

q q
P Z Zw’ll A T A D) ST

@

3)

“)
i=1 iy=1

kg ix\q
rEsns. oo, Oliage s e s s
Gauss RFECOELTH H.

3. BIEREFHI

AEAE AT BIRE CIE, A F7 AR ML IR 4% BRI [2]
ZERAL, 3 SR EBR A 2 E U 7 etk ik AT %
EWiT D, Fm, BT hARERXOHRRRAAESY
T, MEOFEME S BT 2 RF EFHE O MR &
OMBEEMBROIZ L& T 5. 720, KRR
WTHWLARERZETF LI I OERSEAK 1, B
FTA—HEDELOEEEBETLIBERERCTCHLT VT 47
V=K 2, BLXOMEBIORFTHZREIRR S Ot &S
F1ITRT.

FT HNRIEIC X D BIER S OFHER K O
BT DM BEREOIRME AR 3, B X OMRRIES
BIC L DHEHEHEICET AR AR 410777, K3 X

- 2C12-20-08 -



2C12-20-08

Forced

Displacement
60
' . ) 021
Fig.1 Numerical with boundary condition Fig.2 Active zone

Table 1 Statistic value of material parameter

ORBWHEEALIAZR BRANEEER

Statistical Mean Standard
distribution # covariance
Local
. 100[MP

tensile strength Normal 600[MPa] [MPa]

215 30
—Mean u =
""" Standard covariance ¢ g
[
= 210 25 o
g W e ettt s S e o et e s §
= g
g ]
g 205 20 =
=
=
&
v

200 15

0 2000 4000 6000 8000

Number of sample points

Fig.3 Convergence of statistic calculation using MC method
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Fig.4 Convergence of statistic calculation using SC method
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Displacement[mm]
Fig.5 Dispersion of load-displacement curve
obtained from MC method and SC method
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Modeling of Photoacoustic Wave Generation and Propagation
Using Finite Integration Technique and Its Experimental Validation
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Akihiro MIKI, Ehime University
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When a short pulse laser irradiates on the surface of solid, ultrasonic wave generates by the photoacoustic effect.
In this study, the phenomena are numerically modeled using a discretization scheme of the finite integration
technique. The heat transmission is calculated by solving the heat conduction equation, then the effect is
incorporated into the Duhamel-Neumann's relation. The numerical result of ultrasonic wave propagation is

validated with experimental measurement.

1. [FCHIC
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Fig. 1 Allocation of physical nodes in the FIT for coupled
analysis of wave propagation and heat transmission.
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Fig.2 Comparison of numerical result of the heat transmission
with analytical result obtained by Green’s function.
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Table 1 Material properties of aluminum and water.

Material Alummium  Water
Density p (kg m™) 2688 996.6
Longitudinal wave velocity ¢; (m s™) 6400 1470
Transverse wave velocity ¢ (ms™) 3150 -
Linear expansion coefficient (K™ 231x10° 1.00x10™
Specific heat ¢ (T ke K™ 905 4179
Thermal conductivity k (W m' K™ 237 0.6104

TARZR E25AMANEY VRY T LEBEBRES (2022458)

' Laser Laser

lmm

' Water

4mm e
X2 o
X <
Smm "
(@) ®)

Fig.3 (a) Numerical model A (laser irradiation in air),
(b)numerical model B (laser irradiation through water)

to=7ns TH YV, L —F — B 4 5863k 1X, ro=0.428mm ,
X1=Xc=2.5mm, x2=4.0mm &L7-.

ETVA L B O R%E Fig. 4(a) & (D)ICENZE IR
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— P —Z R L72BAIC T, xe FIENAEI D ek o
RIEARE V. Zhud, KB EMICEET D2 LT, B
BRI Lo TRA LIS Cx L CRABFRET D720, B
SHMOBEICIPKEL 22120 THDHEEZD.

Aluminum
0 s 2x10° 0 p—— 6=10°
a|Pa) ofPa)
(a) (b)
Fig.4 (a) Snapshots of wave propagation in models A and (b)
model B (plot of Mises stress at 480 ns after laser irradiation).

Aluminum
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FEMICE B LETHKXENRFADI-HDNEETILOEE
Construction of surrogate model for rapid prediction of
rainfall-induced landslide in wide area

SAE R GRIER)

A0 FZ GRIER) <P B GRAER)

Kenta TOZATO, Tohoku University
Shuji Moriguchi, Tohoku University
Kenjiro Terada, Tohoku University
E-mail: kenta.tozato.t2@dc.tohoku.ac.jp

This study presents a framework for rapid landslide prediction over a wide area using pre-computed results of
infiltration analysis, surface flow analysis, and three-dimensional limit equilibrium-based slope stability analysis.
Several simulation cases are performed under the different rainfall scenarios, and a surrogate model is constructed
with the help of the Kriging method. The proposed framework was applied to a landslide risk analysis in
consideration of an actual terrain data. Obtained results indicates that the proposed framework has high potential

for rapid landslide risk analysis over a wide area.
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BY, 2LOAN, BENHEEIFEEL TV, EEDOH
TliX, 2018 FEDVHHARSEM T 2081 £, 2019 FHHAA &
T2 HFOTWRENBA SN TED, ZD LS RTrPKE
FIZ X3 W ERRMET B-0120F, EWEENFAEZA
ReRy 2 DR TRIFTRE R BT RETH 5. B EICE
A EMKEOFEMNRY 7 LR A APETFTHE LTI,
SRT DLW R ELHHE R v > 2GR (FF 7 1LD—E8)
BEIT LN, BEITOFETE, EIOMNEHEMTO L
W FEREFTMETCONMREITE L TE ST, FHE-
HESNHZEEDNENREED T IEEIN TR
W, LR IR EEE LY 7L 2 4 AT OR
A DD yHEXATVDE SO0, RHEIfAE D& THIFEE
PRETLEBENAREENBPRAINZ LY, BER
BES 2L —arhr ol EWA T+ LT
SEMFEFHICERSATORVWE WS ER®XH S, 20
72 DARFETIE, MK B ILBOME Y 2 27 5HHicBE L
T, HJE - B SetF %2 B 8 L 72 KT - J 2R 304 2 B
REICRIBE Y T A MHAREEL, EELREMES I 21—
TarhoBon 3 EMEMBMNICIEAARER FIEERR
T b, EHMEENRY LEKRIEZELCT, Z0OH
LR 5.

2. BERIRFE

AW T, RSN, MR, RHH L E RN 217
5 Z T, BMICX 2RO WK ERGRE % FHE$ 5.

¥3, BBEMTITOWVTIE, Green Ampt E 7L 3 2
TN Z RS 2. i oKDy E%ZEAFEKE L GIHAEK
D2 OTHELMWICERET 2 | X7 LTHD, H
KEPSDRBHDEZX L LTRBOMTE2RHET 2. #Hh
RIMATIZOWTIX, Diffusion Wave € 7L % F W 7= fifif &
Eiid 5.

ML EMRHT T DOV TIE, 3 TR FEEED | DTH
% Hovland # ¥ Z F W =R E MR 2 L 72, BeR
FiE#gheiEiihotte LT, UToksickRIhb.

pe 2i X j{cA+ (Nij —u;;A) tan ¢}
- %%, Tij '

ZZT, i, RN EDES, T;; PEAMNOKRE X,
Nij MPEEHDOKE X, Wi BEHER, c BN, AW

1

THOFTNDHOME, u;j 2 HEBUKE, ¢ 23NHERA %
RLTWS, KRFFETIE, INDEEHEMEEL, §XD
HDOIRE WL DDZELE B Z e TREROFI 21T
F 72, MBUKEICDOWTIE, EROREHOES OfE% H
WV, TARDHAOESIPRBARSICHARN TN WEEICT
N EERZXTOBBKEEEZ 3 L

3. REEFILOEBE

AHFFETIE, FRNCHERN S F VAR EBHREL T—HD
AT % R L, RIEmNEDEM DT g; ¥ BRELDZEM S
fi f; DAHNBEREF —ZRX—22 3%, ANWTH2EH
AN EDICOWVWTIE, RITHEN D20, EHETSRE
AL, FEDOKE X ;LI POD R L FER) DFE TR
Bya. 20 (o fi)i=1,..,N)N : @R O AN
F—RED, TEOMKNYF VA TORERDZERIIHD
REEFVE, BEAMNEFEHOETUTO XS ICRET 3.

N
fl@)=> wila)f; @
i=1

IIT, wi BNEATHY, flo) WEEDOKERS F I ATD
TRBDEMSTH 5. AW TIE Kriging®) % WT2
DEAZRET 5. Kriging 1, FHEEOITWEHRIEDF—&
DR E LB RO v w5 2RI B & A LT 2EM
NEFEEITS FETHDY, EooxEbETHIBEZITS Z
ERTEZ L WS RHELED 3.

ARFFETIX, POD FREZERICB W T EY R LR % HHHE
ELTHiIMZEML, 2OEAZR Q) THWA I TXE
BomrEET 5. FEOBNTOT -2 LT, ¥
FTUTNARA LFHETRBEARI OZE S HiErBEHL, #
HiFTE O BB E R 7R TE SN2 22/l E — K 5 POD ££5(
BTN L2, R Q) 1IcRAT 5 Z & THIRW
WKEEROEM I ERD 5.

4. FHRMBEIH

ARMFFETIE, 2019 FOHEHAARE R THRARFEIHEZR I N
ETFREATO—HMOMEBE NRERE L GEEL, —
HOMAM 21T 5. fEBOY 4 X1 lkm X 1km TH b, HiE
F— X DZEMBRSEE Sm & L TEREL 7=,

F72, BMREFICOWTIE, Figl D& 5, —EDMHEE
THIMT % X 5% 8 DORMANER L THEMZITV, T
NODREEMAED T —XR—ZAL LTHEELZ.

- 2B13-18-01 -



OABHEEATIARER BANFEESR

2B13-18-01

7z, ZEMAMICOVWTIE—RkE L. ¥7%, MAEHT—X
12, 2019 FOHEHARRERD 7 X X ZHHl7— 2% AW,
ZOfMfER e REEFTLVOMEE LK T2 2 2 TZYM%
DAL EATS.

&
— —— Training data 1
=3 — Training data 2
% = —— Training data 3
—— Training data 4
ég ] —— Training data 5
= —— Training data 6
oo ..
B=g) — Training data 7
g Training data 8
s Test data
15}
o}
=
(=W

20

0

0 10 20 30 50 60 70

40
Time [h]

Fig. 1 Time-series rainfall data for training and testing.
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Fig. 2 Comparison of simulation and surrogate model.
(Mean factor of safety and number of failure points)

5. R

MRAEF DRERR A N> Mg LT, #EL 2B
FAMERBES I 2L —YavickoTELAZRERIC
DVWTHEZITS. £7, HEBEROREFDOTLHHEL %
2R 2 TE M AMORBEICOVWTRK2 IIRT. £
7z, MEERARERNA XY METRATO, ZLROEMD T
ER3IRT. IR rLb2B LI, REET
N EoTHES I 2L —YaviERe BBUhRBETE
TWB I eHERTES. K2 DEERK 1 % TE 2 HiEK
PRTH, FLAY—HLTWEZh5, KR ZATE
FBEEREDEICOVWTHREET NI > TRETE
TWB Z e PHERTES.

MEDEEZRVIN R ZENICOWT D, FEBMRTFy S 128
WT 5% BEr 22226, MAREEFTMLICL> TR
HTETWB IR TE S, BEHENEDZEM /WO
FH S POD REOEH, EADFHICIKIFZLAYEHEaR
P3Nz ers, REEFLVEHVWEZETED
SR e RV 22 B R DR R R BIREIIC B 3 2 v 2T HE
TH 5.

TAREZER FE25MIGANEY vRY U LEBEHMES (20225%58)

‘J“ Factor of

Safety
1.2
1.0
(a) Result of numerical simulation 0.8
xml 200 0.6
Elevation 69 0 400 — &0
[m] 0
300

200
100

(b) Result of surrogate model

Fig. 3 Comparison of simulation and surrogate model. (fac-
tor of safety distribution: Time :31 h)
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Efficiency improvement of PINNs inverse analysis by extracting spatial features of data

Hr AR Ouiik - 1)

SeH A Uk - 1)

A OB Uik - 1)

Shota DEGUCHI, Kyushu University
Yosuke SHIBATA, Kyushu University
Mitsuteru ASAIL Kyushu University
E-mail: deguchi@doc.kyushu-u.ac.jp

Increasing frequency of heavy rainfalls have been drawing attention to expected flood and sediment disasters,
which are often modeled as single-phase flow for simplicity; however, it is challenging to estimate the
equivalent material parameters as empirical laws and man-powered iterations are introduced. In this context,
we focus on PINNs (Physics-Informed Neural Networks) applicability to inverse problems and investigate the
improvement by data sampling measures. We present its accuracy is improved with the use of POD (Proper
Orthogonal Decomposition) to extract spatial features, instead of the conventional random sampling.
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Fig. 1 Problem setup
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Fig. 2 Schematic of proper orthogonal decomposition
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5. fEMTHER

FGUHE LYY 7 POD Y7 T & B
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p, VONHIE & FEUERAE % Table 1, 35 O8N Table 2 IZ7RT.
Table 1, Table 2 LY, F> X L% 7Y 7L POD ¥
TV T OMmME T, vONEME (p=10kg/m3), v=
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Table 1 Summary of density (p) estimate
(Mean + standard error X 10~°)

p Random POD (Ours)
Estimate (kg/m?) 1.0128 £+ 1.37 1.0117 £ 1.14
Error (%) 1.28 1.17

Table 2 Summary of kinematic viscosity (V) estimate
(Mean =+ standard error X 10~%)

v Random POD (Ours)
Estimate (m?/s) 0.01128 + 7.62 0.01106 + 8.58
Error (%) 12.79 10.62
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Improving sequential Bayesian update for tsunami scenario detection
by using geodetic data learning
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In this study, we investigate the effectiveness of geodetic data monitored by GNSS (Global Navigation Satellite
System) as the prior learning to observational ocean data for the improved tsunami scenario detection. For the
case study targeting Nankai-trough, 600 earthquake/tsunami scenarios are generated by GeoClaw and fakequake
software. With the synthetically generated geodetic displacements by fakequake software, we examine the
reasonable initial probability setting which is prior to the learning on the ocean wave data.

1. Introduction

Tsunamis are one of the most significant coastal risks in the in-
ternational community. Especially in Japan, which is frequently
threatened by earthquakes and its subsequent tsunami inundation,
considerable attention has been paid to the expected Nankai-Trough
earthquake and tsunami in the next few decades, which will be
an event with extremely short evacuation time (<30 mins) for the
residents. Although there have been many tsunami forecast sys-
tems proposed, there is still room to improve minimizing the un-
certainties relevant to the deterministic numerical simulations or
erroneous/noisy data acquired in real-time.

This study examines the utilization of geodetic data, which can
be obtained immediately after the fault rupture by GNSS (Global
Navigation Satellite System), as the prior learning to in-situ ocean
data along the lines of the previously developed tsunami scenario
detection method"). For that purpose, we set up 600 scenarios
of fault ruptures and subsequent tsunamis, targeting the Nankai
trough. In addition to the tsunami wave history data sampled in
some synthetic ocean gauges, geodetic displacements supposed to
be monitored at 18 GNSS stations are synthetically generated by the
fakequake software¥->) . With the database, we examine the reason-
able initial probability setting for the sequential tsunami scenario
detection methods.

2. Earthquake and tsunami scenario generations

The fakequakes software?-3-% is used to generate 600 synthetic
kinematic slip distributions for Nankai-trough-going ruptures along
with the corresponding seafloor deformations. Fig. 1(a) shows one
of the slip distribution generated under Mw 8.3 situations. Fig. 1(b)
and (c) shows the snapshot of the fault rupture, which are calculated

(2) (b)

Slip for rupture nankai_81_000021, Mw 8.17

Seafloor at time t = 33

from Okada model®). We choose 18 locations that are identical to
that of GEONET®, as shown in Fig. 2(a). The nearest stations
to KOCHI city, where are threatened by the huge tsunami risk
triggered by Nankai mega-thrust, are also provided in Fig. 2(b). In
those points, geodetic motions in every 3 directions, North-South,
East-West, and vertical are synthetically generated at 1.0 Hz with
1024 seconds data duration based on Green functional methods.

The subsequent tsunami propagation and inundation are realized
by GeoClaw”), as shown in Fig. 2(c) and (d). The 4 hours wave
history data are sampled at 5 seconds for POD and Bayesian update
scheme. Fig. 2(d) shows the wavefoam data calculated at the
black dots described in Fig. 2(c). We can understand that the first
waves do not reach those offshore gauge locations when the GNSS
sampling durations are indicated by the blue region in graphs at
Fig. 2(d). From that, we can expect that GNSS data can provide
rich information for scenario detection before the offshore wave
observations.

3. Geodedic data as the prior information for offshore
observations

According to the previous method!), we detect the most probable
tsunami scenario from Ny pre-computed tsunami scenarios based
on the following Bayesian theorem:
P(e™ | E))
Ns
2.0 P(eW | E)P(E))

PE; D)= PE;j 17Dy (1)

Here, Ej represents the event that the tsunami equivalent to the
Jj-th scenario occurs. Also, £(") means the events that we ob-

(©)

Seafloor at time t = 134

36
359
4 34 4

334

N
Slip (m

324

314

304

36

359

34 4

33 A

324

314

30 4

9
128 130 132 134 136 138 140

29

wlo oA 30 38 40 08 420 a3l A 436 38 a0

Maximum uplift 0.54m
contour interval 1.0m

Maximum uplift 0.69m
contour interval 1.0m

Fig. 1 Example of the synthetic fault rupture generated by fakequake and Okada model
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tain some kinds of information related to the occurring tsunami.
Since P(A | B) means the conditional probability of A given B,
P(E; | &) means the probability of j-th pre-computed tsunami
scenario would be the occuring events. Here, the recent ocean ob-
servational network, such as DONET, would realize £ to be the
sequentially updated information per dozens of seconds. The con-
ditional probability P(E; | £(®) can be updated by the following
formulation:

At the first step of the Bayesian update, we can impose the
uniform probability 1/Ng on each tsunami scenario according to
the principle of insufficient reason. However, this prior probability
can be determined more reasonably if we can rely on geodetic
information measured immediately after the fault ruptures. In fact,
the geodetic data reduct the high sensitivity of the offshore gauges
located along the main tsunami propagating path in the process of
machine learning done by Makinoshima et al.%) |

For that purpose, we attempt to improve our previous tsunami
scenario detection method by setting the prior probability at the first
step of (1), P(Ej | 8(0)), as some function of the geodetic data.
Our POD type learning method is also applicable to the full-time
series of geodesic motion. But also the representative information
extracted by those histories, such as the maximum displacement
or the total displacement at the final step, will be sufficient for the
learning.

4. Conclusion

In this study, we attempt to set the prior probabilty at the in-
tial step of Bayesian update as some function related to the syn-
thetic geodedic data generated by fakequake (MudPy) software.
The predicition accuracies will be discussed with the quantative
indecese such like the maximum wave heights in the presentations.

a
( ) 130°E 135°E 140°E 145°E (b)
HEE 005
€ 0.00
~ . = -0.05
ao°n| 1
E: o/
.
—  0.025
£ 0000
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€ 0.00
= -0.05
20
15 E
1.0 <
H
1Y)
05 §
3
00 @
Es
05 %
= — 0.1
-1.0 E
= 0.0
15
2.0

Fig. 2 Synthetic GNSS data : (a) Locations of geodetic
generated by fakequake(MudPy) software
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This paper presents a 2-D elastodynamic inverse scattering analysis using deep learning for multipoint
measurement data. The convolution quadrature time-domain boundary element method (CQBEM) is utilized
to obtain scattered waves at multi-receiver points. A supervised learning is implemented to estimate the position
and size of a cavity. Numerical results show that our proposed method can estimate the position and size of a

cavity in a 2-D elastic solid.
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Fig. 1 Analysis model for CQBEM and inverse scatt'éring
technique using deep learning.
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Fig. 2 Time variations of the received waves at multipoint
(r = 1.5a,%;, = 4.5a,x,, = —5a).

Fig. 3 Color map of Fig.2 (r = 1.5a,x;. = 4.5a,x,, =
—5a).
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Fig. 4 Estimation of unknown cavity position and scale using

CNN based inverse scattering technique.
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Estimation of cross-sectional characteristics by machine learning
for evaluation of additional stress due to shear lag
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The distribution of bending stress along the direction perpendicular to the bridge axis on the flange of beams with
a wide flange is not uniform due to shear lag. In the design of beams, the additional stress due to the shear lag is
considered by reducing the bending rigidity by the effective width. However, it has been known that the shear lag
is not caused by bending but by cross-sectional deformation associated with shear deformation. In this context, a
beam theory with a degree of freedom of cross-sectional deformation due to shear is proposed to evaluate shear
lag effect. While the beam theory considering cross-sectional deformation has been known to estimate shear
lag effect accurately, a finite element analysis of representative volume of cross-section is required to obtain a
couple of additional cross-sectional parameters. In this study, we propose a method to estimate the additional
parameters using multiple regression analysis and Gaussian process regression. The accuracy of the proposed

method is confirmed by a set of test data.
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A surrogate model of homogenized elastoplastic constitutive model
using RBF interpolation
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Yosuke YAMANAKA, Tohoku University
Seishiro MATSUBARA, Nagoya University
Shuji MORIGUCHI, Tohoku University
Kenjiro TERADA, Tohoku University
E-mail: yosuke.yamanaka.s7@dc.tohoku.ac.jp

We propose a new surrogate modeling for homogenized elastoplastic material behavior. At first, to obtain
the macroscopic stress-strain relationships, we conduct numerical material tests on a representative volume
element (RVE) by giving the various patterns of macroscopic strain. Arranging these macroscopic material
responses and performing some algebraic operations, we obtain a data set that represents the macroscopic
constitutive relationship of the RVE. Using this data set, we construct a surrogate model by means of radial
basis function interpolation with taking the step of the optimization of hyperparameters. In the presentation,
surrogate computations of the load / unload problem of an elastoplastic material are carried out to verify the
applicability of the proposed method.
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Material A
Material B
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Table | #MEANTA—%
Material A Material B
Young’s modulus [MPa] 800 1200
Poisson’s ratio [-] 0.2 0.2
Yield stress [MPa] 4 -
Linear hardening coefficient [MPa] 30 -
0.34 Optimized Parameters
0.32 B=3.58x1072
0.30 n=173%x10"
w 0.28
0.26
0.24
0.22
0.20
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