Sat. May 28, 2022

Meeting room A

Regular Session | General Session (1. Mathematical analysis for
mechanics problem: forward- and inverse-modeling in civil engineering)

%1 5MO
BER:BHH RIZ(OLMEEKRE)
9:00 AM - 10:30 AM Meeting room A (Online)

[2A01-06-01] A method for searching an optimal shooting
condition of DIC measurement based on
response surface methodology
*Takumi Ashida1, Hiroto Masui1, Mao

' (1. Ibaraki University)

Kurumatani
9:00 AM - 9:15 AM

[2A01-06-02] Corroded Surface Prediction of Weathering
Steel Plates under Different Corrosive
Environments Using Generative Adversarial
Network
*Feng Jiang', Mikihito Hirohata' (1. Osaka
University)
9:15 AM - 9:30 AM

[2A01-06-03] Extension of Internal Structure Diagnosis of
Concrete Structures Using Digital
Hammering Inspection and Machine
Learning
*Takashi Matsunaga1, Ryota Ogawa1, Mitsuyuki
Sagisaka1, Hiroaki Fujiyoshi1, Motomu Ishii1,
Yoshihiro Isobe1, Sinobu Yoshimuraz, Tomonori
Yamada® (1. Nuclear Fuel Industries, Itd., 2. The
University of Tokyo)
9:30 AM - 9:45 AM

[2A01-06-04] MACHINE LEARNING BASED NONLINEAR
PARAMETER IDENTIFICATION FOR HIGH
DAMPING RUBBER BEARINGS
*Katrina Mae Santiago Montes1, Ji Dang1, Yuqing
Tan?, Akira Igarashi?, Takehiko Himeno® (1.
Saitama University, 2. Kyoto University, 3.
Kawakin Core Tech Co.)
9:45 AM - 10:00 AM

[2A01-06-05] Application of Physics-informed Neural
Network to Ground Consolidation Analysis
*syouki katabira' (1. Tsukuba University)
10:00 AM - 10:15 AM

[2A01-06-06] A Fundamental Study on Estimation of
Relative Permittivity Distribution in

Concrete Using Ensemble Kalman Filter
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*Yoshihito YAMAMOTO1, Kota KUBO1, Shunpei
FUJIMORI" (1. Hosei University)
10:15 AM - 10:30 AM

Metting room B

Regular Session | General Session (2.Computational Mechanics)

2 MO
ER:HI A (REKE)
9:00 AM - 10:30 AM Metting room B (Online)

[2B01-06-01] A variational formulation of crack phase-
field modeling for ductile fracture equipped
two damage variables
*Jike Han1, Seishiro Matsubaraz, Shuji
Moriguchi1, Kenjiro Terada' (1. Tohoku
University, 2. Nagoya University)

9:00 AM - 9:15 AM

[2B01-06-02] Crack Propagation Analysis in an
Embankment by Peridynamics focusing on
Maximum Acceleration and Frequency of
Input Seismic Wave
*Taiki Shimbo1, Muhammad Khairullah Bin
AdIan1, Tomoki Kawamuraz, Yutaka Fukumoto®

(1. National Institute of Technology, Ishikawa
College, 2. Godai Kaihatsu Corporation, 3.
Nagaoka University of Technology)

9:15 AM - 9:30 AM

[2B01-06-03] Random Vibration Analysis of Subway
Tunnel Excited by Running Train
Kazuhisa Abe1, *Kazuki Sato1, Kazuhiro Koro'

(1. Niigata University)
9:30 AM - 9:45 AM

[2B01-06-04] Boosting an explicit and semi-implicit SPH
code with dynamic load balancing
parallelization on many GPUs
*Haruki OSAKI', Daniel Shigueo MORIKAWA,
Mitsuteru ASAI" (1. Kyushu University)

9:45 AM - 10:00 AM

[2B01-06-05] An Extended SIMP Method for Topology
Optimization of Brittle-ductile Composite
Structures
*Mutsuki Fujiwara1, Hiroya Hoshiba1, Koji
Nishiguchi', Junji Kato' (1. Nagoya University)
10:00 AM - 10:15 AM

[2B01-06-06] Implementation of the method of

fundamental solutions to anti-plane wave



problems of anisotropic materials

*Akira Furukawa1, Kosuke Matsumuraz, Takahiro
Saitoh®, Sohichi Hirose* (1. Hokkaido
University, 2. Kumagai Gumi, 3. Gunma
University, 4. Tokyo Institute of Technology)
10:15AM - 10:30 AM

Meeting room C

Regular Session | General Session (3.Mechanics of materials and complex
phenomena)

B3 EHMO
ER:FH FS(LAOKXE)
9:00 AM - 10:30 AM Meeting room C (Online)

[2C01-06-01] Analytical Modeling of Bentonite Extrusion
of Crack in Rock Fracture
*Yuya Kaneuji1, Masanori Kohno' (1. Tottori
University)
9:00 AM - 9:15 AM

[2C01-06-02] Analysis of Water Molecules and Cations
Distribution in Montmorillonite Interlayer
by Molecular Dynamics Simulations
*Itsuki Morimoto1, Kazushi Kimoto1, Katsuyuki
Kawamura® (1. Okayama University, 2. Tokyo
Institute of Technology)
9:15 AM - 9:30 AM

[2C01-06-03] Fundamental Study on Geotechnical
Physical Modeling with Laponite as
Transparent Clay
*Hideto Nonoyama1, Yoshihisa MIYATA! (1.
National Defense Academy)
9:30 AM - 9:45 AM

[2C01-06-04] Numerical Simulation of Unsaturated Cyclic
Shear Test Considering Enclosed Air in Void
Water
*Takaki Matsumaru1, Toshiyasu Unno? (1.
Railway Technical Research Institute, 2.
Utsunomiya University)
9:45 AM - 10:00 AM

[2C01-06-05] Effects of Particle Size Distribution on Run-
out Distance of Sediment Flows
*Shuji Moriguchi1, Daiki Watanabe', Kenjiro
Terada' (1.Tohoku University)
10:00 AM - 10:15 AM

[2C01-06-06] Bi-disperse granular flow down an inclined
plane studied by 2D discrete element

simulations
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*HAORAN JIANG', XIAOYU JIANG', TAKASHI
MATSUSHIMA' (1. university of tsukuba)
10:15 AM - 10:30 AM

Meeting room D

Regular Session | General Session (4.Fluid mechanics)

554 EM®
ERFHE ah(LEKRE)
9:00 AM - 10:00 AM Meeting room D (Online)

[2D01-04-01] Development of physical phenomena
based hydrologic model employed
monolithic technique for combine different
hydrodynamical equations
*Norihito Takahashi', So Kazama? (1. CTI
Engineering Co., Ltd., 2. Graduate School of
Engineering, Tohoku University)

9:00 AM - 9:15 AM

[2D01-04-02] 3D Numerical Simulation of Lateral
Overtopping Flows in Curved Channel
Using Boundary Fitted Coordinate System
*Qiyun Pang', Shinichiro Onda' (1. Kyoto
University)

9:15 AM - 9:30 AM

[2D01-04-03] Drainage function of vertical pipe flow due
to artificial spiral flow
*Youichi Yasuda1, Tetsuta Murano® (1. Nihon
University, College of Science and Technology,
Dept. of Civil Engineering, 2. Nihon University,
Graduate School of Science and Technology,
Dept. of Civil Engineering)

9:30 AM - 9:45 AM

[2D01-04-04] Numerical study of the interaction of the
flow around two Savonius turbines with
phase differences
*Akiko Minakawa1, Tetuya Kawamura® (1.
Ochanomizu University, 2. The Open University
of Japan)

9:45 AM - 10:00 AM

Regular Session | General Session (5.f SRR E— ST EKBZN S AR
2 T)

855 B
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9:00 AM - 10:15 AM Meeting room E (Online)




[2E01-05-01] A consideration on compound degradation
of tunnel lining cracks for cold region
*Kazuhide Kamuro1, Atsushi SUTOHZ, Takashi
SATO® (1. CTl Engineering Co., Ltd., 2. Tohoku
Institute of Technology, 3. Civil Engineering
Research Institute for Cold Region)
9:00 AM - 9:15 AM

[2E01-05-02] Anomaly Detection of River Revetment for
Individual Blocks Using Variational Auto
Encoder
*Yukino Tsuzuki', Ryuto Yoshida', Junichi
Okubo1, Junichiro Fujii1, Takayoshi Yamashita®

(1. Yachiyo Engineering Co., Ltd., 2. Chubu

University)
9:15 AM - 9:30 AM

[2E01-05-03] Study on Data Augmentation Method for
Detecting a Wood Broken Sound by using
CNN
*Mayuko ONO', Tsukasa TAKEMORI1, Masayuki
SAEKI" (1. Tokyo University of Science)
9:30 AM - 9:45 AM

[2E01-05-04] Analysis of covariate shift reduction for
stable damage detection in infrastructure
images
*Ryuto Yoshida1, Yukino Tsuzuki1, Junichiro
Fujii', Takayoshi Yamashita? (1. Yachiyo
Engineering Co., Ltd., 2. Chubu University)
9:45 AM - 10:00 AM

[2E01-05-05] GPU-accelerated Three-dimensional
Seismic Soil Liquefaction Simulation and its
Surrogate Model
*Ryota Kusakabe1, Tsuyoshi Ichimura1, Kohei
Fujita', Muneo Hori?, Lalith Wijerathne' (1. The
University of Tokyo, 2. Japan Agency for Marine-
Earth Science and Technology)

10:00 AM - 10:15 AM

Meeting room A

Regular Session | General Session (1. Mathematical analysis for
mechanics problem: forward- and inverse-modeling in civil engineering)

B 18M
B iR R (ALBIEKRS)
10:40 AM - 12:10 PM Meeting room A (Online)

[2A07-12-01] The relation between the randomness and
un-differentiability in the Stochastic Proces

*Tadanobu SATO" (1. Kyoto University)
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10:40 AM - 10:55 AM

[2A07-12-02] Accuracy Evaluation of Landslide
Simulation using Depth Integrated Particle
Method
*Fazlul Habib Chowdhury1, Takashi Matsushima'

(1. University of Tsukuba)

10:55AM-11:10 AM

[2A07-12-03] Application of Meta-Modeling Theory to
Thin Curved Beam Using Curvilinear
Coordinate System and Perturbation
Expansion
*Muneo Hori', Kohei Fujita® (1. Japan Agency
for Marine-Earth Science and Technology, 2. The
University of Tokyo)
11:T0 AM - 11:25 AM

[2A07-12-04] Effect of Tapered Form and Hollow Cross-
Section on Self-Buckling Resistance
*Tohya Kanahama', Motohiro Sato' (1.
Hokkaido University)
11:25 AM - 11:40 AM

[2A07-12-05] Study on the Mechanism of Structural
Member Damage due to Snow Cap Load
and the Countermeasure
*Tatsuya Kurihara', Ryuta Yaguchi', Yoshihiko
Nagahama', Masayuki Saeki? (1. TOKYO
ELECTRIC POWER SERVICES CO., 2. Tokyo
University of Science)
11:40 AM - 11:55 AM

[2A07-12-06] A consideration on quantification for tunnel
lining cracks using Fractal analysis
*Sutoh Atsushi' (1. Tohoku Institute of
Technology)
11:55 AM -12:10 PM

Metting room B

Regular Session | General Session (2.Computational Mechanics)

25O
Bk BREBAF)
10:40 AM - 12:10 PM Metting room B (Online)

[2B07-12-01] Eulerian-Lagrangian Approach for
Interactions between Fluids and Multiple
Deformable Swelling Objects using Mass-
Spring Model

2

*Niku Guinea1, Daisuke Toriuz, Satoru Ushijima

(1. Kyoto University, Graduate School of



Engineering, 2. Kyoto University, ACCMS)
10:40 AM - 10:55 AM

[2B07-12-02] Multiphase computation method for
freezing and melting of water with natural
convection including density inversion
region
*Kazuki Nishimoto1, Ryota Motonishi1, Daisuke
Toriuz, Satoru Ushijima2 (1. Graduate School of
Engineering, Kyoto University, 2. ACCMS, Kyoto
University)
10:55AM - 11:10 AM

[2B07-12-03] Development of a Curved Bernoulli-Euler
Beam Element using NURBS Basis Function
*Naoko Karasawa1, Hiroshi hasebe' (1. Nihon
University)
11:10 AM - 11:25 AM

[2B07-12-04] High-resolution Multi-scale Topology
Optimization Using FFT-based
Homogenization
*Masayoshi Matsui1, Hiroya Hoshiba1, Ogura
Hiroki?, Junji Kato' (1. Nagoya University, 2.
Shimizu Corporation)
11:25 AM - 11:40 AM

[2B07-12-05] Gas-liquid two-phase flow simulation with
finite volume method based on building-
cube method
*Masashi Morishita1, Koji Nishiguchi1, Tokimasa
Shimada?, Tetsurou Tamura® (1. Nagoya
University, 2. Kobe University, 3. Tokyo Institute
of Technology)
11:40 AM - 11:55 AM

[2B07-12-06] The effects of the difference in the attack
angles on the bulging vibration for SUS
panel tanks
*Kouta Shirai1, Taisuke OnoZ, Hirokazu Hirano1,
Naotugu Sato' (1. Chuo University, 2. NYK
Co.Ltd.)
11:55 AM - 12:10 PM

Regular Session | General Session (3.Mechanics of materials and complex
phenomena)

£ 3 EMQ
ER:EH BHI(LMNKE)
10:40 AM - 11:55 AM Meeting room C (Online)

[2C07-11-01] Numerical Evaluation of Condition of
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Grains Rearrangement in Poorly-Graded
Crushed Stone Layer
*Akiko Kono' (1. Railway Technical Research
Institute)
10:40 AM - 10:55 AM

[2C07-11-02] Reproduction Simulation of Damaged Open
Sabo Dam by Using DEM
*Osamu SHIMAKAWA, Toshiyuki HORIGUCHI',
Masuhiro BEPPU', Satoshi KATSUKI' (1.
National Defense Academy)
10:55AM -11:10 AM

[2C07-11-03] A Study of the Similarity Law for Scaled
Tests of Beams under Gravitational Field
*Ryosuke Teshima1, Masuhiro Beppu1, Hiroyoshi
Ichino' (1. National Defense Academy)
11:10 AM - 11:25 AM

[2C07-11-04] Numerical Study of Local Failure Area of RC
Slabs Subjected to Projectile Impact
*Koki Mori', Masuhiro Beppu1, Hiroyoshi Ichino'

(1. National Defense Academy)

11:25 AM - 11:40 AM

[2C07-11-05] Energy gradually-increased consecutive
impact loading tests of rubber set RC
beams strengthened in flexure with AFRP
sheet by varying sheet volume
*Tomoki Kawarai1, Masato Komuro1, Norimitsu
Kishi1, Kentaro Suzuki1, Hiroshi Mikami® (1.
Muroran Institute of Technology, 2. Sumitomo
Mitsui Construction Co., Ltd.)
11:40 AM - 11:55 AM

Meeting room D

Regular Session | General Session (4.Fluid mechanics)

554 EMQ
ER.ZH E—B(R#BKRE)
10:40 AM - 11:40 AM Meeting room D (Online)

[2D05-08-01] SELF-FORMATION PROCESS OF GRAVEL
RIVERS WITH RIVERBANKS COMPOSED OF
FINE SEDIMENT AND BED OF RELATIVELY
SMALL GRAVEL
*Hayato Saito1, Norihiro Izumi' (1. Hokkaido
University)
10:40 AM - 10:55 AM

[2D05-08-02] Fundamental Study on Application of the 2-

D and 3-D Hybrid Flow Model to the



Riverbed Variation Analysis
*Kengo Osada1, Yoshihiko Shimizuz, Suzuka
Isaka®, Genki Hoshida® (1. NIT, Anan College, 2.
Gunma University, 3. NIT, Anan College, 4. MLIT,
Nakagawa River Office)
10:55AM -11:10 AM

[2D05-08-03] Effects of the amount of sediment supply
on the migration processes of waterfalls
*Keiji Yokota1, Norihiro lzumi’, Takuya Inouez,
Yuki Hiramatsu® (1. Hokkaido University, 2.
Hiroshima University, 3. Civil Eng. Res. Inst. for
Cold Region, PWRI)
11:10 AM - 11:25 AM

[2D05-08-04] Stokes Number Dependency of Particle
Impaction Efficiency on Cylinder Surface
under High
Reynolds Number Condition
*Yasuo HATTORI", Yuma HASEBE?, Hitoshi
SUTO', Keisuke NAKAO', Shuji ISHIHARA? (1.
Central Research Institute of Electric Power
Industry, 2. Denryoku Computing Center, Ltd.)
11:25 AM - 11:40 AM

Regular Session | General Session (5.f SRR E—STEEEZ N SRR
2 T)

25 5 HMOQ

ER:AO0 EBAKRE)

10:40 AM - 11:55 AM Meeting room E (Online)

[2E06-10-01] Evaluation of effect non-structural members
on main structural bending stiffness of steel
composite railway bridge
*Munemasa Tokunaga1, Manabu lkeda' (1.
RAILWAY TECHNICAL RESEARCH INSTITUTE)
10:40 AM - 10:55 AM

[2E06-10-02] Simplified method for estimating differential
displacement of viaducts during earthquake
in consideration of structural nonlinearity
*Kenyji Narita1, Munemasa Tokunaga1, Manabu
Ikeda' (1. RAILWAY TECHNICAL RESEARCH
INSTITUTE)
10:55AM-11:10 AM

[2E06-10-03] Closed Form Solution of Continuous Beam
with Multi Supports under Moving Loads for
Simple Calculation of Continuous Railway

Bridge Dynamic Responses
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*Manabu Nakada?, Kodai Matsuoka' (1. Railway
Technical Research Institute, 2. JR Soken
Engineering)
11:10 AM - 11:25 AM

[2E06-10-04] Application of replica exchange MCMC
method to Bayesian structure model update
by dual sampling method
*Kiyoyuki Kaito?, Kodai Matsuoka' (1. Railway
Technical Research Institute, 2. Osaka
University)
11:25 AM - 11:40 AM

[2E06-10-05] Factors that Reduce the Subpixel
Estimation Accuracy of the Digital Image
Correlation and Practical Improvement
Methods
*Haruki Yotsui1, Kodai Matsuoka?, Kiyoyuki Kaito'

(1. Osaka University, 2. Railway Technical

Research Institute)

11:40 AM - 11:55 AM

Regular Session | General Session (1. Mathematical analysis for
mechanics problem: forward- and inverse-modeling in civil engineering)

% 15MO
ERBRE XZERREAHAZF)
3:30 PM - 5:00 PM Meeting room A (Online)

[2A22-27-01] Free vibration analysis of anisotropic
laminated plates by region-wise zig-zag
theory
*Chikara Watanabe1, Kaede Ochiai' (1. National
Institute of Technology, Hakodate College)

3:30 PM - 3:45PM

[2A22-27-02] Effect of Element Geometry on Vibration
Characteristics of Self-Monitoring Bender
Element
*Toshihiro OGINO', Shinya NISHIO? (1. Akita
University, 2. NIhon University)

3:45 PM - 4:00 PM

[2A22-27-03] A Numerical Study on the Applicability of
VBI system Identification Using Vehicle
Vibration Data from Multiple runs
*Kento Tsukada1, Sachiyo Fujiwara1, Ryota Shin1,
Kyosuke Yamamoto' (1. University of Tsukuba)
4:00 PM - 4:15 PM

[2A22-27-04] Identification of mode damping ratio in

high-order local member vibration



generated in a steel railway bridge girder
*Koshiro Motoki1, Kodai Matsuokaz, Kiyoyuki
Kaito', Takuma Kushiyaz, Yusuke Kobayashi2 (1.
Osaka University, 2. Railway Technical Research
Institute)
4:15PM - 4:30 PM

[2A22-27-05] Basic Study on Modeling of Dynamic
Response in BWIM
*Kohei Maruyama', Ikumasa Yoshida', Hidehiko
Sekiya' (1.Tokyo City University)
4:30 PM - 4:45 PM

[2A22-27-06] Analysis of the stepping effect and slipping
phenomenon of the spread foundation by
the vertical soil spring
*Kohei Kubota1, Norihiko Yamasita1, Kojiro
Miyawaki2 (1. Osaka Sangyo University, 2.
Former Osaka Prefectural College of
Technology)
4:45 PM - 5:00 PM

B2EEAANEY Y RI T L

[2B19-24-04] High-precision SPH method with spatial
second-order accuracy with respect to the
initial particle distance.

*Shujiro Fujioka', Kumpei Tsuji', Mitsuteru Asai'
(1. Kyushu University)
4:15 PM - 4:30 PM

[2B19-24-05] Computations based on fluid-solid
interaction for failure in gravel layer due to
vertically-upward water flow entering from
bottom surface
*Shiho Maki1, Junpei Ohno1, Daisuke Toriu1,
Satoru Ushijima1 (1. Kyoto University)

4:30 PM - 4:45 PM

[2B19-24-06] Shakedown Analysis on a bearing capacity
of a footing subjected to repeated inclined
loads
*Taichi Muranaka1, Yuki Yamakuri1, Shun-ichi
Kobayashi', Xi Xiong' (1. Kanazawa University)

4:45PM - 5:00 PM

Regular Session | General Session (2.Computational Mechanics)

£ 2 ERF®
B Fik EREERD)
3:30 PM - 5:00 PM Metting room B (Online)

[2B19-24-01] Visco-hyperelastic simulation with finite
volume method based on building-cube
method
*Koji Nishiguchi1, Shusuke Takeuchi1, Tokimasa
Shimadaz, Ryohei Katsumata1, Hiroya Hoshiba1,
Junji Kato' (1. Nagoya University, 2. Kobe
University)
3:30PM - 3:45PM

[2B19-24-02] Review of the pressure gradient model of
the SPH method for incompressible fluids
including negative pressure
*Yusuke SAEKI', Kumpei TSUJI', Mitsuteru ASAI'

(1. Kyushu University)
3:45PM - 4:00 PM

[2B19-24-03] Water-Soil Multiphase Flow Simulation
Using a Semi-resolved Coupling Particle
Method
*Kumpei Tsuji1, Mitsuteru Asai', Kiyonobu
Kasama' (1. Kyushu University)

4:00 PM - 4:15PM

©Applied Mechanics Committee, JSCE
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phenomena)

C AR 1(©)
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3:30 PM - 4:45 PM Meeting room C (Online)

[2C21-25-01] Meso-Scale Numerical Experiment of
Reinforced Concrete Beam with Realistic
Shaped Aggregates
*Keisuke Nasukawa1, Hiroto MASUI1, Mao
KURUMATANI' (1. Ibaraki University)
3:30 PM - 3:45 PM

[2C21-25-02] Meso-scale modeling of concrete with
realistic shaped aggregates
*Hiroto Masui1, Keisuke Nasukawa1, Mao
Kurumatani' (1. Ibaraki University)
3:45 PM - 4:00 PM

[2C21-25-03] Examination of bending deformation
behaviors of CFRP with helicoidal laminate
structure by DIC analysis
*Takashi Matsumoto1, Yuki Endo1, Kenta Kondo'

(1. Hokkaido University)

4:00 PM - 4:15PM

[2C21-25-04] Study on deformation behavior of
temporary pier structure with fuse

mechanism



*Minoru Sekiguchi1, Kaoru Kobayashi1, Nozomu
Taniguchi2 (1. JR East Japan Consultants
Company, 2. Nihon University)
4:15PM - 4:30 PM

[2C21-25-05] Model tests on the effect of construction
accuracy on the uplift resistance of spiral
piles
*Yuta Kinashi', Hidetoshi Nishioka' (1. Chuo
University)
4:30 PM - 4:45 PM

Regular Session | General Session (5.fx SRR E—STEMEIZ N SR
2 T)

25 5 EMQ

ER:E BFEREKRE)

3:30 PM - 4:45 PM Meeting room E (Online)

[2E11-15-01] nfluence of bridge-train interaction on
bridge dynamic response under train
passage
*Haruyuki Kitagawa1, Munemasa Tokunaga1,
Manabu lkeda' (1. Railway Technical Research
Institute)
3:30PM - 3:45PM

[2E11-15-02] The verification of Al extracting the data on
actual bridge from vehicle vibration data for
complement of GPS
*Yuta Takahashi1, Naoki Kanekoz, Ryota Shinz,
Kyosuke Yamamoto® (1. Yachiyo Engineering
Co., Ltd., 2. University of Tsukuba)

3:45 PM - 4:00 PM

[2ET11-15-03] Railway bridge deflection estimation
method based on track irregularity
measured on the vehicles
*Kodai Matsuoka1, Hirofumi Tanaka' (1. Railway
Technical Research Institute)

4:00 PM - 4:15 PM

[2ET11-15-04] Fundamental Study on Identification of
Fatigue Damage Mechanisms in Web Gap
Plate Using Image Sensing
*Chanoknunt Sangsobhon1, Hidehiko Sekiya1,
Masayuki Tai', Shogo Morichika', Mizuki
Hayama?, Masanobu Nagai® (1. Tokyo City
University, 2. Shutoko Technology Center, 3.
Metropolitan Expressway Co.,Ltd)
4:15PM - 4:30 PM
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[2E11-15-05] Study on Fatigue Damage Detection in Steel
Bridges Using Piezoelectric Sensors
*Shogo Morichika', Hidehiko Sekiya', Mizuki
Hayamaz, Masanobu Nagai3 (1. Tokyo City
University, 2. Shutoko Technology Center, 3.
Metropolitan Expressway Co., Ltd)
4:30 PM - 4:45 PM

Regular Session | General Session (1. Mathematical analysis for
mechanics problem: forward- and inverse-modeling in civil engineering)

%1 5M@
EER:AE iz (BRAF)
5:10 PM - 6:40 PM Meeting room A (Online)

[2A28-33-01] Time evolution analysis of multiple
scattering of waves due to point-like
scatterers
*Kaito Maruyama', Terumi Touhei' (1. Tokyo
University of Science)

5:10 PM - 5:25 PM

[2A28-33-02] Inverse scattering analysis for imaging of
cavities using sparsity
*Aya Watanabe', Sohichi Hirose' (1. Tokyo
Institute of Technology)

5:25 PM - 5:40 PM

[2A28-33-03] Identification of defects using topological
derivatives for QNDE with laser
measurement data
*Takashi Nakazono1, Hitoshi Yoshikawa' (1.
Kyoto University)

5:40 PM - 5:55 PM

[2A28-33-04] 3-D linearized inverse scattering analysis for
crack in viscoelastic media using
convolution quadrature time-domain
boundary element method
*Takahiro SAITOH', Haruhiko TAKEDA! (1.
Gunma University)
5:55PM - 6:10 PM

[2A28-33-05] Time-reversal focusing of elastodynamic
scattered waves from a crack in a
reverberating environment
*Kazushi Kimoto', Takahiro Saitoh? (1. Okayama
University, 2. Gunma University)

6:10 PM - 6:25 PM

[2A28-33-06] Experimental study of ultrasound imaging

using multifrequency MUSIC method



*Taisei Matsuo1, Haruki Nukushina1, Taizo
Maruyama', Kazuyuki Nakahata' (1. Ehime
University)

6:25 PM - 6:40 PM

Regular Session | General Session (2.Computational Mechanics)
$B25M®

EREA FECGBAZE)
5:10 PM - 6:40 PM Metting room B (Online)

[2B25-30-01] Influence of spatial variations of several
parameters of rail on wheel-track dynamic
response
*Kazuhiro Koro', Kazuhisa Abe' (1. Niigata
University)

5:10 PM - 5:25 PM

[2B25-30-02] Preconditioning for pressure computations
in numerical predictions of density currents
*Ryota Motonishi1, Daisuke Toriu1, Satoru
Ushijima' (1. Kyoto University)

5:25 PM - 5:40 PM

[2B25-30-03] Topology Optimization to Maximize
Buckling Load Factor with Stiffness
Constraint
Tomoyuki Mizutori1, *Hiroya Hoshiba1, Hisao
Uozumiz, Junji Kato! (1. Nagoya University, 2.
Honda R&D Co., LTD.)

5:40 PM - 5:55 PM

[2B25-30-04] Density-based topology optimization for
unsteady thermal-fluid problems
*Keisuke Takaara1, Hiroya Hoshiba1, Shinsuke
Takasez, Koji Nishiguchi1, Junji Kato! (1. Nagoya
University, 2. Hachinohe Institute of
Technology)
5:55PM - 6:10 PM

[2B25-30-05] Pressure Stabilized Finite Element Scheme
for Dynamic Problems of Incompressible
Elasticity
*Takahiro Yamada' (1. Yokohama National
University)

6:10 PM - 6:25 PM

[2B25-30-06] Geographic Information Settings in a
Tsunami Evacuation Simulation
*Uraraka Toyama1, Manami Nakamura1, Bo

Wang', Kazuo Kazuo? (1. Chuo University, 2.
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Chuo University)
6:25 PM - 6:40 PM

Common session | Organized Session (1) 2 7 & RERMEDEE1L)
ftEtEyay: YAV EFEEEDEEL
ER:AH fEERKE)

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 Otake1'2, taiga Shojiz, Yosuke Higoa, lkumasa
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 Itoi* (1. Tohoku
University, 2. Kyoto University, 3. Tokyo City
University, 4. Tokyo University)
2:00PM - 2:15 PM



[2A13-21-06] Reliability Assessment for Bearing Capacity
of Shallow Foundation after Scouring under
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,
Ikumasa 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 (3B f#HT DREE & Z YRR (V&V).
e

BUERRT DIREE & MR (V&V)  NHED S S
ER:HH RRB(BHEXS)

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 Fukumoto', Takatoshi Kiriyama® (1.
Nagaoka University of Technology, 2. Institute of
Technology, Shimizu Corporation)
1:00PM- 1:15 PM

[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'
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(1. Ibaraki University)
1T: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)
1:30PM - 1:45 PM
[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 Koshimuraz, Shuji Moriguchiz, 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 Nomura1, Yu Otake1, Shyuji Moriguchi1,
Kenjiro Terada1, Randall LeVeque2 (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 Kamada', Yasuhisa Aono', 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 |naoka1, 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
Nakahata' (1. Ehime University)

3:00 PM - 3:15 PM

Common session | Organized Session(FTEA%¥xT—9 %41 TV )
tEEY a3V HENEXT I YA I VR
EEfR:BRE fFECRRAZE)

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 Melgarz, Randall LeVeque3'1, 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
KIMOTO?, 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)

2:00 PM - 2:15 PM
[2B13-18-06] A surrogate model of homogenized
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elastoplastic constitutive model using RBF
interpolation

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

2:15PM - 2:30 PM

Fri. May 27, 2022

Meeting room A

events | events

FRIER
10:00 AM - 11:00 AM Meeting room A (Online)

events | events
=R
11:00 AM - 12:00 PM Meeting room A (Online)

events | events

INKL O F v —
1:00 PM - 2:00 PM Meeting room A (Online)
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Regular Session | General Session (1. Mathematical analysis for mechanics problem: forward- and inverse-modeling in
civil engineering)

1 5MO
EER:FFN RIB(LPEKRSE)
Sat. May 28, 2022 9:00 AM - 10:30 AM Meeting room A (Online)

[2A01-06-01] A method for searching an optimal shooting condition of DIC
measurement based on response surface methodology
*Takumi Ashida1, Hiroto Masui1, Mao Kurumatani' (1. Ibaraki University)
9:00 AM - 9:15 AM

[2A01-06-02] Corroded Surface Prediction of Weathering Steel Plates under
Different Corrosive Environments Using Generative Adversarial
Network
*FengJiang1, Mikihito Hirohata' (1. Osaka University)
9:15 AM - 9:30 AM

[2A01-06-03] Extension of Internal Structure Diagnosis of Concrete Structures
Using Digital Hammering Inspection and Machine Learning
*Takashi Matsunaga1, Ryota Ogawa1, Mitsuyuki Sagisaka1, Hiroaki Fujiyoshi1, Motomu Ishii’
, Yoshihiro Isobe’, Sinobu Yoshimura?, Tomonori Yamada® (1. Nuclear Fuel Industries,
Itd., 2. The University of Tokyo)
9:30 AM - 9:45 AM

[2A01-06-04] MACHINE LEARNING BASED NONLINEAR PARAMETER
IDENTIFICATION FOR HIGH DAMPING RUBBER BEARINGS

*Katrina Mae Santiago Montes', Ji Dang1, Yuqing Tan?, Akira Igarashiz, Takehiko Himeno®
(1. Saitama University, 2. Kyoto University, 3. Kawakin Core Tech Co.)

9:45 AM - 10:00 AM

[2A01-06-05] Application of Physics-informed Neural Network to Ground
Consolidation Analysis
*syouki katabira' (1. Tsukuba University)
10:00 AM - 10:15 AM

[2A01-06-06] A Fundamental Study on Estimation of Relative Permittivity
Distribution in Concrete Using Ensemble Kalman Filter
*Yoshihito YAMAMOTO", Kota KUBO', Shunpei FUJIMORI' (1. Hosei University)
10:15 AM - 10:30 AM
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ISEHEEIC & 5 DIC fHAlD&EBEIREZFHDOHRER
A method for searching an optimal shooting condition of DIC measurement
based on response surface methodology

A AR (RWOR - T)

Tt B Mok - BT

HA R (ZIOR - T

TAKUMI ASHIDA, Ibaraki University
HIROTO MASUI, Ibaraki University
MAO KURUMATANI, Ibaraki University
E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp

This study proposes a method for determining an optimal shooting condition of the digital image correlation
(DIC). The method is formulated based on the response surface methodology. The explanatory variables in the
response surface take the F-number, the shutter speed and ISO speed which strongly affect the shooting accuracy.
The response surface is defined according to Box-Behnken design. The DIC with the proposed method allows

high accurate measurement.

1. [XC®IZ
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Fig. 1 Overview of DIC
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Table 1 Experimental design

No. | ISO F 8S |No. ISO F SS
1 400 18 1710 9 250 18 1/6
2 400 10 /10 | 10 | 250 18 1730
3 100 18 1/10 11 250 10 1/6
4 100 10 /10 |12 | 250 10 1/30
5 400 14 1/6 13 250 14 1710
6 400 14 1/30 14 1 250 14 1/10
7 100 14 1/6 15 250 14 1710
8 100 14 1/30 16 250 14 1/10

7? D_isplacement Ele_zilite

e

M o

Fig. 2 Measurement
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Corroded Surface Prediction of Weathering Steel Plates under Different Corrosive
Environments Using Generative Adversarial Network

Feng JIANG, Osaka University
Mikihito HIROHATA, Osaka University
E-mail: f-jiang@civil.eng.osaka-u.ac.jp

In the maintenance of today's steel structures, fast and accurate prediction of corrosion development is of
great importance in numerical simulation analysis, saving time and cost. In this research, two kinds of
weathering steel plates were subjected to four corrosive environments for different time periods. A system
based on GAN data augmentation with UNet as the generator and MobileNetV/2 as the discriminator was built.
The system can simulate three stages (28 days, 84 days, 168 days) of corrosion based on the dataset collected
from experiments. It can also predict the corroded surface of steel plates in the next stage. The discriminator
of the system can be used to classify the type of weathering steel and days of corrosion. Based on comparative
experiments, our system exhibits outstanding performance and outperforms the baseline model.

1. Introduction

Corrosion is a major cause of deterioration and damage to
steel structures. Corrosion is a long-term process. It takes a lot
of time to determine the degree of corrosion based on
observations. Therefore, the simulation and prediction of the
corrosive process play an important role in the modeling of
corrosion damage and the determination of corrosion status
promptly. In previous studies, the fractal and spatial correlation
have been used to evaluate the surface characteristics of the
corroded surface of steel plates. And the corrosion rate
probability distribution is related to the characteristics of the
corrosion surface which can be used to build simulation and
prediction models (Caleyo, F., et alV). However, these methods
have limitations on their target materials and corrosive
environments. The relationship between corrosion damage and
aging is still unclear. A widely applicable method is in need to
effectively predict the corrosion behavior over time.

In this research, SMA400AW and SMA490AW were
subjected to four corrosive environments for different time
periods. A corroded surface prediction system based on GAN
data augmentation with UNet as the generator and MobileNetV2
as the discriminator was built.

2. Experiments

Two weathering steels, SMA400AW and SMA490AW, with a
total of 48 specimens were tested in four different corrosive
environments. 1). 1SO 16539: Artificial seawater with a
concentration of 3.5% was applied to the surface using a
spraying device, and a salt deposition of 28.0 + 2.8 g/m? was
obtained. The repeated drying and wetting process consisted of
three hours of dryness (60 °C, 35% RH) and three hours of
wetness (40 °C, 95% RH), and the transition time from dry to
wet and from wet to dry was one hour, which is 8 hours per
cycle. This is done alternately in 8 cycles (3 days) and 11 cycles
(4 days). 2). Combined cycle corrosion test: One complete cycle
takes 24 hours. It consists of one hour of wetness (30 °C, 95%
RH), two hours of surface spraying with saltwater (30 °C, 5%
NaClaq), six repetitions of one and half hour wetness (50 °C,
95% RH), one and half hours of dryness (50 °C, 20% RH), and
another one and half hours of dryness (30 °C, 20% RH). 3).
Atmospheric exposure |: The experiment runs for 365 days
under the real atmospheric exposure situation in Choshi, Japan.
4). Atmospheric exposure Il: The experiment runs for 180 days
under the real atmospheric exposure situation in Miyakojima,
Japan. The tests of 1) and 2) are accelerated corrosion types. In
these two experiments, the development of corrosion was
observed in three stages. The first stage is 28 days. The second
stage is 84 days. The third stage is 168 days. 3) and 4) are

corrosion in real corrosion situations. The purpose of the
different experimental environments is to compare the corrosion
in the artificial environments with the real environments. And to
check the applicability of this prediction model in multiple
environments. Table 1 shows the distribution of specimens.

Table 1 Number of specimens in different experiments.

ISO | Combined | Choshi | Miyakojima
16539 cycle
SMA400AW 9 9 3 3
SMA490AW 9 9 3 3
Thickness: 9 Sl Unit: mm
i
Anti-corrosion
R 3 tape
| e
60
150

Fig. 1 The size of specimens and corrosion measure area.

Adam

[—3ack propagation— [ 00 |

Discriminator
Mobile Net

Labels set

Corrasion
~Gaussian noise—] data of next
period

Input:
Current
corrosion
data

Output:
Prediction of

cerresion data in
the next period

=Gaussian noise

Back propagation

Fig. 2 System architecture.

The length, width, and thickness of each specimen are 150
mm, 70 mm, and 9 mm. Each plate is wrapped with a 5 mm
anti-corrosion tape along all its edges. Fig. 1 explains the size of
each steel plate and the corrosion measurement area. The
corrosion depth data in a 50 mm times 60 mm area in the middle
of the steel plate is used for modeling.
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3. Method

In this research, we use Gaussian noise and GAN to enrich the
dataset. UNet is the generator and MobileNetV2 is the
discriminator for GAN. The generator is mainly used to simulate
the regression of the next phase of the input data; the role of the
discriminator is to determine whether the input data is the data
generated by the generator. In addition, the discriminator used in
this paper can also be used to predict the type of corrosion and
the stage of the corrosion. We use Adam optimizer as the
optimizer in our system. Fig. 2 illustrates the system architecture
and its procedure.

Generative adversarial network (GAN) is a class of machine
learning frameworks, it learns from a dataset and generates new
data with the same statistics. GAN is commonly used for data
augmentation, especially when the dataset is limited. In this
research, we can only obtain limited data as the original dataset.
We choose GAN to enrich the dataset and generate new training
samples based on the corrosion samples we collect from
experiments. If not the same, the distribution of the newly
generated data samples is rather similar to the original dataset.
In this research, we choose GAN and its one variant:
Information Maximizing GAN (InfoGAN).

The UNet was designed for Bio-medical Image Segmentation
developed by Olaf Ronneberger et al?. There are two paths in
architecture. One is the contraction path (or the encoder), a
traditional stack of convolutional and max-pooling layers, which
captures the context in the image. The other path is the
symmetric expanding path (or decoder) which enables precise
localization using transposed convolutions. It can handle images
of any size and it is a fully convolutional network (FCN).

MobileNetV2 is an effective model for feature extraction,
object detection, and segmentation. It is a mobile architecture
based on an inverted residual structure, using depthwise
separable convolution as efficient building blocks. The model
allows decoupling of the input / output domains from the
expressiveness of the transformation, which provides a
convenient framework for further analysis. To be more suitable
for the discriminator, an additional Sigmoid activation function
is added to the end of MobileNetV2, 0 is Fake, and 1 is Real.

4. Results

There are six scenarios of dataset usage in our experiment
design, which are six configurations of the training set and
testing set. “d1”, “d2”, “d3”, and “d4” are corresponding to the
specimens from the four experiments: 1SO16539, Combined
cyclic corrosion test, Atmospheric exposure | (Choshi), and
Atmospheric exposure Il (Miyakojima). For example, in
Scenario 1, we use “d1”, sample data from ISO16539, as a
training set, and “d3”, sample data from Atmospheric exposure I,
as a testing set. We conduct comparative experiments on three
different models. The baseline model XceptionNet and using
GAN-based augmentation models: GAN and InfoGAN. In this
research, we use Root Mean Square Error (RMSE) as the main
evaluation metric. Table 2 lists the results of our comparative
experiments. Based on the results, the two models using
GAN-based augmentation show better performance than the
baseline model XceptionNet. Since InfoGAN require a huge
amount of data for training, it doesn’t demonstrate advantages
over GAN in this problem. Using GAN for augmentation
outperforms all other models in four scenarios. Fig. 3 uses
SMA490AW as an example to show the comparison of the
corrosion on steel plates in stage three from the 1SO16539
experiment and corresponding simulated corrosion generated by
this prediction system. They show a similar pattern of corrosion
distribution, which means our system can simulate the future
corrosion situation in the measured area.

TARER E25OIGANEY VRY U LBEHMES (20225%58)

Table 2 Comparative Results.

Train: d1 Train: d1 Train: d2
Test: d3 Test: d4 Test: d3
GAN 0.423 0.397 0.337
InfoGAN 0.423 0.368 0.363
Xception 1.492 0.952 0.587
Train: d2 | Train: d1+d2 | Train: d1+d2
Test: d4 Test: d3 Test: d4
GAN 0.462 0.244 0.198
InfoGAN 0.433 0.347 0.233
Xception 0.882 0.884 0.902
1S016539-SMA490AW (Unit: mm)
50 1= - !.T = V_Vi ,_. - 16
R
© - pnps hj . 12

by

(a) Corrosion on 1ISO16539 type SMA490AW Stage Three.

1S016539-SMA490AW-Generate (Unit: mm)

(b) Corrosion on predicted type SMA490AW Stage Three.

Fig. 3 Corrosion on 1ISO16539 type SMA490AW steel plate
Stage Three and corresponding predicted corrosion.

5. Conclusions

In this research, a GAN-based machine learning model was
proposed to augment the dataset and simulate and predict the
corrosion of two kinds of weathering steel in four environments.
The GAN structure composed of UNet and MobileNetV2
provided outstanding performance to address the research
problems in this paper. Through comparative experiments, our
model achieved high prediction accuracy and was verified to be
reliable and generally applicable.
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Extension of Internal Structure Diagnosis of Concrete Structures
Using Digital Hammering Inspection and Machine Learning
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An inverse analysis model was constructed to quantitatively evaluate the internal structure of concrete (internal
defects, cracks, and loss of compressive strength) from natural frequency contour maps obtained from grid-
points on the concrete surface using sensor-based hammering inspection. The constructed inverse analysis

OATHFEALTARE

model was shown to be able to estimate the actual values with an error of roughly 15%.
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Fig. 1 Vibration waveform and frequency distribution
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Fig. 2 Database of crack conditions and digital hammering
inspection results
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Fig. 3 Database of compressive strength and digital hammering
inspection results
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The complicated nonlinear behavior of high damping rubber bearings needs deliciated nonlinear hysteresis
model with multiple parameters. Those parameters need to be identified from experiments such standard
quasi-static loading tests. However, general nonlinear model parameter identification methods such as curve
fitting, Newton’s methods et. al. may need to select initial parameter value carefully. Sometimes it is a
trial-and-error process and requires engineer’s expertise. This study trained an ANN model that aimed to
identify the nonlinear parameters of an HDR-S bearing under Modified Bouc-Wen (MBW) model at ambient
and low temperature. The suggested parameters were compared to an actual quasi-static experiment result and

hybrid simulation.

1. Introduction

Based on the road bridge seismic design practice in Japan Y,
bilinear model was used for various types of seismic isolators.
However, the nonlinear behavior of HDR-S bearing was greatly
affected by different factors like changes in strain rate, loading
direction, Mullin’s effect, temperature, etc. In addition to that,
there are newly developed seismic isolators, and the nonlinear
behavior identification depends on engineer’s expertise. Thus,
there is a need for a different nonlinear model that includes
additional uncertainties which makes the optimization process
more difficult.

Therefore, this study trained an ANN model to predict the
nonlinear parameters of Modified Bouc-Wen model from
experiment data for HDR-S. The ANN model was trained from
numerical simulation data only and then validation was
conducted by prediction of quasi-static and hybrid simulation
loading test data. The proposed machine learning based
approach method suggest the initial nonlinear parameters using
the trained ANN model which eliminates the trial-and-error
process using conventional optimization methods, and it can be
repeated using different nonlinear models.

2. High Damping Rubber Bearing (HDR-S)

The HDR-S specimen used in this study has a total rubber
thickness of 30 mm and cross-sectional area of 0.0576 mm?. To
identify its nonlinear behavior, two experiments were conducted.
First was quasi-static test in which the strain was pre-defined.
The second test was hybrid simulation which identifies the
HDR-S nonlinear behavior installed in a hypothetical 3-span
bridge with regards to an input earthquake.

—— HDR-S -20 °C
41 — HDR-S 23°C

Shear Stress (MPa)

-3 *‘2 -1 0 i 2 3
Shear Strain
Fig. 1 HDR-S Quasi-Static Experiment Data
The HDR-S quasi-static loading results at ambient and low
temperature were shown in Fig. 1. The data consists of five
amplitudes ranges from 50% up to 250%, and each amplitude

consists of five loops. There is a significant increase of shear
stress at low temperature, and Mullin’s effect was visible.

During hybrid simulation, the HDR-S nonlinear behavior was
influenced by the bridge response to the input earthquake. A
scaled factor of 1/6 was applied due to experiments facility
limitations and similarity rule was used in the simulation of the
needed parameters. The total mass was based on the standard
vertical pressure of 6 MPa. The three-span bridge has a total of 8
piers as shown in Fig. 2, and two degree of freedom (2DOF)
model was considered in the numerical simulation.

=

———

Mass of the superstructure

rLO—rA'M'

Mass of the bridge pier

?E:LStifﬁless of the bridge pier

Fig. 2 Bridge Structural Model

3. Modified Bouc-Wen Model

To represent the HDR-S nonlinear behavior numerically,
Modified Bouc-Wen model was used. The numerical equation of
this model was shown in equation 1 and 2. The shear stress o is
influenced by the strain g, pinching effect by parameter b,
hardening and softening due to stiffness degradation which are
represented by parameters y and B, and z which is the plastic
component with A generally equal to 1. During the data
generation for ANN training, the parameters were expressed to
shear strain and shear stress, and the ranges are as follows:
0[0.1~0.06], G1[8~20], 3[0.5~2.0], y[-4~-7], and b[0.2~0.5].

c=aGe+(1-a) G, (1+b€?) z 1)
Z=A¢ — B|€ z| —yéz? @)

4. Nonlinear Parameter Identification

The shear strain data of HDR-S quasi-static 23°C, 250%
amplitude, loop 1, was interpolated and reduced to 60 data
points using K-Nearest Neighbor (KNN) algorithm for
numerical simulation preparation. The parameter ranges were
randomly selected to simulate the shear force under Modified
Bouc-Wen (MBW) model. A combination of 60 shear strain data
and 60 shear stress with 1000 iterations were used as an input
data for the ANN training.
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The ANN architecture as shown in Fig. 3 consists of 120 by
1000 input features, 2 hidden layers, and five nonlinear
parameters of modified Bouc-Wen Model as an output. The
activation function used was ReLU because it’s a regression
problem and specific values was required as an output.
RMSProp was the optimizer used with a learning rate of 0.0001.
The loss function was mean squared error and should be near to
zero. After 200 epochs, the training loss was 0.047 and the
validation loss was 0.134. To visually examine the accuracy of
the trained model, the ANN predicted nonlinear parameters were
plotted and the hysteresis was compared to the normalized
HDR-S quasi-static loading data as shown in Fig. 4. The
comparison shows a high correlation with a contribution rate of
0.98.

—— HDR-S Data 23°C
ANN Predicted

~

Shear Stress(MPa)

|
w

1
IS

Y -1 0 1 2
Shear Strain
Fig. 4 ANN Predicted Parameters During ANN Training

5. Cyclic Loading Nonlinear Parameter Prediction

The HDR-S quasi-static data at 23°C and -20°C, 250%
amplitude, loop 1, were reduced to 60 data points of shear strain
and shear stress to fit for the ANN input data for nonlinear
parameter identification. The trained ANN model and KH
Method (Kuroda ?) predicted nonlinear parameters were plotted
and the hysteresis was compared to the experiment data as
shown in Fig. 5. The contribution rates for HDR-S data at 23°C
were 0.97 for ANN and 0.98 for KH Method. On the other hand,
at -20°C, the contribution rates were 0.86 for ANN and 0.88 for
KH Method. There was a 1% up to 2% difference in the
contribution rate between ANN and KH Method.

— HDR-S 23C
ANN Predicted
—— ANN + KH Method

Shear Stress

Shear Strain

Fig. 5 HDR-S Quasi-Static Loading Predicted
Nonlinear Parameters by ANN at 23 °C
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6. Hybrid Simulation Comparison

The hybrid numerical simulation used and compared the
predicted parameters from ANN model as shown in Fig. 6 and
Fig. 7. The nonlinear behavior of HDR-S bearing was
influenced by the superstructure and pier-seismic response
therefore it depicts a more realistic scenario. It can be observed
that Modified Bouc-Wen (MBW) Model nonlinear parameters
on both ANN and KH method greatly fits the HDR-S data under
ambient temperature (23°C) but had a significant difference at
low temperature (-20°C).

6

—— HDR-S Experiment Data 23°C
4 -==- Al Suggested Parameters

Shear Stress (MPa)

-2 2

-1 o 1
Shear Strain

Fig. 6 HDR-S Hybrid Simulation Result Using the ANN
Predicted Parameters at 23 °C

—— HDR-S Experiment Data -20°C
---- Al Suggested Parameters

L
I

Shear Stress (MPa)

-2 E 2

lShearDStrain1
Fig. 7 HDR-S Hybrid Simulation Result Using the ANN
Predicted Parameters at -20 °C

7. Conclusion

This study successfully trained an ANN model that aimed to
predict the nonlinear model parameters from an HDR-S
quasi-static experiment data with a contribution rate difference
range of 1% up to 2% compared to the conventional KH method.
The predicted nonlinear parameters had high correlation with the
HDR-S data at ambient temperature (23 °C) based on both
comparison to quasi-static and hybrid simulation. However, the
predicted Modified Bouc-Wen model parameters had a
significant difference at low temperature. The proposed machine
learning based approach for nonlinear parameter identification
significantly eliminates the trial-and-error and can be repeatedly
trained using other nonlinear models. This approach lessens the
actual experiment cost and makes the nonlinear initial parameter
identification easier. Since modified Bouc-Wen model only
covers the change in stiffness degradation and pinching, there’s
still some factors that needs to be considered to increase the
correlation of the HDR-S nonlinear behavior like Mullin’s effect
and low temperature effect. Thus, using an advance model
considering those factors are recommended for future study. The
significant difference at low temperature creates a risk on
HDR-S implementation to cold regions like Hokkaido and must
be further studied. Improvement of the trained model will be
done to cover a larger range of parameters and inclusion of
different types of nonlinear model will be the future study.
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The PINN is known to have enough prediction accuracy even with uncertain data such as low number of data
and noise by using physical governing equations as a prior condition. In adapting to the ground consolidation
equation to derive the excess pore water pressure distribution, an appropriate analysis cannot be performed due
to the large difference in the order of soil parameters. Therefore, we proposed a method of taking the
regularization using the similar rules, discovering appropriate values of batch size and number of epochs, and
the effectiveness of the regularization was shown. In addition, the inclined placement of the colocation points,
that dense collocation points in the region where the gradient of the solution space is large, was verified. As a
result, it was shown that the prediction accuracy was improved, and that the calculation cost could be a little
reduced because the total number of collocation points could be reduced.
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A Fundamental Study on Estimation of Relative Permittivity Distribution in Concrete
Using Ensemble Kalman Filter

WA fEt GEEKR - 7¥ A 1)

Otk BER GEECK - 794 1) R %E (BEK - 7Y A1)

Yoshihito YAMAMOTO, Hosei University
Kota KUBO, Hosei University
Shunpei FUJIIMORI, Hosei University
E-mail: y.yamamoto@hosei.ac.jp

An application of data assimilation to the estimation of the permittivity distribution inside concrete in FDTD
simulations is attempted. Specifically, the applicability of the method to the estimation of permittivity
distribution is examined by using an ensemble Kalman filter as a data assimilation method for a two-
dimensional electromagnetic wave propagation problem in a multi-layered material model that simply models
concrete. As a result of the fundamental investigation, although the number of observed data is only one as a
characteristic of radar tests, the relative permittivity of multiple internal regions could be estimated by targeting

a series of radar movement processes.
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Fig. 1 Overview of the simulation models.
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A variational formulation of crack phase-field modeling for ductile fracture
equipped two damage variables

Jike HAN, Tohoku University
Seishiro MATSUBARA, Nagoya University
Shuji Moriguchi, Tohoku University
Kenjiro TERADA, Tohoku University
E-mail: han.jike.s7 @dc.tohoku.ac.jp

This study presents a variational formulation of crack phase-field modeling for ductile fracture. Constitutive
work density consists of elastic, plastic, and crack components, with damage variables separately introduced
for elasticity and plasticity. The proposed model is equipped with thresholds and coefficients to control the
amount of damage driving force, while variational consistent evolution laws for damage are derived as stationary
conditions from a supremum problem of dissipative potential. Also, governing equations are derived from an
optimization problem within the continuum thermodynamics framework. The characteristic features of the
proposed model are demonstrated with numerical examples.

1. Introduction 2.2. Evolution laws for plasticity and damage

OABHEEATIARER BANFEESR

Crack phase-field model! (PF model) has received attention
due to its capability to predict arbitrary crack propagation and its
compatibility with classical fracture mechanics. This study presents
a variational formulation for ductile fracture equipped with two
damage variables for elasticity and plasticity. The proposed model
is equipped with thresholds and coefficients to control the amount
of damage driving force, while damage evolution laws follow a
variational structure.

2. Proposed model
2.1. Constitutive work density functional

In line with our previous studyz), we define the following consti-
tutive work density functional:

[N TR R (1)

where W€, WP, and W! denote the elastic and plastic strain energy
densities and the energy density due to crack surface generation,
respectively. The elastic part follows a tensile-compressive split as

W = g (d°) WS+ )

where ‘P8+ and ‘I’g_ denote the effective tensile and compressive
amounts of Y¢. Note that the reduction of material stiffness is
considered by the degradation function g (d€), which is determined
by the elastic damage variable d®. Similarly, the plastic part is
defined as

WP = g (dP) W5, 3)

where ‘I’g denotes the effective amount of WP. Also, another degra-
dation function, which is determined by the plastic damage variable
dP, is introduced. Here, dP does not directly contribute to the
deterioration of material but affects the evolution of plastic harden-
ing variable. In addition, the energy density due to crack surface

generation is defined as
‘ t
. / Ge (F¢. ) vy dr. @)
0

where G (F¢, @) and y;; denote the degrading fracture toughness
and the crack surface density. Note that G is degraded by the
accumulation of plastic strain and the increase of mean stress, which
reflects the effect of stress triaxiality. Also, since G has a process-
dependent property, we have defined ¥lasa time-dependent format.

The energy dissipation of the proposed model is given as
pf _ . gp_ P53 fe je fpjp _ f

DVl =1:d° —rPa+7°d" +1PdP - r'd, ®)
where 7, 7P, 7%, 7P and rf are the driving force of plasticity, plastic
dissipative resistance force, elastic driving force and plastic driving
forces, and damage dissipative resistance force. Then, let us define
the following supremum problem of the dissipative potential density
based on the maximum dissipation principle:

sup sup OPf — PP — 2f@f,
[Taev,r e ot [P A (6)

ppf

VPl =

where we have introduced two threshold functions to prescribe the
admissible stress fields with respect to plasticity and damage. Their
specific forms are as follows:

o . el \ﬁ rP
8 (d°) 3 g (dP)
of .= £ 4 P* _,f @)

with 7 = 9 (d°) (WS - WE)L°
" = —pg (dP) (¥ — PP )P

where 77" and " are the “modified” elastic and plastic driving

forces along with the conditions 7" < 7% and P < 7P, Also,
two threshold parameters WS, and W5, and coefficients £ € [0, 1]
and ¢P € [0, 1] have been introduced to control the contributions of
elastic and plastic strain energies for damage evolution. We impose
the stationary conditions of Eq. (6) with respect to the involved
primary variables to derive the five evolution laws accompanied by
the following corresponding loading/unloading conditions:

_ AP Tdev
8 (d®) ||7gevll
. 2 AP
=4z AP >0, PP <0, APOP =0
L V3 _ _ , ®
de=atgeye >0, @ <0, 2ol =0
dP = Afgpyp
d=af
in which y© and yP are step functions defined as
e 1 if‘Pg’f—‘I’gr>0’ p_ 1 if‘Pg—‘I’Er>0.(9)
0 otherwise 0 otherwise
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2.3. Global governing equations

The stationary conditions of the total rate potential, which is
defined by ¥, VP, and external forces, yield the following global
governing equations:
e Equilibrium for mechanical field:

;X P+B =0, Neumanncond.P-N=T, (10)
o Equilibrium for micromorphic plastic field:
oYP  d  9YP
e .Va-N= 11
5o~ IX 3V 0, Neumann cond. Va-N =0, (11
e Equilibrium for phase-field:
ot a4 0wt
f_ - . .N = (12)
“d ~dx avad’ Neumann cond. Vd - N =0,
o Plastic force / Hardening force:
owe owP
= 2 . be P = — 13
T 7 T T 8a )
o Elastic / Plastic damage driving force:
0w owP
fe_ _Z2° fp_ 27 14
T VTR T a0 (14)

3. Numerical example
This numerical example is devoted to the demonstration of the

crack representation performance using the proposed model. Ten-
sile failures for the two-dimensional symmetrically notched spec-
imen are considered, as shown in Fig. 1. The Swift hardening
function § (&) = ya (@ + ap,)5¢ is used for the hardening behavior
of plastic deformation. The material properties and other parame-
ters for damage computation are provided in Table 1.

50 mm

1. A

Poxy Amq
| g/0g

;e

W 9/6g=y
¢ juatordsi(]

25 mm

Fig. 1 Geometry and boundary conditions for the specimen.

Table 1 Material parameters for the specimen.

Parameter Value Unit
Young’s modulus E 200000  [MPa]
Poisson’s ratio v 0.3 [-]
Strength coefficient Ya 1169 [MPa]
Pre-strain parameter ay 0.0033 [-]
Hardening parameter Be 0.1 [-]
Plastic length scale parameter lp 0.2 [mm]
Penalty parameter Pp 2500 [MPa]
Initial fracture toughness G 1000 [N/mm]
Critical fracture toughness Geoo 10 [N/mm]
Degradation threshold Qer 0 [-]
Crack length scale parameter Il 0.2 [mm]
Elastic damage coeflicient I 1.0 [-]
Elastic damage threshold We, 0 [MPa]

Seven cases with different combinations of parameters relating
to damage evolution are investigated. Because of space limitaion,
we show the load-displacement curves for the cases IV, V, VI, and
VII only in Fig. 2 and the damage distributions for the cases IV and
VI Fig. 3, respectively. As shown in Fig. 2, cases IV and V exhibit
stress drop after relatively large deformation, while cases VI and VII
show relatively small deformation. Specifically, a slanted crack path
is obtained in case IV. This is due to the fact that the crack initiates
along with the shear band. Meanwhile, the almost horizontal crack
pattern is obtained for case VI. That is, the crack initiates from both

SRAEER
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notch surfaces towards the center of the specimen. This is because
the accumulation of plastic strain is concentrated on the notch tips in
the early plastic deformation state. Note that similar crack patterns
are seen in previous studies®¥, and the proposed model is thus
unified in nature and is able to mimic the existing PF models by
adjusting the parameters related to damage.

12000
- o e —
9000 |-/ (S)‘k(‘” T~
1
I
z } :
5 6000 | o 4@ Fea N
S f | '
— | | v
| I S
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I} : I
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Fig. 2 Load-displacement curves for the specimen.
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Fig. 3 Crack evolutions for the specimen.

4. Conclusion

The crack phase-field model is known for its ability to predict
the initiation of an arbitrary crack, its propagation, and bifurcation
while remaining compatible with classical fracture mechanics. In
this study, a variational formulation is carried out to derive evolution
laws separately for plasticity and damage as the stationary condi-
tions of the supremum problem of the dissipative potential. As a
result, the proposed model involves two damage variables associ-
ated with the elastic and plastic driving forces in damage evolution.
The characteristic features of the proposed model are demonstrated
by presenting numerical examples.
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Crack Propagation Analysis in an Embankment by Peridynamics focusing on Maximum Acceleration
and Frequency of Input Seismic Wave

Btk B CA)llEE)

Muhammad Khairullah Bin Adlan (7)1 /5 &)
WA aEe (OKBHZE)

A 8 (RMER)

Taiki SHIMBO, National Institute of Technology, Ishikawa College
Muhammad Khairullah Bin Adlan, National Institute of Technology, Ishikawa College
Tomoki KAWAMURA, Godai Kaihatsu Corporation
Yutaka FUKUMOTO, Nagaoka University of Technology
E-mail: shimbo@ishikawa-nct.ac.jp

To improve the earthquake resistance of soil embankments, it is crucial to clarify the crack initiation and
propagation processes. Peridynamics is a powerful method for such analyses. In the present study, a crack
propagation analysis of a compacted clay embankment is conducted using OSB-PD with seismic waves of
several maximum accelerations and frequencies. The results show typical failure patterns of embankments
during the earthquakes, such as cracks in the slope and shear failure (i.e., a sliding surface).
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This paper presents a semi-analytical method for bogie-track-tunnel-soil dynamic interaction problems.
The railhead roughness is considered as a random process. To evaluate the mathematical expectation of
dynamic response, the relation between the railhead roughness and the expected value of energy spectrum
density of acceleration at observation points inside the tunnel is derived explicitly. Based on the developed
method, influence of the track-tunnel coupling structure on the frequency spectra is investigated.
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The SPH method are attracting attention as an efficient method for solving free-surface flows in complex
geometries such as tsunami run-up phenomena. In the case of urban-scale disaster analysis, the particle method
must be applied to a large area with evenly spaced particles, which results in a large computational model.
However, the memory size of GPUs is smaller than that of CPUs, and therefore, multiple GPUs are required to
perform large-scale analysis. In this study, the parallel SPH particle computation using many GPUs including
communication across computational nodes is developed.
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Fig. 2 weak scaling measurement results
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1) D. S. Morikawa, H. Senadheera and M. Asai, Explicit
Incompressible Smoothed Particle Hydrodynamics in a
multi-GPU environment for large scale simulations.
Comput. Part. Mech., Vol. 8(3), pp. 493-510, 2020
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Fig. 3 Profiler for weak scaling (explicit method) (each subroutine is displayed by color)
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Hett-SEMAESIREN D FROY —RBIL D 7= DGR SIMP EDIES
An Extended SIMP Method for Topology Optimization of Brittle-ductile Composite Structures

BRI BERY (BEER- 1) TH Rt (BEEXR- I

PEE fEE (BEEAR - D) gk S (REEKR - 1D

Mutsuki FUITWARA, Nagoya University
Hiroya HOSHIBA, Nagoya University
Koji NISHIGUCHI, Nagoya University
Junji KATO, Nagoya University
E-mail: mutsuki.fujiwara@c.mbox.nagoya-u.ac.jp

Composite structures consisting of brittle and ductile materials such as FRP or RC are widely used in engineer-
ing. However, topology optimization problems of such nonlinear materials are non-convex and discontinuous, and
many material parameters are associated with the design variables in nonlinear constitutive equations. Therefore,
it is usually difficult to define their interpolation form to guarantee enough numerical convergence and physical
consistency. This study proposes an alternative approach based on the SIMP (Solid Isotropic Material with Pe-
nalization) method to give a suitable material model for FE analysis of brittle-ductile composite structures and

topology optimization.
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Fig. 1 Boundary condition for optimization example
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Table 1 Material parameters for optimization example

| | Brittle Ductile |
Young’s modulus (MPa) | 24000 20000
Poisson’s ratio 0.2 0.2
Ky 0.001 0.01
Aq 0.98 0.98
B, 200.0  200.0
Ac 0.98 0.98
B, 150.0 150.0
oy(MPa) 300 60
E(MPa) 7500 7500

I 1.0e+00

- 075

=+£ﬁ$ j

a

0.5

=
ax

- 025
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Fig. 2 Results of optimization example 1

I 1.0e+00

- 075

BEtEr AL © IR
EMEMRL D F

—05

g‘fgﬁs j

=
ax

025

I 0.0e+00

Fig. 3 Results of optimization example 2
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1) M. P. Bendsge, O. Sigmund : Material interpolation
schemes in topology optimization, Arch. Appl. Mech.,
69(9)(1999), pp.635-654.

2) J. Mazars and G. Pijaudier-Cabot : Continuum damage
Theory-Applocation to concrete, Journal of Engineering
Mechanics, Vol. 115, 1989, pp.345-365.

3) THARW, MEEEs, SEEs, SFHE B, 718
Z MR OB DR LEMEER L LT
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AF, AR CE A2, Vol.70, No2, pp.317-328,
2014.
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BEAUMEOEmNRBRBEREICT T 2 ERETLAREDER
Implementation of the method of fundamental solutions
to anti-plane wave problems of anisotropic materials

gl B (K - REER TAE7El) R BHE (BERH) )
i R BEEKR - RFEBE LYY B ft— GRTOK - BREL - 2B T¥0)
Akira FURUKAWA , Hokkaido University
Kosuke MATSUMURA, Kumagai Gumi
Takahiro SAITOH, Gunma University
Sohichi HIROSE, Tokyo Institute of Technology
E-mail: afurukawa@eng.hokudai.ac.jp

This study presents the method of fundamental solutions (MFS) for anti-plane wave problems
of anisotropic materials. The MFS represents the displacement field of the materials using
the linear combination of fundamental solutions, and determines approximation coefficients by
boundary conditions. In this manuscript, we will show some results of the MFS for anti-plane

OABHEEATIARER BANFEESR

wave scattering of anisotropic materials.
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Fig. 1 Anti-plane wave scattering by a scatterer.
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Fig. 2 Comparison of boundary values computed by MFS
and BEM (Fixed-displacement boundary condition).
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Fig. 3 Comparison of boundary values computed by MFS
and BEM (Traction-free boundary condition).
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Analytical Modeling of Bentonite Extrusion of Crack in Rock Fracture

af A (RIRK - 1)

W BE (BIRK - T)

Yuya KANEUJI, Tottori University
Masanori KOHNO, Tottori University
E-mail: kaneuji@tottori-u.ac.jp

The prediction of the bentonite extrusion of the crack in rock fracture is necessary to evaluate the performance
of the natural barrier system for high level radioactive waste disposal. This study presents the analytical
model for predicting the bentonite extrusion of closed-end crack considering the swelling behavior of the
bentonite. The analytical results obtained suggest that the bentonite extrusion depends on the external
swelling pressure in the initial stage of the extrusion process, and then the bentonite fills the crack over a long
period owing to the absorption of trapped fluid in it into the bentonite.
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Fig. 1 Schematic of the bentonite extrusion of closed-end crack.
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Fig. 2 The absorption of trapped fluid in crack into solid phase.
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Table 1 The analytical parameters

e JEHUR S

a[mm] Dd [m?/s]
Case-1 1.5 1012
Case-2 1.0 1012
Case-3 0.5 1012
Case-4 1.5 1010

2
! ," a=15mm, Dg= 1012 m%/s
0.2 K - — a=10mm, Dyg=10"2 m¥s ||
N —-=a=05mm, Dy= 10712 m?/s
! a= 1.5 mm, Dy = 10" m¥s
0 , ‘ " '
0 20 40 60 80 100

t [year|
Fig. 3 The analytical results
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JNC TN8400 2003-026, 2003.
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FSC4E, 1982, 8-16, 1982.
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-2C01-06-01 -



2C01-06-02

TARZR E25AMANEY VRY T LEBEBRES (2022458)

DFRAFERICLDEVER)OTA FBRDKDFEGA T DO MER
Analysis of Water Molecules and Cations Distribution
in Montmorillonite Interlayer by Molecular Dynamics Simulations

FA Bkl - ARA FE (FILK - REAMRNT) A HEAT GROT LR - T5F)
Itsuki MORIMOTO, Okayama University
Kazushi KIMOTO, Okayama University
Katsuyuki KAWAMURA, Tokyo Institute of Technology
E-mail: pm0i2434@s.okayama-u.ac.jp

As an effort to establish computational methods for predicting and evaluating the swelling behavior of
montmorillonite, the distributions of interlayer water molecules and cations in Na- and Ca-montmorillonite
were analyzed using molecular dynamics simulations. The results indicate that the coordination structure of

OABHEEATIARER BANFERES

water molecules differs depending on the type of cation and hydration state.
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Fig.1 Molecular dynamics model of Na-montmorillonite
(layer charge: 0.56e, n = 5.0)
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Fig.2 Change in the number of water molecules coordinating
to Na'(red) or Ca®"(blue) with increasing interlayer water.

Coordination number of H,O molecules
around interlayer cations
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e gy s T L
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0 0.05 0.10

number density [A3]
Fig.3 Distribution of water molecules and interlayer cations.
Volume-rendered projections to the plane normal to the a-
axis. The greyish and reddish colormaps represent the
number density of oxygen atoms of water and cations,
respectively. (a) and (c) correspond to 1-layer hydration, (b)
and (d) correspond to 2-layer hydration.

3. BAF oADK FHEMBEUVERICEITE5H

Fig.2 130 F B /15AEI K o TR =8RG A A4 il
NF B ARSFEZR LTS, BEfE B R B~k Fn &
n, FEENIIAKY FEON B R 9. ERIKEOHEIIEEN A
A BB TeRS TR EEIM L TR Y, Na B TIIERLEDS 3-
4 BN 5-6 ORFZZE DX B3RO0 L >TWDH, —7FF Ca
G, BN B L 5 KO 8 OIFOMHE BMELHTH
L. ZhiE, A AL BRIABEDZEIZIS LT, BA A
Y EZORBOKGTDIEHE LT VR Y T — 7 &N
HBpnZ LERLTND.

T, Fig2 12V T & 2580772 8 Rl K B O #i P />
H(@)-()TRI G TET VAL, BREBGA 4 &Ky
T OFEJH IR 2EM A TN, ZORER%E Figs, 4 1R
T AE L a B, BEIL ¢ BCEEREmARHE L TR,
T =<y TORIRIIKG FBF (7 V—), A A GR)
OEFEEART. Figd ICEBT5 &, KFEDODZ20 (),
() TIEERHIAN 1 O TR AT 5 1 EARFUIREE, K
FIEDZUND), (A)TIX 2 BAFIRIEL 725 TWND Z &35y
M5, (a)THE Na" D ETFEL LD BN KGTIZHE i T
FORHANERE B4 I8 LT D Z OdREEIZ N BBISE A L i
s, ZnEHEET DL, ) TIEKRSFL CaZ e bic
JEE Rz SMER AR SN 5. 7272 L, Ca BT 20%F2
JEDIRWFEREE T 2 BAMEEKT D 2 & BAER TR
SINTEY, EBEICZOX IR0 E 25 DIFR BN 5
HFThdEEZOND. —HD 2 BAKFIKETIE, WA
FURE BT 2 DOKRGFBICERENTE Y, HEEEE
LTS, WEZERT 5L, (b)T Na A ESEICA

TARZR E25AMANEY VRY T LEBEBRES (2022458)

(a)Na,n=2.75

(b) Na, 7 = 5.00
50 :'-'.: .:s. . -': ,. % £

[V
o

I
o

405+~

w
o

3044
vy *

20[-

N
o

-
o

10+

AP I
-’-.I..‘ /'4’ s -"Q -

20 40
(d) Ca, n=5.50

o) "

w
=)

b-coordinate [A]

IS
o

w
=]

N
o

-
o

] e . o

dinate [A
a-coordinate [ O(water)
cation
0 0.05 0.10
number density [A-3]

Fig.4 Distribution of water molecules and interlayer cations.
Volume-rendered projections to the plane normal to the c-
axis. The same colormaps are used as in Fig.3 to represent
interlaver water molecules and cations.
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Fundamental Study on Geotechnical Physical Modeling with Laponite as Transparent Clay

Bpell RN (PR - AT AT)

HH BHE @K AT LT

Hideto NONOYAMA, National Defense Academy
Yoshihisa MIYATA, National Defense Academy
E-mail: nonoyama@nda.ac.jp

Geotechnical research using transparent soil techniques to make the internal behavior of the ground has been
widely conducted recently. In this study, quantitative evaluation of transparency, physical and mechanical
tests were conducted for a new transparent soil mixed with laponite and water, and their applicability to

geotechnical physical modeling was investigated.
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Fig. 1 Test on transparency of laponite mixture.
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Fig. 2 MTF distribution (Mixing ratio: 5%).
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Table 1 Physical property of Laponite mixture.

Mixing ratio % 5 10 15
Liquid limit WL % 1099.0 | 487.9 | 434.1
Plasticity limit  wp % 73.0 47.8 41.1
Plasticity index  Ip % 1026.0 | 440.1 | 393.0
Density ps  glem?® 2.58
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Fig. 3 Uniaxial test specimen (Mixing ratio: 10%).
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Fig. 4 Stress-strain relationships of the samples.
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Numerical Simulation of Unsaturated Cyclic Shear Test Considering Enclosed Air in Void Water
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Takaki MATSUMARU, Railway Technical Research Institute
Toshiyasu UNNO, Utsunomiya University
E-mail: matsumaru.takaki.35@rtri.or.jp

In recent years, a lot of surface failure of natural slopes and earth structures occurred due to severe earthquakes.
Because the surface of ground is in unsaturated condition, clarifying the cyclic behavior of unsaturated soil is
important. The test results of unsaturated cyclic shear tests suggested that the enclosed air in void water
contribute to decrease of the shear strength of unsaturated soils. In this paper, the method considering the
enclosed air was applied in the numerical technique of unsaturated soils, and its effect was examined through
the numerical simulations of unsaturated cyclic triaxal tests.
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Effects of Particle Size Distribution on Run-out Distance of Sediment Flows
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This study presents the effects of particle size distribution on granular flows. Different particle size distributions
are represented in granular flow simulations with a simple slope model, and flow behaviors and run-out distance
are examined. According to the obtained results, the run-out distance is underestimated under the condition of

monodisperse granular model. In addition, it is clear that there exists strong correlation between run-out distance
and degree of particle size segregation of granular model. Therefore, particle size distribution should be taken
into account for safety evaluation of run-out distance of sediment flows.
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Some previous contributions found that the rheological properties of bi-disperse flows fall
in the u(I) rheology framework established for monodisperse ones’ %, while the exact
relations remain unclear. In this work, we computationally explore the influence of the
bidispersity on the rheology of steady, dense bi-disperse flows by performing inclined
plane simulations using 2D discrete element method. It was found that the linear function
of u(I) and ¢(I) can be adopted in bi-disperse systems, while their material constants are
affected by the particle size ratios and the local volume ratio.

1. Introduction

Efforts made over the past decades have led better understand-
ing of the rheology of dry granular materials in the dense state"
2), A representative theological law — u(I) rheology model ac-
counts for the relations between the effective friction (4 = o /0y,
where g,, and o; denote the normal and shear stresses), and solid
fraction (¢), through a dimensionless inertial number:

1 :yd\/p/an» (€Y}
where y, d and p represent the shear rate, particle size and mate-
rial density. The values of I correspond to different flow regimes
and typically an intermediate value (0.001~0.3) indicates a dense
flow regime. For this regime, the u(I) model describes the de-
pendency of u and ¢ on the inertial number as below:

w=po + A4l ()

¢ = ¢o — B 3
This model has been tested through extensive experiments and
simulations!-? for monodispersed systems. However, the applica-
bility of it for bi-disperse systems remains unclear. Rognon et al.)
found that the rheological properties of bi-disperse flows fall in
the same framework with monodispersed one by substituting d
in Eq. (1) with a mean particle size <d>= fld’ + f5dS, where
fE and f5 denote the local concentrations of two constituents.
However, their results also showed the u(I) and ¢ (/) relations
are strongly influenced by the compositions of bi-disperse sys-
tems. Consequently, this work aims to provide a detailed descrip-
tion of the rheological law for bi-disperse systems via the 2D dis-
crete element method (DEM) 4.

2. Description of bi-disperse granular simulations

2.1. Numerical experiments

We simulate a two-dimensional slope 6 tilted from 17° to 25°,
as the configuration described in Fig. 1(a). By imposing a peri-
odic boundary condition in the streamwise direction, we are per-
mitted to achieve an infinitely long simulation time which ensures
that the flow can reach a steady state. Particles with two different
sizes (denoted by d* and d°, and a small dispersity of +5% is in-
troduced to avoid crystallization) are perfectly mixed on the plane
at first and start to flow due to gravity. For the bottom part, we
glue the small particles disorderly to a bottom wall to avoid slid-
ing and strain localization. The initial height of the samples is
H = 80 d° and the length is L = 120 d5 for all simulations, i.e.,
the total volume is fixed irrespective of the system compositions.

In this work, we mainly discuss the rheological properties and
applicability of u(I) rheology for different bi-disperse samples,
i.e., with various size ratios (S, = d*/d5, vary from 1.5 to 5) or

various mixing ratios (V. = VE/(VE +VS), defined as the vol-
ume ratio between the large ones and total particle space, vary
from 0.3 to 0.7), under the shear effects provided by different
chute inclinations 6. Moreover, since the influence of interaction
parameters is not significant for the rheology of dense systems
unless their values are set extremely? ¥, in the following, the co-
efficients of restitution e,, = e, = 0.5, the inter-particle friction
Up = 0.5 and the spring stiffness k./k,= 0.5 (also pgH /k, <
5x 10™* is guaranteed to avoid large penetrations) are main-
tained for all the contacts.

2.2. General behavior

A uniform, steady regime is deemed to be reached only when
both the mean velocity and segregation extent (particle size seg-
regation occurs in our simulations due to the presence of stress
gradient, as reported in many studies®) do not show obvious var-
iations over 50s. Enough raw data of the steady state allow us to
calculate time-averaged values from many configurations as well
as spatial mean values along the vertical axis (by taking slices
over the y-axis, see as Fig. 1(b)).

(a) e Sj’hu

ey

< Legs
3~ Sloy,

Fig. 1. Sample of bi-disperse granular flow with S, = 3.0 and
V. = 0.50 (a) in the initial state (= 0) and (b) after steady state
is reached and segregation has occurred (¢ = 100s). The incli-
nation is 6 = 25°. A zoom is shown in the inset of (a) and a
slice for the space average is shown in (b).
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3. Results and discussion

We first summarize the obtained (1) and ¢(I) relations of the
bi-disperse flows in Fig. 2, and for comparison purposes, we also
present the monodisperse results in the figure. Note that only rep-
resentative data are displayed in Fig. 2. It is found that the effec-
tive friction linearly increases and the packing fraction linearly
decreases as the inertial number increases, which shows Egs. (2)
and (3) also hold in bi-disperse cases. On the other hand, the con-
stants in Eqgs. (2) and (3) that are yg, ¢, A and B are affected both
by the size ratio, S, and the local volume concentrations of larger
particles fL, as shown in Fig. 2 by the linear fitting lines for dif-
ferent S, and fL.

5.0 Sr
7,71

/o

Monodisperse /4'
/| o f"c[0.00,005] (DEM)
0254 4 fF<[0951.00 (DEM)
f* €10.60,0.70] (DEM)

0.85 H— — —#* € [0.00,0.05] (Fit)
— — — f* € [0.95,1.00] (Fit)
f* € 0.60, 0.70] (Fit) 7

0.80 | iy,

i

m@

g

0.75 \\

0 0.1 02 030 0.1[0.2 030 0.1 02 03

Fig. 2 u(I) and ¢(I) relationships described by DEM data
(colored markers) and fitted curves via Eq. (2) and Eq. (3)
(dotted lines) for S, = 2.0, 3.0 and 5.0. Black line denotes re-
sults from the monodisperse case performed with same param-
eters.

Figs. 3 and 4 shows how the above four constants are affected
by the varying S, and fL. The dashed lines are the values of
mono-disperse system. Regarding ¢, in Fig. 4(a), the solid frac-
tion in the quasi-static limit, we found that the maximum value
occurs at approximate fr= 0.6~ 0.7, nearly regardless of the par-
ticle size ratio S, and the peak of the curve increases in increas-
ing S;. This observation is consistent with many previous studies
on the packing of bi-disperse granular systems”. On the contrary,
the value of B, the decreasing rate of ¢ with respect of I, de-
creases with increasing S, in Fig. 4(b). This implies that the de-
viation from the monodisperse system increases with 1.

As for pg, the effective friction in the quasi-static limit, Azema
etal.” reported that the shear strength is nearly independent of ..
According to Fig. 3(a), however, we observe a slight dependence
both of S, and f* on u,y, which may be correlated with the de-
pendence of the solid fraction ¢. The value of A, the increasing
rate of p with respect of I, decreases with increasing S,.. The
mechanism of the observed trend of A and B is not very clear so
far, and further investigation is needed.

4. Conclusions

In the chute flows simulated in this work, the analysis of the
rheological properties reveals the influence of the bidispersity on
the shear strength and solid fraction. It was found that the linear
relations Egs. (2) and (3) are valid not only the monodisperse sys-
tem but also bi-disperse system up to its size ratio of 5. However,
the material parameters g, ¢, A and B were found to be the
function of the size ratio, S,., and the local volume fractions of
large components, fL. The values of the quasi-static limit, uo and

TARZR E25AMANEY VRY T LEBEBRES (2022458)

¢, can be understood based on the previous research, while the
physical interpretation of the effect of S, and f* on A4 and B is
still under investigation.

1.2
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Fig. 3. Fitted values of (a) p, and (b) A as functions of f* for
all values of S,.. Error bars represent the standard deviation of
the fit and fit functions refer to Eq. (2).
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Fig. 4. Fitted values of (a) ¢y and (b) B as functions of f* for
all values of S;.. Error bars represent the standard deviation of
the fit and fit functions refer to Eq. (3).
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Development of physical phenomena based hydrologic model employed monolithic technique
for combine different hydrodynamical equations

il #iT (BRUa At ds it 7enT)

JRE By CRAERZFERZRE TEpgest)

Norihito TAKAHASHI, CTI Engineering Co., Ltd.
So KAZAMA, Graduate School of Engineering, Tohoku University
E-mail: takahashi-norihito@ctie.co.jp

To evaluate the impact of the barometric pressure drop caused by the super typhoon on flood flow is important.
This paper studied effect of barometric pressure change to free water level of land area such as ground water
level, surface water level using physical phenomena based hydrologic model. The simulation results clearly
show that barometric pressure drop make free water level increase as same as sea area.
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3D Numerical Simulation of Lateral Overtopping Flows in Curved Channel
Using Boundary Fitted Coordinate System

Qiyun PANG, Kyoto University
E-mail: pang.qiyun.36r@st.kyoto-u.ac.jp
Shinichiro ONDA, Kyoto University
E-mail: onda.shinichiro.2e@kyoto-u.ac.jp

In this study, a three-dimensional (3D) numerical model of open channel flows in boundary fitted coordinate
system with density function method is used, and by applying the model to the previous experiments, the
hydraulic characteristics of lateral overtopping flows around a side weir in curved channel are verified.

1. Introduction

Typhoon No.7 brought successive, extremely heavy rainstorm
landed in western Japan and resulted in catastrophic floods in the
summer of 2018. In this flood disaster, the water level rise in river
flow over a short period of time led to the levee breaching, which
caused severe damage in landside region. Therefore, methods that
can predict flood flows and bed deformation around a levee are
of great significance for flood mitigation.

On the other hand, side-weirs, or rather lateral overflow weirs,
are river structures aimed to relieve flood risks by leading flood
flows that exceed the capacity of river channels to a reservoir. To
examine the characteristics of lateral overflows, side-weirs set on
straight channel have been widely studied and attracted much
meaningful research efforts)> ?. However, because of the
topography and the limitation of urban regulations, the side-weirs
basically need to be constructed in the curved part of the river
channel. Moreover, due to the influence of centrifugal force,
secondary flow, and other factors, the hydraulic characteristics of
river flows may differ from those in straight channels, so that the
previous characteristics for straight channel may no longer be
applicable, and more researches on side-weir flows in curved
channel need to be conducted both experimentally and
numerically.

Asai et al.¥) and Kawamoto et al. ¥ have studied the various
characteristics of the side-weir flows in curved channel, such as
water surface profile, velocity distribution and outflow rate etc.
through the several different experiments. Akiyama et al.>)
developed a two-dimensional (2D) model governed by 2D
shallow water equations to predict the side-weir flows in
meandering channel. Though the prediction of discharge and
inundation flow were satisfying and relatively accurate, the
overall calculated water depth and velocities were slightly larger
than the experiment, and it was also observed that overflows
around side-weir were not accurately simulated. The reason why
prediction errors were large may be the fact that the three-
dimensionality of the flows near the side-weir brought by impact
between water and wall is strong, and it is quite difficult for a 2D
numerical model to simulate such sophisticate flows. In addition,
the complex flow patterns, such as secondary flows, are also
difficult to be simulated by a 2D model. For three-dimensional
(3D) simulation, Bagherifar et al.% predicted the discharge rate,
water surface profiles, specific energy, and surface velocities in
straight channel with circular cross section using FLOW-3D
software. Though their model can predict characteristics of side-
weir flows with suitable accuracy, their retangular grids cannot fit
the circular boundary completely, making them use more grids to
fit the boundary shape as closely as possible.

In this study, to compensate for the shortcomings of 2D model
and fit any 3D complex geometry with less grids, a 3D RANS
model is developed to analyze the flow fields around the side-
weir of laboratory scale experiments in curved channel by
Kawamoto et al. . This model is based on the finite volume

method in the curvilinear coordinate system (or boundary-fitted
grid) fitted to a complex boundary.

2. Governing Equations

The boundary fitted coordinate system is adopted for the 3D
model so that a boundary-fitted grid can be generated in a curved
channel, and the density function method is performed to capture
water surface fluctuations in unsteady flows. The governing
equations, by Onda et al.”, are as follows.

o 1 oV

— ‘./E: 1)
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where t: time, &!: spatial coordinates of the computational
space, ®: density function, V!: contravariant component of
velocity vector, v': contravariant component of the turbulent
velocity vector, p: pressure, p: density of the fluid, F!:
contravariant component of gravitational acceleration.

A quadratic non-linear k-¢ model is adopted in this numerical
model.

3. Numerical Methods

In this study, the governing equations are discretized by the
finite volume method (FVM) on the full staggered grids in
boundary fitted coordinates system. The flow velocities in three
directions are defined at central points of grid surfaces, while the
pressure, density function, turbulence energy and turbulence
energy dissipation rate are defined at the centroid of each cell.

The QUICK scheme is adopted to discretize the advection
terms of the momentum equation, the TVD-MUSCL method is
used to discretize the advection equation of @, and the governing
equations of k£ and ¢ are discretized and solved through Hybrid
method. The pressure is solved by using the SOLA algorithm
which is extended into the form of curvilinear coordinate system.
The time progression is completely explicit, by using 2nd order
Adams-Bashforth method.

The wall function method is used for the boundary condition of
fixed bed. To prevent blurring phenomenon of the gas-liquid
interface due to numerical diffusion. The details about the

numerical model are explained in the reference 7.

4. Results and Discussions

Model validation was performed based on the experimental
flow data measured by Kawamoto et al.”). The flow parameters
and hydraulic conditions were the same as the experiments . Fig.
1 and Fig. 2 show the schematic views of the experiment set-up
and the side-weir in details. The experimental conditions are
shown in Table 1. /1, h2, h3 are the water depths at center of each

- 2D01-04-02 -
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Fig. 1 Schematic view of experiment set-up Fig. 2 Schematic view of side-weir
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Fig. 3 Calculated and experimental water surface profiles Fig. 4 Calculated and experimental velocity distributions
Table 1 Flow Conditions Acknowledgments
Case Length of side- Height of side- Qv This work was supported by JSPS KAKENHI Grant Number
weir L (cm) weir w (mm) (m’/s) 21K04272.
1 20 0 0.0020 References
2 20 35 0.0020 1) Hager, W.H.: Lateral outflow overside weirs: Hydraulic
3 20 0 0.0030 Engineering, ASCE, 1987, Vol.9, pp.491-504
4 20 35 0.0030 2) Ranga Raju, K.G., Prasad, B. and Gupta, S.K.: Side weir in
5 20 0 0.0042 rectangular channel, J. Hydraulics Division, ASCE, 1979,
6 20 35 0.0042 Vol.105, pp.547-554
3) Asai, K., Kawamoto, N.: Shiromizu K. and Shiromizu H.:
section respectively, and Section 2 is set as the origin xo = 0. O Study on Lateral over flow from outer side breach and inner
is inflow rate, Qour is outflow rate, Omea is the overflow rate, B side breach in curved channel, Journal of Japan Society of
is the width of main channel, w is the height of side-weir and L is Civil Engineers, Ser. Bl (Hydraulic Engineering), Vol.74,
length of side weir. For boundary conditions, a constant flow rate No.4, pp. I 637-1 642, 2018. (in Japanese)
Qv was given at the inlet of upstream, and the gradient of the 4) KawamotojN., Xsai, K. and Shiromizu, H.: Water surface
physical quantities were set to zero at the end of both the side weir and velocity profiles in curved channel with lateral over flow,
channel and the main channel. Calculation time is up to 200 (s), Journal of Japan Society of Civil Engineers, Ser. Bl
when flow is steady, in each case, and time step At is 0.0005 (s). (Hydraulic Engineering), Vol.74, No.5, pp. 1 775-1 780,
Fig. 3 and 4 show comparison of the water surface profiles in 2018. (in Japanese) - -
Case 3. The weir height of this case is 0 (mm). Compared to the 5) Akiyama, J., Shige-eda, M., Ohba, K., Yamao, M. and
experiment, this model can simulate the changes of water surface Monden, R.: Predictions and characteristics of dyke breach
profile, especially in the upstream and downstream area. For side- flows in straight and meandering channels, Journal of Japan
weir area, the lowest point of water surface occurs at Section 2 in Society of Civil Engineers, Ser. Bl (Hydraulic Engineering),
the simulation, while lowest water surface directly was found at Vol.68, No.4, pp. I_1021-1_1026, 2012. (in Japanese)
Section 1 in the experiment. Both simulation and experiment 6) Bagherifar M, Emdadi A, Azimi H, Sanahmadi B, Shabanlou
show that the water surface drops occur at the side weir upstream S.: Numerical evaluation of turbulence flow in a circular
as the flows approach Section 1, and water surfaces rise in side conduit, Applied Water Science 10, 35, 2020.
weir area. However, the water surface of experiment reaches the 7) Onda ,S Hosoda. T. Kimura ’ L ’ and Jacimovic. N.:
highest level at Section 3 and the water surface of simulation Devefoprr;ent and a,ppli;ation of r,lumerical method in’open
gradually reaches the same level. In the simulation, to reduce channel flow in boundary fitted coordinate system with
computational time, the grid size in the main channel direction is density function method, Journal of Japan Society of Civil
4 (cm). The reason the results do not fit well is the rough grid size, Engineers, Ser. Bl (Hy(iraulic Engineering), Vol.72, No.4
compared with the side-weir length of 20 (cm), therefore a finer I 505_’1 51'0 2016, (in Japanese) T e
grid will be tested in future study. pp- L - ' P
5. Conclusions
In this study, the numerical simulation of lateral overflows in
curved channel is carried out, and it is shown that the model can
predict the changes in water surface profile and velocity
distribution reasonably.
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Drainage function of vertical pipe flow due to artificial spiral flow

LZH— (AARRYE - BT HAR) MR (AARFERZRE - 24 - BT 4K)
Youichi YASUDA, Nihon University, College of Science and Technology, Dept. of Civil Engineering

Tetsuta Murano, Master Student, Nihon University, Graduate School of Science and Technology, Dept. of Civil Engineering

E-mail: yasuda.youichi@nihon.ac.jp

Clarification of hydraulics in vertical pipe flow connected to manhole is significant for the drainage faculty
during rainfall. The installation of a spiral coil in vertical pipe connected has a potential to create effective
drainage function. As a first stage, experimental investigation on drainage function of vertical flow was
conducted by using an adjusting tank connected to a vertical pipe. In vertical pipe with a spiral coil, covering
the upper part of the suction vortex will work suction on the cover and greatly improve the drainage function.
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ELL, MAE, MHEICEROELSOEZELEFRT, v Photo 1 Experimental setup of vertical pipe connected to tank
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KR 0.40 m, KEEES 1.00 m, KEES 17 m 26575
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B 21IR9 RS 0.60 m, £ 10 mm OB OERFE= AL (O Case 4 | 0075 | o0 | 297 s | o075 | 1215
NERIZE DY T ZIEFERIZL, 0.10m fHkFE 1 BXxL5 L Case5 | 00723 | 00126 | 2.87 L1 0.69 1222
- s 42 - - Case 6 | 0066 | 00118 | 2.69 1.04 0.63 1.200
OéiJ[lI) %ﬁlbfl’ 2. %;%ﬁ*ﬁ:\%i 1 &uTj‘. zéa‘fj;ﬁ— Case7 | 0065 | 00113 | 257 1.00 0.62 1.157
PAZELIE, W 1 IRSNAISIT, $hiEE o EiIC A% E Casc8 | 0.063 | 00107 | 2.43 0.94 0.60 1,108
EROMFTIOREEE ST, ERIT 16 MEREZBELZ L —RD Case9 | 006+ | 0.0101 | 230 0.89 061 104l
FBANCREI b DL T 5. 70k, BHEA A DEB S TR T By v e B B ey
LA DWT Case 16, 20 LRI O E CTRFTEIT 72, K Case 12 | 0051 | 00076 | 173 0.67 0.49 0.879
HEIZONTIE, BAL I =% FANT, Tz 7 Tok Case 13 | 0.049 | 0.0063 1.43 0.55 0.47 0.738
. NN oo — 3 z 3
VE ha B BELT. ENO T T VSN AT TR IR b | Quns | Q) LQum/ | WD | G
e 2 Case 14 | 0.117_| 0.0063 1.43 0.553 111 0.478
3. R Case 15 0.125 0.0064 1.47 0.568 1.19 0.475
Case | 8L Case 21 O EBE 31T/, g2 A Case 16 | 0.13 | 0.0068 1.56 0.603 1.24 0.495
/l/%ﬁﬁ‘ﬁ Lf:%%“@ 1‘1:) @ﬁlﬁ%@t%m: Fﬁﬁ%%lﬁ %%ﬁlﬁ L Case 17 0.14 0.0072 1.63 0.632 1.33 0.500
§ o AR = R Case 18 | 0.145 | 0.0075 1.72 0.665 138 0.517
RWEEIE, WREBEESEINT D &, WEARRBTER S L CZZ: 19| o015 | 00079 1.80 0.696 143 0.532
AN, SNEE TITEICHEE L - KIAEA LIRS TEEL S Case20 | 0.155 [ 0.0082 1.86 0.719 1.48 0.540
_ \ o) - s = TN Case21 | 0.16__| 0.0085 1.94 0.753 152 0.557
ND. O, MEEO EICHERBERE L 5hE, Case22 | 017 | 0.0089 2.02 0.782 1.62 0.561
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Fig.1 Schematic diagram of blockage device above vertical pipe

Photo 3 Fitions around vertical pipe
Upper: non-blockage device; Bottom: blockage device
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Fig. 3 Changes of Ca with F at inlet of vertical pipe
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Numerical study of the interaction of the flow
around two Savonius turbines with phase differences
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Akiko MINAKAWA, Ochanomizu University
Tetuya KAWAMURA, The Open University of Japan
E-mail: minakawa.akiko@is.ocha.ac.jp

In this study, we investigate the flows around two Savonius turbines that rotate independently by numerical
simulation considering the application to ocean current pawer generation. In general, when analyzing the flow
around a rotating object, a rotational coordinate system is often used. However, it is difficult to calculate with
such coordinate system when two objects rotate independently. Therefore, we use the overset grid that
consists of two rotational coordinates for each turbine immersed in a steady coordinate to calculate this
turbines’ system. In this study, two-dimensional simulation is performed for two turbines rotating opposite
direction each other, by changing the direction of the mainstream, the rotation speed, and the phase difference
of the turbine so that the influence of interaction between them are investigated.
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Fig. 1 Schematic diagram of two Savonius turbines
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A consideration on compound degradation of tunnel lining cracks for cold region
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Kazuhide KAMURO, CTI Engineering Co., Ltd.
Atsushi SUTOH, Tohoku Institute of Technology
Takashi SATO, Civil Engineering Research Institute for Cold Region
E-mail: kamuro@ctie.co.jp
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In this study, in order to accumulate basic information for the maintenance and management of tunnels, the
regionality in the combined degradation of the depth of centralization and the salinity concentration is
examined. In this paper, the tunnels of Hokkaido are regionally degraded, and the values of tunnels belonging
to inland and coastal areas, as well as each region, are graphed and examined. The purpose is to compare and
consider the combined degradation of coastal and inland areas. Also, it is a comparison and consideration of

the progress of the compound deterioration by the region.
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Fig. 4 Chloride ion concentration according to the area
(The Sea of Japan side south and the Pacific Ocean west)

Table.1 The wind v direction, elocity and the anti-freezing agent
(The Sea of Japan north and the south)

. Mean wind Mean wind Anti-freezing agent
Weather division . L
velocity (m/s) [  direction (ton/km)
Sea of Japan East-southeast
north 5.115 ast-southeas 3.610
Sea of Japan South-
south 4.154 southeast 2952

Table.2 Possibility of the freezing and thawing (zoning factor)

Weather division | Zoning factor Note
Sea of Japan
north 4.8 The highest temperature the days of
Sea of Japan more than 0.0 and the lowest
south 3.5 temperature the number of days of less
The Pacific 6.0 than -1.0 from reference document 3)
Ocean west i
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AR R U, 5 523 %, pp.9-16, 1999
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The management of river revetment is mainly carried out visually by engineers. There are many types in the
deformation related to the functional depression of the river revetment. If these can be detected from revetment
images, the efficiency improvement of inspection can be expected. Recently, VAE has been shown to be
effective as an anomaly detection technology for uniform components. Since river revetment is formed by
blocks of the same pattern, it is thought that anomaly detection in individual blocks is possible. This paper
proposes the method for cropping individual blocks and the effectiveness of anomaly detection by VAE.
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The objective of this study is to find out the effective data augmentation method for detecting a wood broken
sound by using CNN. In this study, the time stretching of sound and the noise addition are investigated as a
data augmentation method. The simulation results show that those methods are very effective in improving
the detection accuracy in case that the test and learning data are recorded in the same environment. On the
other hand, the use of sounds recorded in various environments is needed to improve the accuracy in case of

testing sounds recorded in different environment.
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Table 1 Recording environment of a wood broken sound.

1D Recording environment Num.
a Put on a table 675
b Wrapped in cloth, on a table 626
c in the next room 354
d in the corner of a room 539
e in a box 473
f Wrapped in cloth in a box 452
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Table 2 Improvement of indices due to time_strech.

TARZR E25AMANEY VRY T LEBEBRES (2022458)

Table 3 Improvement of indices due to noise addition.

additional rate 0% 100% 500% test data additional rate 0% 500%

accuracy benchmark 0.947 0.973 0.994 accuracy 0.932 0.984

augmentation - 0.969 0.979 wood broken recall 0.990 0.998

recall benchmark 0.973 0.996 0.996 sound precision 0.888 0.972

augmentation - 0.969 0.969 F-measure 0.936 0.985

.. benchmark 0.925 0.952 0.992 accuracy 0.881 0.969

precision I igmentation - 0.956 | 0.989 + od sound recall 0.887 0.967

Fomeasure |_benchmark | 0.948 [ 0.974 | 0.994 fixed soun precision 0.877 0.971

augmentation - 0.969 0.979 F-measure 0.882 0.969
—HLELTEDDHILTHET—F L L. ZhEaT—4 Table 4 Indices in case different environmental data is tested
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Analysis of covariate shift reduction for stable damage detection in infrastructure images
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The covariate shift is a factor that reduces the accuracy of pattern recognition. Since the images of the
infrastructure are mainly taken outdoors, the damage detection task inluenced by a covariate shift. This study
aim to establish a method to reduce covariate shifts in infrastructure images and to realize stable inference. This
paper shows the results of analyzing the relationship between the distribution of input data and the distribution

of the intermediate layer of the CNN model.
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GPU-accelerated Three-dimensional Seismic Soil Liquefaction Simulation and its Surrogate Model
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In this study, we developed a GPU-accelerated method for three-dimensional seismic response analysis
considering soil liquefaction. The finite element method was used for the analysis, and the adaptive conjugate
gradient method was used for solving the target equation. The whole analysis was parallelized with MPI and
OpenACC. The developed method achieved a 10.7-fold speed up over a CPU-based implementation. Since the
developed method make it easier to perform analysis multiple times, we constructed a surrogate model through
machine learning using analysis results. It enabled faster evaluation of seismic response.
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Fig. 1 Soil-structure model used in the large-scale simulation
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Fig. 3 Estimation by the surrogate model
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The relation between the randomness and un-differentiability in the Stochastic Process

ek MR GUEBRSE: - A EBUR WP FBERY: - HF%ER)

Tadanobu SATO

(Kyoto University ; Kobe-Gakuinn University)

E-mail: satotdnbseu@yahoo.co.jp

We discuss the relation between randomness and un-differentiability in the stochastic process. For that purpose
we first discuss the discontinuity with respect to (wrt) the parameter of the stochastic process, which is
composed of an iid generated random series form the probability density function (PDF) of the stochastic
process. We first define the generalized Brownian noise but it is converted to the Brownian noise based on the
central limit theorem. We define the stochastic differential equation for higher derivative of stochastic process
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Fig.1 Three stochastic processes

The top figure is the Brownian noise process; Vdt6,

The middle figure is the cumulative sum of vdt6,

The bottom figure is the cumulative sum of 8,dt'>
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Accuracy Evaluation of Landslide Simulation using Depth Integrated Particle Method

Fazlul Habib CHOWDHURY, University of Tsukuba
Takashi MATSUSHIMA, University of Tsukuba

E-mail: fhchy@yahoo.com

DIPM (depth-integrated particle method) is an effective numerical method suitable for sediment-related disaster
simulation of a very wide area with detailed topographic information. The model considers the flowing mass as
a combination of soil columns. The equations of motion of such soil columns are solved as two-dimensional
discrete 'particles' traveling through the surface terrain. The particles are susceptible to bottom shear friction
computed by modified Manning's formula with yield stress and column-to-column interaction based on their
hydraulic gradient. Consequently, the flow behavior is governed by only two material parameters: the Manning's
coefficient » and the critical deposition angle i.- related to the yield stress. Flow simulations were conducted by
considering the slope failures at the Tomisato and Horonai district of Atsuma town during Hokkaido Eastern
Iburi Earthquake (2018) as case study areas. The topographic data were extracted from national data widely
available for Japan using GIS. The difference in geological conditions, vegetation and water content of the case
study areas had some influence while identifying the material parameters through flow simulation. The average
value for n and i.- are 0.1 and 6°, respectively, with an average accuracy of 66%.

1. Introduction

The Hokkaido Eastern Iburi earthquake struck at 3:07 on
September 6, 2018, at the southern part of Hokkaido, Japan,
causing thousands of slope failures spread over hilly regions
within approximately 400 km? in Atsuma, Abira, and Mukawa
town. In the current study, slope failure that occurred in the north
of Atsuma town at Tomisato and Horonai district was analyzed as
case studies. The slope of this area is covered mostly by layers of
volcanic ash soil. The slope failure type was categorized as earth
flow type. Slip surface was described as the Ta-d pumice layer
from the Tarumae volcano 9,000 years ago and the En-a layer
from the Eniwa volcano nearly 200,000 years ago (Kawamura et
al.,2018").

The topographic information of the study areas, which is about
2000 km by 2000 km for Tomisato and 3000 km by 3000 km for
Horonai District (Fig. 1), was extracted from the Digital elevation
model (DEM), composed of 10 m mesh using ArcGIS software.
The initial failure locations were set from the slope failure
distribution map by GSI using ArcGIS (GSI?; Kita,2018).

Lo 20 b )
I Collapsed Slope Areas

Sediment Traces of Collapsed Areas

GoogleEarth & %

F1gure 1 Slope failure locatlons at the Tomisato area.

The study adopts a depth-integrated particle method (DIPM)
with a simple constitutive model that can simulate landslides'
phenomena in a wide area with detailed topographic information
(Hoang et al.,2009%; Zhang and Matsushima,2014%). The model
deals with the flowing mass as a combination of soil columns.
The equations of motion of such soil columns are derived as 2D
discrete 'particles' moving along the surface terrain. A linear
interaction model describes the interaction between two
neighboring particles based on their hydraulic gradient. The
model mainly comprises two governing parameters describing
debris flow: Manning's coefficient and critical deposition angle.
Because of such a simplified structure similar to the Discrete

Element Method, DIPM is a very efficient and stable flow
simulation method compared to other methods based on the finite
difference method (Ouyang et al., 2013%) or Smooth Particle
Hydrodynamics (Pastor et al., 20097). In this paper, we evaluate
the accuracy of DIPM through the simulation of landslides at the
Tomisato and Horonai district of Atsuma town during Hokkaido
Eastern Iburi Earthquake and discuss the appropriate parameters
in this region.

2. Depth Integrated Particle Method (DIPM)
The depth-integrated balanced equation (or the shallow water
equation) can be written as the following

00, Ob, 00y _ (Th)x
5 Tt 5, 3y gxa P (ho + ) — =22 1
00, 00, 0%, _ @), U

Bt T TGy, gya 5 (ho+ 1)~

(vx, vy) is a depth-integrated flow velocity vector;
(gx,9y) is the gravitational acceleration component parallel to the
base slope; hgand h are the base ground and water surface
height, respectively; T, = (Tpx, Tpy) is the bottom shear-stress
vector; p is the debris flow density, and p is denoted as the
hydraulic pressure.

The hydraulic pressure gradient is modelled by the interaction
force between the two soil columns particles. Assuming 2D
closed hexagonal packing, the non-dimensional interaction force
between the columns, that is, the force divided by the column
weight is defined as eq. (2). A linear relationship between
normalized particle distance and pair-wise relationship is
considered in the simulation and given by eq. (3)

where, v =

1 h0 dy
= 2
f =3k dy (d) @)
hO dllm d

f=5K g~ &)

Where K|, is the static earth pressure, hy is the initial height of
the soil column, dy, and d are the initial and current particle
spacings, respectively, and d;,, is the maximum spacing where
repulsion force is acting on. It is important to note that the total
pressure acting on a column becomes nonlinear even though the
pair-wise interaction (eq. (3)) is linear because not only the closest
neighbor particles but also the other particles within d;,,, spacing
contributes to the total pressure. Fig. 2 shows that d;,,,/dy = 2.0
and @ = 0.6 for pair-wise interaction gives the consistent total
interaction force with the theoretical curve (eq. (2)). Note that the
total interaction is computed by assuming the hexagonal packing
and slightly differs in different orientations.
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The bottom shear stress is an opposing force to the fluid boundary, the minimum and maximum values of n and i,

movement, reducing the flow. The bottom shear stress as a were identified, and one of the best simulation results are shown
smoothened Birmingham-type was computed using (eq. (4)). in Fig. 3(b, d).

- n? ,\ 7 Fig. 4(a, b) shows the correlation between the accuracy index of

T = | T IVl™ + pg W Il 2l ) the simulation for different sets of n and i.,.. For Tomisato area

Where,T,, = pgRy, tan i, n is the Manning coefficient, Ry is the thi value of n is between 0.05 to 0.15 and i, is bet:veen 3 °Oto
hydraulic radius, and i.- is the critical deposition angle. 10° with the most suitable accuracy ranging from 63% to 69%.

10 i On the other hand, the for Horonai area at the Hidaka-Horonai

Theoretical (qu.(2))| ' ' river blockage, the value of n is between 0.75t0 0.15 and i, is

sl N ) & mini wotal 4 between 3° to 7° with the most suitable accuracy ranging from
3 ! SMEXIIUM & minimun 1ot 63% to 66%. In the case of the Hidaka-Horonai river blockage,
e} nteraction computed mn . . . . . .
EQ or Hexagonal packing b since the flowing mass reachgd the river, it might have 1ncr§a§ed
> €q.(3) the water content. With a higher content of water, the critical
i 4| din/dg=2.0 deposition angle is reduced, which explains the lower i, value
=~ a=0.6

in case of Hidaka-Horonai river blockage area. In addition, n
increases with the vegetation density, which resulted in higher
=== values of n in this area compared to Tomisato area.

Tomisato Area

1=
o
1

. Hidaka-Horonai River A

d/d,

Figure 2: Relationship between normalized interparticle
distance and non-dimensional interaction force.
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3. Flow Simulation Results

In this study, the simulation accuracy is checked based on the
affected area (both collapsed and inundated area) due to slope
failure. The analyzing meshes were divided into four categories
as per Table 1, and the accuracy index is calculated as per eq. (5). 0

5
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¥
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Critical Deposition Angle, iC
Critical Deposition Angle, i

0
0 0.05 0.1 0.15 0 0.05 0.1 0.15
a)  Mannings Coefficient,n (b)  Mannings Coefficient,n

—

Table 1: Summary of the indexes
Figure 4: Co-relation between the accuracy index and material

E g Actual Affected Area parameter (n and i,,)
S8 8 True False .
2 € 2| True TP FP 4. anclusmn o
5 < False FN ™~ Depending on the existing research and reports from field
investigation, the landslides from the Tomisato and Horonai
A _ TP <100 5) districts were analyzed in this study. The outcome of this study
ceuracy, o= TP + FP + FN shows that DIPM can simulate sediment-related disasters such as

slope failure and subsequent debris flow/mudflow for a wide area
with detailed topography. By setting the initial failure location,
the model detected the inundated area with an average accuracy
of 66%. The different range of parameter values is due to
differences in the vegetation density and water content in the
flowing mass of the study areas. Therefore, the average value of
the material parameter is n= 0.1 and i.,= 6°, respectively.

n =0.05, i;=0°
T—

n=0.10, =7
—
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Application of Meta-Modeling Theory to Thin Curved Beam Using Curvilinear
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This paper presents rigorous formulation of a thin curved beam based on the meta-modeling theory pro-
posed by the authors. A curvilinear coordinate system inherent to the configuration of the beam is intro-
duced; it is shown that the basis vectors of the system must change on the cross section unlike the con-
ventional treatment of the curved beam. The perturbation expansion that uses the ratio of the beam thickness
and radius is applied to displacement functions. The governing equations for displacement functions are
derived from a Lagrangian of continuum mechanics. Discussions are made on the limitation of the present

formulation.

1. INTRODUCTION

The authors developed a meta-modeling theory"
to link continuum mechanics to structural mechan-
ics. This paper presents the application of the meta-
modeling theory to a thin curved beam and derives the
governing equation for the dis-placement function.

The practical usefulness of the present paper is min-
imum, except for the case of developing a non-linear
curved beam element of a finite element method. Ed-
ucational significance can be large because differen-
tial geometry is learned by following the flow of the
formulation.

2. Geometry of thin curved beam

Let V and N be the domain and neutral axis of a thin
curbed beam; see Fig. 1. A point along N is given as
X(S), and without the loss of generality, we assume

|X’| = 1. We define a set of unit vectors,
44 144

X X
{81932733} = {X,9 7’X, X T}’
| X" | X"
By definition, B;’s are mutually orthogonal, and they
are genially used in analyzing the curved beam.
Using B;, we define s' and b; fori = 1,2,3 as
{b1,b2, b3} = {B1 + s"B),, B2, B3} inV; (2)
1

s' is constant on a cross section normal to N with
s' = § along N; and s* and s are naturally defined
on the cross section with s> = s3> = 0 along N. Since
b;’s of Eq.(2) are regarded as a function of s'’s, the
following equation holds:

Obj _ 0bi

dsi s/
Thus, s’ and b; form a curvilinear coordinate sys-
tem. We cannot form coordinate system using B;’s of
Eq. (1), because we cannot find associte coordinates
that satisfy Eq. (3) for them.

along N. (1)

nV. 3)

neutral axis given as X(§)

a) configuration of curved beam

b* changes on cross section,

b' = B' +1B*
while b? and b? do not change 2

at (s2,5%) = (E, 0)

b' = B!
at (s2,s%) = (0,0)
b? = B*

b3

b) basis vectors on cross section

Fig.1 Configuration and basis vectors of thin curved
beam.

Denoting by T and R the thickness and radius of the
beam, we define

€= %(« D). 4)

We can express by as b; = B +¢&;B; with g; = s”(B;,-
B;). This g; satisfies g; = O(e).

We can approximately compute the metric and
Christoffel symbols, dropping terms of O(g%). We can
compute the gradient of a vector function, f = f'b;,
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as
Fr (1 =2e)f] —&pf ) )b1®b1 -+,
90

where (.).i = 3

We can compute the Jacobian, J = det [%] as

J=x1+e¢g. (5

3. Derivation of governing equation of thin
curved beam displacement

According to the meta-modeling theory", we use
the following functional for displacement and stress
functions, u and o:

.[:[u,(r]=f10':c_1:c—Vu:0'dv, (6)
2

where c is elasticity tensor and ¢! is its inverse ten-
sor. We use B; or b;, respectively, to describe or com-
pute u and o.

We employ the following u and o

u=U-s"W+¢eU)B
+(WP + £P(U - sTW?)B,,,
o =0B|® B, @)
where U and W? are a function of s' only. Converting

B;’s to b;’s and assuming U, W < T, we compute Vu
to arrive at

e~ ((1-g)U —sPWP") + g sPWP”
+8pr/)Bl ® By, (8)
where € is strain, the symmetric part of Vu.
Substituting Egs. (7) and (8) into Eq. (6) and using
the curvilinear coordinates of J = 1+ &, we can com-
pute L as

1
L= ﬂx(ﬁo'z — (1 =e)(U’" = sPWP")

+e1sP WP + P WP))(1 + &1) dus.
It follows from 6L = 0 with respect to o that
o =EW((1-e)U - sPWP") + g sPWP”
+eP WP, 9

Substituting Eq.(9) into Eq.(6) and noting
f sP ds*ds3 = 0, we can compute L as

L= f (_g DAY + WPy
P-4

+ip IPWP = 26, ITWP' W) ds', (10)
where «,; = B;, - B;, A = fd, ds®ds® and I? =
f(sp)zd, ds?ds®. Solving 6L = 0 with respect to U
and W?, we finally obtain

(EAU’Y + 2k, LEIPWP'Y =0,
(EIPWP" + 2(kpn EIPU")" = (kpg EI"WT')”
+(kgp EITWT"Y = 0. (11)

TAREZER FE25MIGANEY vRY U LEBEHMES (20225%58)

Boundary conditions are derived from 6L = 0, as
well.

4. Discussion on formulation

The formulation of Eq. (11) takes advantage of the
perturbation expansion with respect to varepsilon de-
fined as Eq. (4). Usually, the ratio of T to the beam
span is assumed to be small. ¢ is another parameter to
describe the configuration of the curbed beam.

The perturbation expansion is applied to # and o
in addition to the curvilinear coordinate system. As
varepsilon goes to 0, the coordinate system tends to
be a Cartesian coordinate, and u# and o tend to be
those of a straight beam. We must include terms of
O(¢) in u and o, to drop terms of O(g?). The neces-
sity of them is not recognized unless the perturbation
expansion is applied to the curvilinear coordinate sys-
tem.

As explained in Sct. 1, the formulation is educative
to learn the application of differential geometry for a
curvilinear coordinate system. We must emphasize
that the system is defined rigorously and that the de-
fined system is used for the computation. It is nec-
essary to use B;’s of Eq.(1) to describe u and o as
usual, but they are not used to compute Vu unlike b;’s
of Eq. (2).

The starting point of introducing the curvilinear co-
ordinate system is that a point along N is given as a
function of S'. The presence of such X(S) is generally
taken for granted in differential geometry. However,
it is not an easy task to compute S and X when a
curved beam is given; a point along N is determined
using a certain Cartesian coordinate system. We need
to develop a smart method of determining S and X.

5. Concluding remarks

This paper applies the meta-modeling theory to a
thin curved beam and presents the formulation of the
governing equations for displacement functions. No
physical assumptions are made in the derivation. Per-
turbation expansion related to the relative thickness is
applied to approximately treat the beam geometry and
the displacement and stress functions.
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Effect of Tapered Form and Hollow Cross-Section on Self-buckling Resistance
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Most plants have the tapered form because they all are required the rational resistance properties to the gravity.
In addition to the tapered form, the hollow cross-section can be expected to another effective method. However,
many tall plants don't have the hollow cross-section, and only have tapered form. The purpose of this study is
to clarify the effect of tapered form and hollow cross-section on self-buckling resistance. We modeled plants as
cylinder with various tapers and cavities. The theoretical solution of critical height was derived by effectively
using the boundary and mechanical conditions. As a result, in the volume constant conditions, the effect of
tapered form on the self-buckling resistance is almost same as the effect of the hollow cross-section.
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Fig.1 Calculation model
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(a) r; constant

1.00 0.00

TARER E25OIGANEY VRY U LBEHMES (20225%58)

(b) Volume constant

3.00

Fig.2 Effect of tapered form and hollow cross-section on critical height ratio

ﬁ+ 41 d_9+ 4Byx
dz?  (Az+c)dr  Er}(1+ a?)(Az + c)?

9=0 (3)

Z 2T, EFMEREE T K@)y ERICE Y 2
BHEH (E(x) =w(Ax +¢)) BITHELITLD, R &
BB 2y FRANREOND. ZREMNT, KRITRT
—WRFERHGOND.

06) = SOE3 B 40T, (42)
+%@§%“W%Fa—miggﬁ)

22U, OB L UCIFMEREE, I'(x)id Gamma %K, J, ()
TZIR B D 55— T Bessel B A 5.

WE, RHO—BRIZE, FH LG LR MHEE
ETNMCEIT DR VERBETH D120, TOMREEH
WCRRE & 0EH 2R 5. £7, X@)O—BAiRITHs
NHREETH 205, BEERNOBERSEOREZBHT S Z
E®B 2%, Bessel EOMEAEFIAL, n23FEHITIRY 72
EWe T2 L, R@OEWHE—HLH X, Fl—0ET
B BRI 2 R T 5. ZoOWEEZRAL, 8L
ALV KROBERE S HFRABELNS.

1/3 1/3

L= fefe (2207) =R (220) O

2T, RIFEENE S FIC—E THERAEET VI

ST HRRE S ERT. £72, f(OlET — S—HeDHT

BAT D7 — =B, fla) T ZEtb o T 5 BI%k
ThY, FhxhmATthzons.

2
o) = 1) (33) (©)
fla) = (14?3 (7)

K(6)Dj, 1%, THanDEF—Fk Bessel BEKIZ IS 5 —FH D
TrHExRT. T —BEf(e)X, FEEHEODORIERMHE
BETAVOERLAERE Y, KO LI IZES ZLNTE .

J(e) x e (8)

A7), ®)VFXGNCHHT 5 &, RZEMEERICHIT DR
ERfEeND. LY, RAGIIEZT —/ =zt
IR 57, EEmEr, D 2/3 RIZHHIT D2 L3 g0b.

3. T—/A—REFEODEILIZKZEE

Fig2 IE, HZ8tbals LT — _—LtkeS BB R S I2 52 5
WAEZRT. HENE TWrm S PR MFEET V) Ixtd
5 MEEOM ek LT OT — —thex AT 522N A
TV ORFE S, BT — 8—Le, BATE HMEIC
FZEthaZ B> TRLIZLDTHD.

=9, EEmEARr, E—E & LIZHAORR R S (Fig.2
(@) ZRB L, WMEAOTZLIV G, T— =Bk E2 A
THHN, BREIELVRENTEDD ZENG1D.
F7-, K ESEEEALEES (Fig2b) TiE, 77—
SR—TR L Wi o ze ki, TRRE S I A CRRE
DB RGZ TWLEE 25D, WO ZEITH>SNRR
EEESE~DOMPENTEAL LT LES 2L D ZEsER D L,
JRMPEIC KX R BN IEND ThIUE, T— —JBkZE
AT 5N LETHY, FOMEL LT, ¥ omhn
F—R—IEREBA L TWAD TRV EEZ NS,
SN T — =Tk & FEWm A A E T 5 BARRD
L, WO ZEIic LD AECET A Y v FE2EIOEAT
IR L, REBEOZRIRAES S oM EZAHEIC L TWADTIE
eV EHERITX 5.

4. FE®H

AWFFETIE, BN THHEMBAELTWDEEZBND S
FHIGHENEAZ B SN T 572010, [EEOZEHE AT HH
# - MEER - AT K TE H ATRE 7R IR A A S 2
ZEH L., ZOELE LT, KB -ELRtETICBITST
——FIR L Wi D2 B T2 BT IRA R & ~D BT,
WFEALRRBETHDL Z ENShotz. ZDZ &L, %<
OREBE DOPZLIC L VAT D IR T AT v b &
ERE L, 1 ZIFEFEEEO B BEBmTENE SN D T — =k
IR L TV D ATREMEZ R+ 5 D TH 5.

B i

ARV R 2 B IT(A) (18HO03818, #FITiFes : &
FEAH) ICLVFERESNELE., ZORA2BMEY LERE
PEIZIHLE L BT £

SE X

1) ikl BRAEE, EEAN 0 T2 AT 5
Ao B BB D RAE S OEH, TR
4E A2, 77, pp.62-71, 2021.

2) C. R. Calladine : Theory of Shell Structures, Cambridge
University Press, Cambridge, 1989.

- 2A07-12-04 -



2A07-12-05 tASA BISEBANEY VAT Y ABREEE (2022658)

HEREICK DEMIBEA D =X LOIBIEL IRIDEE
Study on the Mechanism of Structural Member Damage due to Snow Cap Load
and the Countermeasure
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In transmission towers can be damaged by snow cap. Therefore, authors conducted full-scale tests to confirm
the relationship between the change in member inclination and the snow load. Furthermore, we developed an
analytical model to simulate the test results and investigated countermeasures against snow loads on the
analytical model.
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Fig. 2 Relationship between vertical load and inclined
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Fig. 5 Comparison result of analysis and measurement

Table 2 Comparison result of analysis and measurement

Eccentric

X

Load X-axis Y-axis
distance [ke] Iten N B c N 5 c
[mm]
Exp | 0.40 | 0.49 | 0.07 | 1.40 | 6.52 [11.56
150 50 Ana | 0.48 | 0.29 | 0.04 | 15.58]18.36]21.31
I ana | 0.76 | 0.60 | 0.40 | 1.36 | 6.15 | 11.27
Exp 1084099 ]0.15]2.11 |11.56[21.15
150 100 | Ana | 1.20 | 0.79 | 0.33 |44.08]48.33|52.33
I ana | 1.58 | 1.26 | 0.90 | 2.82 | 12.52|22.39
Exp [ 043 ]1.03]0.64 ] 1.41 |11.24]18.65
225 50 Ana | 0.75 | 0.55 | 0.31 |28.98]33.27|37.55
T ana| 1.09 [ 0.92 | 0.73 | 1.89 | 9.08 [ 16.63
Exp [ 035 ] 1.14 [ 0.45 ] 1.30 |10.36]17.49
300 50 Ana | 1.05 | 0.86 | 0.65 |47.05]50.95| 54.61
Tana| 1.45 | 1.26 | 1.09 | 2.45 | 12.13[21.99
Exp:experiment Ana:analysis I ana:Improvement analysis
Table3 Relationship of moment and inclined (materials)
. Ec.centrlc Load X [] Y []
material | distance kel
mm] | “¥ A B|C| A|B]C
L45x4 10 100 | 0.5510.86 [ 1.3810.64|7.21 |14.20
20 100 [1.10{1.295.75]2.95|16.83[36.86
L50x4 10 100 | 0.6310.87[1.2810.68]7.15 [14.01
20 100 | 1.54[1.71 1 2.93 | 2.80 |16.84]|31.26
L50%6 10 100 1 0.1210.29 1 0.56 | 0.01 | 2.03 | 4.22
20 100 1 0.3710.5410.80]0.51]4.498.79
L60x4 10 100 10.72 1 0.87 [ 1.12 ] 0.78 | 7.09 [13.75
20 100 | 1.7211.79 | 2.21 | 2.51 |16.18{29.35
L60x5 10 100 [0.33]0.47]0.6710.29 3.59|7.14
20 100 10.7910.90[1.10{1.09 | 7.79 |14.84
L6556 10 100 [0.18{0.2810.410.14[2.08 | 4.17
20 100 | 0.4510.53]10.66 | 0.67 | 4.57 | 8.74
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A consideration on quantification for tunnel lining cracks using Fractal analysis

ARk B GRAETR - 1)

et IEF (FEbF= 2 2)

Tt P (e )

Atsushi SUTOH, Tohoku Institute of Technology
Masakazu SAKO, Koken Engineering Co., Ltd.,
Takahiro IGARASHI, Koken Engineering Co., Ltd.,
E-mail: r atsu-sutoh@tohtech.ac.jp

The theory of Fractals can quantify natural patterns that are statistically self-similar. And it is used for
quantification of complex shapes. For those cracks, the result which can be called "Fractal" has come out.
This study carried out quantification for cracks in the surface of cold region lining concrete of mountain
tunnels in Hokkaido using Fractal analysis and presents basic data for quantitative evaluation of fractal
characteristics, tunnel lining crack condition and degree of damage.
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Fig.2 Fractal analysis of tunnel cracks (1)
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Table.1 Fractal analysis for 8 tunnel cracks in Sapporo ares

The crack density
No. Roughness Dense
Tunnel
a b a b
11125 | 0.6684 12425 | 0.6670
@ [1.1252 | 08009 | S-tunnel | 1.2393 | 0.6664
1.0847 | 0.7024 12207 | 0.8235
09808 | 0.4813 1.0461 | 0.8551
@ [1.0462 | 0.7458 | T-tunnel | 1.1106 | 0.8156
1.0009 | 04561 ; ;
12117 | 03958
ol - ) el | 11674 | 05837
1.1534 | 06132
1.1183 | 0.591
1.0896 | 0.5596 1.1730 | 0.7449
@ |15 Josoeo | o [11928 07921
1.0656 | 0.7227 12334 | 0.7540
; ; 1.1477 | 0.7908
® | 1.0557 | 0.1246 | S-tunncl | 1.0414 | 0.4824
© | - ; U-tunnel | 1.1979 | 0.6614
1.0567 | 0.7291
D oe67 07300 | Ctunnel
1.0373 | 02629 12235 | 0.8255
10718 | 03806 | UMl 547 T 0.8023

1.0647 | 0.5693 | Average 1.1679 | 0.6982
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Eulerian-Lagrangian Approach for Interactions between
Fluids and Multiple Deformable Swelling Objects
using Mass-Spring Model

Niku GUINEA, Graduate School of Engineering, Kyoto University
Daisuke TORIU, ACCMS, Kyoto University
Satoru USHIJIMA, ACCMS, Kyoto University

E-mail : guinea.niku.25w @st.kyoto-u.ac.jp

A computation method was proposed for the interactions between Newtonian fluids and deformable solid
objects which swell by absorbing the surrounding fluids. The direct-forcing immersed boundary method and
mass-spring model are used to estimate the fluid-solid interactive forces and deformations of the solid. The
swelling of the object is simulated by changing the natural lengths of the spring models. In addition, the
solid-solid interaction is treated by utilizing the distinct element method. The proposed method was applied
to three numerical experiments. As a result, it was shown that the basic behaviors of the swelling-deformable
objects are reasonably calculated with the present method.

1. Introduction

The main target in this study is on the computational
method for the interactions between Newtonian fluids
and swelling deformable solid objects. In the proposed
method, the direct-forcing immersed boundary (DF/IB)
method! is employed, in which Lagrangian points located
on the solid surface are utilized to estimate the fluid-solid
interactive forces. On the other hand, the deformable ob-
ject is modeled with a mass-spring model using the La-
grangian points by adding new supporting springs. The
swelling of the object is simulated by changing the nat-
ural lengths of the spring models. In addition, the solid-
solid interaction is treated by setting CDS (contact detec-
tion sphere) at each Lagrangian point, which corresponds
to a DEM to detect particle collisions.

2. Numerical Method

The fluid is assumed to be incompressible, and the mo-
mentum equations are given by

Ou;  O(uuj) 1 dp 0%u;
-— + =——_—+v—+ fi+ 4, 1
ooy pronow / M

where u; is the averaged velocity component in x; direc-
tion in two-dimensional Cartesian coordinates, ¢ is time, x;
is the component of the Cartesian coordinate system, py is
density, v is kinematic viscosity, and p is pressure. In addi-
tion, u; is the velocity component, f; and A; are the external
and fluid-solid interaction forces in x; direction.

The schemes for DF/IB, mass-spring model, and con-
tact detection spheres used in the computation can be seen
in Figs. 1 (a), (b), and (c) respectively. For the swelling
scheme, the size increase is proposed by utilizing the nat-
ural spring length ||xg !l used in the mass-spring model. A
fixed value of density is proposed, resulting in the increase
of the mass of the object as the volume of the object in-
creases.

Lagrangian points
N_T2e-1
)

mass points

spring and dashpot

ry &
v b4

fluid cell centers support spring and dashpot  contact detection spheres

(a) DF/IB scheme (b) MSM scheme (c) DEM scheme

Fig. 1 Schematic of (a) fluid cells and Lagrangian points for
DF/IB, (b) mass-spring model, and (c) CDS

3. Applications
(1) Experiments and Computation on Swelling Be-
havior of Hydrogel Particles
In this section, the diameter growth of hydrogel particles
is experimentally observed as shown in Fig. 2 and imple-
mented into the proposed method.

(@t=0T[hrs] (b)#=9.7 [hrs]
Fig. 2 Experiment of hydrogel particles in water

The calculated results in Fig. 3 show a smooth curve
from the computation, with a good agreement with the ex-

perimental data and the expected growth.

160
140 |
12.0
100
80 F 4
6o b A
40 [
20
0.0
0

Diameter [mm]

.0 2.0 4.0 6.0 8.0 10.0
Time [hrs]

Fig. 3 Computed diameter of hydrogel particle (cal) com-
pared to experiments (exp) and predicted results (reg)
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(2) Sedimentation of a Single Particle in Fluid

It is important to confirm that the proposed method will
give the same results as the original DF/IB for rigid bod-
The proposed method is applied to a case of sedi-
mentation of a single particle in fluid, and compared with
results computed with the original DF/IB for rigid bodies
and references as shown in Fig. 4. The time histories of
velocity from the proposed method a good agreement with
the original DF/IB method and references.

ies!).

0.0

©  Wan and Turek
-1.0 & Glowinski

A DF/IB

= MSM-DF/IB

2.0 |

3.0 |
40|
-5.0

4%9 0.2 0.4 0.6 0.8

t

Fig. 4 Time histories of v, with D = 0.25 and references

In addition, the sedimentation of a swelling particle
(D = 0.25 to 0.50) is calculated and the velocity is com-
pared with the case of sedimentation of non-swelling par-
ticle (D = 0.25 and D = 0.50). The relations between par-
ticle diameter and time in each case is shown in Fig. 5 and
the computation results of the sedimentation of a swelling
particle can be seen in Fig. 6. The time history of the ve-
locity for the swelling particle at case C fits between cases
A and B as it can be seen in Fig. 7, showing reasonable re-
sults for the computation. Additionally, the particle in case
C never reached its terminal velocity as the size is keep
increasing until it hits the bottom side.

0.60
—Case A ——Casc B
0.55} —=Case C

0.50

0.45 Pl
Q 040 il

035 e

030 .

0.25 /=

0.20
0.0 0.2 0.4 0.6 0.8 1.0
t

Fig. 5 Diameter of particles for case A, B, and C with respect
to time (left)

0 |
0 05 1 15 2

(e) t=1.00

0
0 05 1 15 2 0 05 1 15 2

(d)t=0.75

0 05 1 15 2

(a)r=00

0 05 1 15 2

(b)r=025 (c)t=0.50

Fig. 6 Sedimentation of single swelling particle in fluid for
case C (velocity vectors and particle outline)
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0.0

-2.0

-4.0

Vs

-6.0

-8.0

0.0 0.2 0.4 0.6 0.8 1.0
t

Fig. 7 Time histories of particle velocity v, for case A (D =
0.25), case B (D = 0.5), and case C (D = 0.25 to 0.50)
(right)

(3) Lid-Driven Cavity Flow with Multiple Objects

Multiple deformable solid objects are arranged inside
the 2D computational area filled with the fluid, then two
types of condition is calculated with non-swelling objects
and swelling objects as it can be seen in Figs. 8 A) and B)
respectively. In both cases, k; is set at 100.

fololol
000
foJolo}

(b)r=30 (c)1=60

A) Non-Swelling Deformable Objects

0000 .08 O Lo
0000 g%@@@ LD

NoXoXoXo) € '
IRoRoRoXo0) OO o . @®®
| ‘k (a;t="0 “ | (b)ﬂt=;0 | “(c)ﬂt=1"00

B) Swelling Deformable Objects

Fig. 8 Cavity flow with A) non-swelling and B) swelling de-
formable objects

The deformation can be observed in both computations
with non-swelling and swelling objects, especially closer
to the moving top wall where velocity is higher and when
the solid-solid and solid-wall contacts occur. Additionally,
for the swelling objects, as the objects get transported by
the fluid flow, the objects become larger and fill the com-
putational area, causing slower movements.
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Multiphase computation method for freezing and melting of water
with natural convection including density inversion region

PEAS FIE (KRBT - ) AP 52K GERPE - T)
B4 K (UK - ACCMS) B & (LK - ACCMS)

Kazuki NISHIMOTO, Graduate School of Engineering, Kyoto University
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A multiphase computation method was applied to the water-ice phase-change problems accompanied
by the natural convections including density inversion regions in water. The computation method for
the Stefan condition on the water-ice interface was improved in this study. After the basic verification
of the proposed method, the experimental results of the unsteady freezing problems and those of the
unsteady melting problems were calculated with the present method. As a result, it was shown that
the changes in the calculated water-ice interfaces are in good agreement with the experimental results

OABHEEATIARER BANFEESR

and that the natural convections with density inversion are reasonably calculated.
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Fig. 1 Computation of freezing interface
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Development of a Curved Bernoulli-Euler Beam Element using NURBS Basis Function
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Naoko KARASAWA , Nihon University
Hiroshi HASEBE , Nihon University
E-mail:csna21007@g.nihon-u.ac.jp

Isogeometric Analysis is effective for the structural analysis of curved members in civil engineering structures.
We developed a curved Bernoulli-Euler beam element using NURBS basis function for Isogeometric Analysis.
In this study, a trial function was constructed only the displacement without the angle of deflection. As a result,
we confirmed that developed one obtained high convergence rates of relative error.
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Fig.1 Computational model and boundary conditions
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Multi-scale topology optimization has been paid attention to in many engineering fields. However, its high compu-
tational cost prevents practical use. In this study, to solve this problem, we focus on the homogenization approach
using fast Fourier transform and develop a new optimization method with fast computing speed and low memory
requirement. By performing sample analyses, we demonstrate the validity and efficiency of the proposed method.
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300 mm

Fig. 1 Boundary conditions of the macro structure
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Table 1 Unit cell resolution and number of elements

128
2097152

unit cell resolution 16 32 64
number of elements 4096 32768 262144

Table 2 Material parameters

phase—-A  phase-B

Young’s modulus (GPa) 1 100
Poisson’s ratio 0.3 0.3
volume fraction (%) 70 30
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(b) FFT

0.5 1.0

Fig. 2 Optimizes topologies (resolution: 32, elements: 32768)
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Gas-liquid two-phase flow simulation with finite volume method based on building-cube method
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This study proposes a gas-liquid two-phase flow simulation method by the finite volume method using the
building-cube method (BCM). Based on the 3D dam-break problem, we evaluate the inundation into the building
room during floods and estimate the inflow to the basement.
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Fig. 2 Comparison of free surface between experiment
and simulation
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Fig. 3 Comparison of time history of pressure at sensor
1 between experiment and simulation

Fig. 4 Numerial model for estimating water immersion
inside building during flooding
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3)t=25s

Fig. 5 Numerical result of free surface of water immer-
sion inside building during flooding

4r=2.

S5)t=
Pressure [MPa]
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—— [ —

Fig. 6 Pressure distribution at x = 18.85m. Black line
represents 0.5 contour line of VOF function.
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MRARADZRVDNRT Y LRENRRIVE VI DNILS D TRBICRIZTEE
The effects of the difference in the attack angles on the bulging vibration for SUS panel tanks

FFAR (haokBE - BRT) /NPT (BR)=X - U A - ) PR (PR - EBOR) Effmk (e - BT
Kouta SHIRAI, Chuo University
Taisuke ONO, NYK Co.Ltd.
Hirokazu HIRANO, Chuo University
Naotugu SATO, Chuo University
FAX:03-3817-1803, E-mail: al18.45tf@g.chuo-u.ac.jp

Various damages to SUS panel tanks have been reported due to the earthquake. These causes are due to the
bulging vibration. The bulging vibration is a coupled vibration interacted the wall structure and fluid by short-
period seismic motion. However, there are no design standards for bulging vibration, and it is necessary to
establish those standards. In this paper, we carried out the time history response analysis of the fluid structure
interaction with changing attack angles. This analysis clarifies the weak points of SUS panel tanks when the
bulging vibration occurs. As a result, it was found to be maximum of the displacement at the attack angle 0°.
As for the stress, corner members are the weak points regardless of the attack angles.
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2. BNHME
2.1 SUS 2 > D451

AT D SUS ¥ > 7 1%, TARSLEHET %8 Sk
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EEHALTWD. ZIZTOX 7 D% Tablel (TR

Tablel Tank Specifications Table2 Analysis Specifications

Material SUS304 | | Young's modulus[N/mnr] 195E411
Height [mm] 3000 Poisson's ratio 03
Width [mm] 3000 Unit volume weight{kN/m’] B
Depth [mm] 3000 Water tank Shell element
Water level [mm] 2700 Reinforcement material Beam element
. Iststage | 2.5 Fluid Potential basis 3D fluid element
Side 2nd stage | 2.0 Boundary conditions Bottom 4 sides fixed
Thickness | Pane!
[mm] 3rd stage 15 Wiater's surface Free surface
Ceiling panel 15 Input acceleration 4.7THz sine wave
Bottom panel 3.0 Attack angle 0°, 15°, 30°, 45°

N
Al

(a) Tank Model (b) Reinforcement Model
Fig. 1 SUS panel tank

2.2 BFOETIVE

AIRHTICW D SUS # v 7 Ofifre7 1% Fig. 1 1R
9. ZZCFig 1@ix¥ > 7 KIK, Fig. 1)L % v 7 WD
WM 2”9, £7- Table2 I O#E LA RT. ZZTO
AL, UHATRESEMANT Y 7 7 =7 Th 5 ADINA %
FAWZ . KA L Shell 3R, 584 E01L Beam 55, Wil
AKmIFEBEAKmE L, ERGEXIFRT v —2 3
WA BRREH NS Z & T2 ERT 5. £
SAFITEHE S 4 0B ET 5. 7ok, BWHEEKIT 30,813 Th 5.
2.3 MniREH

fRHT FIEIX, ROIETITS.

O Kz ANTIRREIZI T D AT 2 T 5.

T 2 CIIMEE — R ORI 21T O s, BEOSV A
WEHR Z 1T 2 ORI & RIS B AT OISk & 37 5.
@ EHIfENT & Ehi T 5.

W | R RSB AT D A DARIRIZEA LTk, AR S DoifsE
TELNEA SUS X7 OV Y Ly TEEESHKTHD
4.77Hz OIEILIE 2 HEIE 3.9mm, 20 WA ASIEMEE L
THHET 5. 72k, ZOBOIHEEIL 350z FAETH Y,
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Fig. 2 Measuring point
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Fig. 4 Displacement distribution (t=1.415s)
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(a) Attack angle 0° (b) Attack angle 45°
Fig. 6 von Mises stress distribution (t=1.415s)
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DRFAIBEISE AT, EARZERRICEA2 (S5 | pp.153-162,
765275, 2020.
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(b) C and D points

2) PEEMEM N 2 D O BEBIT KOS LD TR
HETE, M3 T3 SC4E, Vol.65A, pp.305-316, 2019.
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BHERARBANONFEREDETEHICET SRR
Numerical Evaluation of Condition of Grains Rearrangement
in Poorly-Graded Crushed Stone Layer

8 B (AR A NBROE R G B IERT)
Akiko KONO, Railway Technical Research Institute
E-mail: kono.akiko.43@rtri.or.jp

DEM simulations are carried out to observe the rearrangement of ballast grains during cyclic loading process
after tamping operation for several models with different values of sleeper lifting. Simulation results show
that the arrangement of ballast grains under sleeper is easily restored when the lifting values are less than
grain size of ballast. This tendency shows good agreement with previous study about “Ballast Memory”.
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Fig.1 Process of lifting and tamping
at track maintenance work
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Fig.3 Simulation model
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Reproduction Simulation of Damaged Open Sabo Dam by Using DEM
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Osamu SHIMAKAWA, National Defense Academy
Toshiyuki HORIGUCHI, National Defense Academy
Masuhiro BEPPU, National Defense Academy
Satoshi KATSUKI, National Defense Academy
E-mail: em57045@nda.ac.jp

This study verifies the reproducing performance of DEM to a damaged cases of the open sabo dam. In the
reproduction analysis of DEM, the section partial method is used for caribrating a constitutive law of both steel
pipe elements and the connecting parts of the structure. In addition, in order to reproduce the dent deformation
effect occurred in the real case, the modified Elinas estimation method is used for the joint spring elements
between vertical column member and horizontal beam member. As a result of the analysis, the upper part of the
structure are broken in case of the effect of dent deformation and the preceding sedimentary gravels are taken

into account.
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Tablel Analysis specifications.

Item value
Cylinder 496
Dam model Clump model 74
Dypp(1.6-3.0 m) 300
. Dys (1.0-1.6 m) 750
Debris flow D3 (0.6-1.0 m) 1900
D5p(0.2-0.6 m) 2050
Velocity (m/ s) 9.7
Water Depth (m) 3.3
Pipe model Bend stiffness £/ (N-m?) 2.36x107
t=22 mm Yield moment (N+m) 3.71x10°
Pipe model Bend stiffness £/ (N-m?) 7.64x10°
t=12.7 mm Yield moment (N-m) 1.80x10°
Pipe model Bend stiffness E7 (N-m?) 1.27x107
t=16 mm Yield moment (N-m) 2.25x10°
Flange Bend stiffness E7 (N-m?) 6.78x107
SM490 Yield moment (N+m) 2.41x10°
Flange Bend stiffness E7 (N-m?) 6.45x107
SM400A Yield moment (N-m) 2.36x10°
Flange Bend stiffness £/ (N-m?) 6.45x10
SM400B Yield moment (N-m) 2.36x10°
Between Normal spring 1.0x107
Element spring Shear spring 3.5x10°
Dent stiffn . .
e?ElSirllas)eSS Axial stiffness EA(N) 2.0x10°
Time step 1.0x107
Upper support Debris flow
-diagonal material .
2nd row pillar Sediment gravel ‘

Upstream side pillar

(c)t=t0+4.0s (d)t=t+6.0s
Fig.4 Analysis results (no dent model)

(d)t=1,+60s
Fig.5 Analysis results (dent model)

5.00E+06 —— 1.0 _
—e—Upstream side pillar g
= —o—2nd row pillar =~
S.E 4.00E+06 —e—Upper support diagonal material 08 b;
Z dent deformation S
Z 3.00E+06 106 £
£
5 2.00E+06 104 &S
£ e
= 1.00E+06 0 4 02 ‘;:):
4 a

0.00E+00 > 0.0

0 1 2 3 4
Time 7 (s)
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A Study of the Similarity Law for Scaled Tests of Beams under Gravitational Field
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A similarity law that can be used in a scaled model made of the same material as a full-scale model under a
gravitational field was proposed by the authors, using a dimensional analysis. In the present study, the
similarity laws were obtained from the equations of motion of Bernoulli-Euler beams, beams with shear
deformation, and Timoshenko beams, and the agreement with the proposed similarity law is verified.
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Numerical Study of Local Failure Area of RC Slabs Subjected to Projectile Impact
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In this study, experimental and numerical investigations were conducted to estimate the local response area of
an RC slab subjected to projectile impact. The kinetic energy and momentum distributions of the RC slab
subjected to projectile impact was evaluated. Assuming that the velocity of the RC slab decreases linearly from
the center of the RC slab, the model exhibited 20-400% errors of maximum velocity at the center of the RC
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slab between experiment and the simulation.
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(m/s) mode
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m
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Fig.1 Local response model.
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Fig.3 Acceleration and velocity time histories.
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Energy gradually-increased consecutive impact loading tests of rubber set RC beams
strengthened in flexure with AFRP sheet by varying sheet volume

E & (BTK-T)

NEOFEN (BLK-T1) &
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Tomoki KAWARAI, Muroran Institute of Technology
Masato KOMURO, Muroran Institute of Technology
Norimitsu KISHI, Muroran Institute of Technology
Kentaro SUZUKI, Muroran Institute of Technology
Hiroshi MIKAMI, Sumitomo Mitsui Construction Co., Ltd.
E-mail: kawarai@mmm.muroran-it.ac.jp

In order to investigate the dynamic response characteristics and failure behavior of the RC beams
strengthened in flexure with Aramid FRP sheet when the cushion rubber is set on the impacted area, energy
gradually-increased and consecutive impact loading tests were conducted by varying the sheet volume. The
results obtained from the study are as follows: the primary peak impact force can be decreased by less than
approximately one-fourth that without rubber; however, the dynamic response behavior and the sheet failure
mode of the beams may be similar irrespective of with/without the rubber.
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Table 1 List of specimens
With/ Mass per | Compressive | Yield stress
Sneci- without unit area strength of of the
P cushion for AFRP the concrete longitudinal
men rubber sheet fe (MPa) rebar f;,
(g/m?) (MPa)
N-A415 Without 415
N-A830 rubber 830 337 371
R-A415 With 415
R-A830 rubber 830 36.6 400 Cushion mbbe; i
Fig. 2 Experimental setup for drop-weight impact test
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(d) Beam R-A830
Fig. 5 Crack patterns after test
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The Self-Formation Process of Rivers with Banks Composed of Fine Sand and
Bed of Relatively Small Gravel

RS, e (bimE R - 1)

ARG R, BRER], BAAT umEsdi= sz h)

Hayato SAITO, Norihiro IZUMI, Hokkaido University
Haruo IWASE, Keiji NOMURA, Yugo HASHIMOTO, Hokkaido Gijutsu Consultants INC.
E-mail: pontacha@eis.hokudai.ac.jp

We conduct various river training works for improving river channels’ flow capacity to prevent flooding. In

many cases, however, fine sediment accumulates over time, reducing the cross-sectional area of river channels

and decreasing their flow capacity. In this paper, we study the self-formation process of rivers, where the

riverbed is composed of relatively small gravel, and the riverbanks are composed of fine sand by conducting

field observation.
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Fundamental Study on Application of the 2-D and 3-D Hybrid Flow Model
to the Riverbed Variation Analysis
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Kengo OSADA, NIT Anan College
Yoshihiko SHIMIZU, Gunma University
Suzuka ISAKA, NIT Anan College
Genki HOSHIDA, MLIT Nakagawa River Office
E-mail: osada@anan.kosen-ac.jp

A new numerical model for riverbed variation analysis based on alternatively calculating 3D and 2D flow
fields with mode-splitting techniques, the hybrid flow model, was developed. This model was applied to
evaluate the riverbed change around spur dike caused by floods from 2018 to 2019 in the Naka River.
Calculation results showed the new model’s superiority compared to the conventional 2D model using

detailed topographic survey data by ALB.
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occurs after several time steps of running the 2-D model.
Fig. 1 Example of a time set in the 2-D and 3-D flow
hybrid simulation.
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Fig. 2 Example of the 3-D numerical grid and void

ratio (Cv and cv).
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Fig. 3 Riverbed forms of 2017 by ALB observation.
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FigT4 Riverbed variation from 2017 to 2019 obtained by the
observation results.
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Fig. 5 Comparison of simulation results on riverbed
variation.
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Effects of the amount of sediment supply on the migration processes of waterfalls
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We performed flume experiments to study the effect of the amount of sediment supply on the migration
process of a knickpoint formed on bedrock. We supplied sediment in a flume with a modeled bedrock with an
initial drop, and observed the migration process of the drop. We find the following. When the initial drop is
sufficiently large, the migration process of a waterfall is of an overhanging type when the sand supply is large,
but of a vertical erosion-dominated type when the sand supply is small. Under the experimental conditions of
this study, there is a threshold that separates the migration process at a sediment supply rate of 25-35 g/min.
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Fig .1 Casel Longitudinal section of the center of the channel
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We performed large-eddy simulations for turbulence flows with particles around a cylinder under
high-Reynolds number conditions. After validation and verification through comparison with existing studies
under ideal flows, we examined changes in particle impaction efficiencies on the cylinder surface with
Reynolds and Stokes numbers. The Reynolds number effects on the impaction efficiencies at the front side is
neglectable, while the efficiencies essentially increase with the Stokes number. On the other hand, the
impaction efficiencies at back side takes maximum values against the Stokes number with gradually
increasing with Reynolds numbers; this is due to complicated flow patterns near the cylinder surface in the

wake region under high Reynolds number conditions.
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sides against Stokes number for various Reynolds number.
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3 Snapshot of particle for Stokes number of 0.1 and

Reynolds number of 1.3 X 10°.
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Evaluation of effect non-structural members on main structural bending stiffness
of steel composite railway bridges

Tk RIE (BRERM)

M (BB

Munemasa TOKUNAGA, Railway Technical Research Institute
Manabu IKEDA, Railway Technical Research Institute
E-mail: tokunaga.munemasa.68@rtri.or.jp

This study evaluated the effect of non-structural members on the main structure by 3D finite element analysis
for steel composite bridges. Although the effect of secondary members on the main structure stiffness of open-
floor steel bridges is small, the effect of rails is large, which greatly depending on the restrained state of the
track fastening devices. In composite bridges, vibration-reduction concrete and roadbed concrete have a large
effect among non-structural members on the main structure stiffness and slab cracks due to negative bending
moments section of continuous girders can be ignored since the decrease in stiffness increase rate to is small.
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SEREMEZER LEEERY & D RAMOMERTNADOEFE
Simplified method for estimating differential displacement of viaducts during earthquake in
consideration of structural nonlinearity

B SRR (BREKRAT)

K SRIE (BRERRT)

M (BERT

Kenji NARITA, Railway Technical Research Institute
Munemasa TOKUNAGA, Railway Technical Research Institute
Manabu IKEDA, Railway Technical Research Institute
E-mail: narita.kenji.97@rtri.or.jp

The purpose of this study is to establish a simple method for estimating differential displacement based on the
vibration characteristics of a single structure in consideration of structural nonlinearity during earthquake. A
simplified method for estimating differential displacement considering nonlinearity is proposed. The validity
of the proposed method was confirmed based on the numerical simulations.
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Closed Form Solution of Continuous Beam with Multi Supports under Moving Loads for Simple
Calculation of Continuous Railway Bridge Dynamic Responses

HH % (JRSE)
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Manabu NAKADA, JR Soken Engineering
Kodai MATSUOKA, Railway Technical Research Institute
E-mail: matsuoka.kodai.13@rtri.or.jp

To establish a simple calculation method for railway continuous bridges with a small calculation effort. A
closed-form solution of a multi supported beam under a moving load is derived and implemented. The accuracy
of the theoretical solution-based method is confirmed by comparison with the results of finite element method
and numerical integration method. Furthermore, as a result of comparing the calculation time of the method
based on the closed form solution and the numerical integration, the closed form solution can calculate the
dynamic response of continuous bridge 10 times faster than the numerical integration.
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Fig. 2 Continuous bridge model for the verification.
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Application of replica exchange MCMC method to Bayesian structure model update by dual
sampling method
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Kiyoyuki KATIO, Osaka University
Kodai MATSUOKA, Railway Technical Research Institute
E-mail: matsuoka.kodai.13@rtri.or.jp

This study incorporates the replica exchange MCMC method which is one of the typical wide-area spatial
estimation methods into the dual sampling method which is the tail estimation method for simultaneous
posterior distribution in Bayesian structural model update. The proposed method is applied to estimate the
simultaneous posterior distribution from the data obtained on past study, and the obtained simultaneous
posterior distribution is compared with the results of the existing method (GA) to confirm the estimation

accuracy and computational efficiently.
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Fig. 1 Tested bridge.
Table 1 Design specifications of tested bridge

Span Dead | Flexural | Support Modal
P load | rigidity | stiffness | damping
m | kN/m | GNm? MN/m per %
4 supports
Nominal | 29.2 | 247.1 52.7 4880 2.0
Updated | 29.2 | 247.1 40.3 4480 3.1
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Fig. 2 Measured mid-span displacement of the tested bridge.
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Fig. 3 Tested bridge and load model.
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Fig. 5 Tail estimation results.
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Factors that Reduce the Subpixel Estimation Accuracy of the Digital Image Correlation and Practical
Improvement Methods
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Haruki YOTSUI, Osaka University
Kodai MATSUOKA, Railway Technical Research Institute
Kiyoyuki KAITO, Osaka University
E-mail: h.yotsui@civil.eng.osaka-u.ac.jp

Image measurement of bridge displacements without target has been widely studied in recent years. However,
the displacement estimation accuracy is significantly reduced depend on the structural textures. This study
develops a methodology to evaluate the subpixel estimation accuracy of the digital image correlation method.
In addition, after clarifying one of the factors that reduce the accuracy of subpixel estimation, practical

improvement is proposed.
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Fig. 1 Schematic of a quadric surface on subpixel estimation
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Free vibration analysis of anisotropic laminated plates by region-wise zig-zag theory

a1 ()

Ho

f (BofiE s st - SR

Chikara WATANABE, National Institute of Technology, Hakodate College
Kaede OCHIALI, National Institute of Technology, Hakodate College
E-mail: cwatan @hakodate-ct.ac.jp

In this study, a free vibration analysis method for anisotropic laminated plates using the region-wise
zig-zag theory has been proposed. This theory is a theory that combine improved zig-zag theory and

layer-wise theory in order to apply it to structures reinforced with composite materials. By setting

the region in the plate thickness direction, accurate natural frequencies can be calculated effectively

not only for out-of-plane vibration modes but also for in-plane vibration modes. The accuracy of this
theory for moderately thick plates is investigated, and the method using virtual lamina is applied to the
region-wise zig-zag theory to verify the accuracy for thick plates.
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REINTVWRWD, FHSIX, BEIEREE— N% A8
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Effect of Element Geometry on Vibration Characteristics of Self-Monitoring Bender Element

KE R (BKmK - BT

mE it (BK - AERET)
Toshihiro OGINO, Akita University

Shinya NISHIO, Nihon University

E-mail: ogino@gipc.akita-u.ac.jp

Vibration characteristics of self-monitoring bender elements with different geometries have been estimated to
reveal actual transmitter behavior in bender element tests. Multi modal frequency responses have been
experimentally identified on the entire surface by using a laser displacement sensor. The responses of self-
monitoring bender elements for sine input of 20kHz, which is often employed for actual tests, have been
reconstructed. The reconstructed responses for the same input have been differed because the natural
frequencies for each element vary considerably depending on its geometry.
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Fig. 1 Schematic diagram of bender element.
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Fig. 2 Frequency responses observed at the tips of BEs.

OEAFREEITNZ END, TRENOEAEERE— K
DENTZbDEEXBND, £z, FHT C TIIELDEN
BRR->TEY, VHEEPRDOBND, THUTE2 D 2R
OEAREBE— RICE2bDEE25N%, BE BT
R SHMOMFIRE( RE— MITE>T S WEERT D
AR CTH D20, 2 RBLV 2WE— FOREENIZF %
GLIRK & 22> TV B ATREME R & 5,
4. £&DH
AKBENLHEOLNTZAMIILLTO®EY TH 5,
1 ROBEFIREE— FIRRITAFEH RO i iF Th
D0, 2 WO FEAIRET— N TIREHF Mo ihiFIRE 2 &
W5,
BE DEAIREEUIIRI B Z 32, 4kHz~55kHz O
HLPHICRERR Sz, 16k, BE OZ@ENT 1 IRE— RV
méﬂﬂ\mﬁ FERR D ?ﬁ%ﬁﬁt <HAWHLD 20kHz
O sin # T BE 2B E I 5354, Zhaliiizd 7012
FTELZ 2mm BEICTALERD D,
HEE . ABFTEO TR & 72 V) BT (18K04342) DB AL % 5
Jie, ZZICRRLTHEZRT,
SE 30
1) Irfan, M., Cascante, G., Basu, D., and Khan, Z.: Novel
evaluation of bender element transmitter response in
transparent soil, Géotechnique, 70(3), pp. 187-198, 2020.
2) Ogino, T., Mitachi, T., Chan, K. H., Oikawa, H., and
Tsushima, M.: A method for received waveform
reconstruction based on bender element test using

frequency-swept signal. Soils and foundations, 48(2), 287-
295, 2008.

2R FBARGANFEY VRY D LBEBES (2022558)

10 =
=
0.2 g

E <
S o 0o =
= \ E
- Ul \ REE  ABE c
-0.2 {V\(| — % :F — AR Ez( £=20kHz) —
. ‘ -103

0 02 04 06 08 1
t [ms]

0.2

02 0.15

0.1 0.1

£ E

005
0
0
-01
-005
. -01
¢:0.1 ms 10 _ Elapsed time:0.3 ms
5 6 5 -0.15

Width [mm] Length [mm] & o Width [mm]

Length [mm] 8 o

Fig. 3 Response of BE(A) reconstructed by Eq. (1) for one
cycle sine input (fi = 20 kHz). The right edges in the foreground
correspond to the fixed bottom in Fig. 1.
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Fig. 4 Response of BE(B) reconstructed by Eq. (1) for one
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A Numerical Study on the Applicability of VBI system Identification
Using Vehicle Vibration Data from Multiple runs
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Securing engineers and budgets is a challenge for local governments to sustainably maintain and manage
infrastructure. One method for efficiently inspecting infrastructure is the simultaneous inspection of vehicle,
bridge, and road surfaces. Previous studies on this method have proposed various methods for estimating
road surface irregularities and bridge feature from vehicle vibration data. However, in the presence of noise,
the estimation accuracy of the mechanical parameters is low. Therefore, in this study, we attempt to improve
the estimation accuracy against noise by estimating mechanical parameters using vehicle vibration data
from multiple runs of a single vehicle. The results obtained showed that the use of multiple run data did not
improve the results. On the other hand, averaging of vehicle vibration data can show good results.
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Identification of mode damping ratio in high-order local member vibration
generated in a steel railway bridge girder
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The reciprocity theorem and multipoint hammering test can reveal the steel bridge member high-order local
vibration modes over 100 Hz. However, modal damping ratio could not identify by existing method. This study
proposed a method using the multipoint hammering and ERA and the experimental results clarified the modal
damping ratios for high-order vibration modes of an actual steel bridge member.
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Table 1 Identification results of three example modes
Mode: Web vertical 2" & horizontal 1% per a panel
Existing method Proposed method
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€

Frequency:144.9 Hz

Damping Ratio: - Damping Ratio: 1.78 %
Mode: Web vertical 6™ & horizontal 1% on a panel
Existing method Proposed method
= k;,::,-fni g;‘ 1

ecte e
Frequency:523 Hz
Damping Ratio: -

ERA Frequency: 522.4 Hz
Damping Ratio: 0.63 %

Mode: Web vertical 5" & horizontal 3% per a panel

Proposed method

Frequency:1022 Hz
Damping Ratio: -

Frequency: 1025.1 Hz
Damping Ratio: 0.07 %
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This paper studies the modeling of dynamic response for an efficient bridge weigh-in-motion (BWIM).
Rather than modeling the dynamic response directly, this study considers it as noise with autocorrelation or
remove it by filtering. In the former case, the dynamic response is considered in the form of a covariance
matrix of observation noise, composed of the residuals of the measured and calculated responses, in a
Bayesian framework. In the latter case, the dynamic component is simply removed from the response by
high-cut filter considering the natural frequency of a bridge. The accuracy of them are compared with

synthesized response data of a hypothetical bridge.
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1) Fred Moses: Weigh-in-Motion System Using Instrumented
Bridge, Transportation Eng. J. of ASCE, Vol.105, No.TE3,
pp.233-249, 1979.

2) lkumasa Yoshida, Hidehiko Sekiya, Samim Mustafa: w9
Bayesian Bridge Weigh-In-Motion and Uncertainty ‘ ' ' ' ‘ '
Estimation, ASCE-ASME J. Risk Uncertainty Eng. Syst., : : : : :
Part A: Civil Engineering, Vol.7, No.1, 04021001, 2021.

Displacement (mm)
2
L

Time (s)
Fig. 3 Example of simulated displacement response

Table.1 Four BWIM methods for the comparison

Method | R 1751 B I 4
1 Hifirf 751 BRI & 6 A TR gg_efgf,f&#f**’&“““-a
N T A VEABIZ LY R
| > o
2 HALATH WR S & B LB &2
High-pass filter T g
3 R0 R 1B | IR G AT RY R POt SR
& X BE @ ., |
B E & BE —&— M-1—6— M-2—4— M3-$ M4
4 DSy -Hx 10 | BIRRSY & B A TSR oA T T T T
B Axle 1 Axle 2 Axle 3 Axle 4

Fig. 4 Standard deviation of axle weight estimation results
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SREMBEIRICLIERERDZELNYNRERYRROSHT
Analysis of the stepping effect and slipping phenomenon of
the spread foundation by the vertical soil spring

WF Mz CRERER - L) AMRH RF CREREX - L) = 68 GoF L&)
Norihiko YAMASHITA, Osaka Sangyo University
Kohei KUBOTA, Osaka Sangyo University
Kojiro MIYAWAKI, Former Osaka Prefectural College of Technology
E-mail: yamasita@ce.osaka-sandai.ac.jp

In this study, the rotating soil spring under the spread foundation of the RC pier with the backfill soil was
replaced with the vertical soil spring, and the stepping effect of the spread foundation was evaluated. And then,
by performing nonlinear response analysis in the past study that introduced the behavior pattern of the bottom
of the foundation, the interaction between the rotational motion and the translational motion of the foundation

was investigated.
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[2B19-24-01] Visco-hyperelastic simulation with finite volume method based on
building-cube method
*Koji Nishiguchi1, Shusuke Takeuchi', Tokimasa Shimada® Ryohei Katsumata', Hiroya
Hoshiba', Junji Kato! (1. Nagoya University, 2. Kobe University)
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*Yusuke SAEKI', Kumpei TSUJI", Mitsuteru ASAI' (1. Kyushu University)
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[2B19-24-03] Water-Soil Multiphase Flow Simulation Using a Semi-resolved
Coupling Particle Method
*Kumpei Tsuji1, Mitsuteru Asai', Kiyonobu Kasama' (1. Kyushu University)
4:00 PM - 4:15 PM

[2B19-24-04] High-precision SPH method with spatial second-order accuracy with
respect to the initial particle distance.
*Shujiro Fujioka', Kumpei Tsuji', Mitsuteru Asai' (1. Kyushu University)
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[2B19-24-06] Shakedown Analysis on a bearing capacity of a footing subjected to
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*Taichi Muranaka1, Yuki Yamakuri1, Shun-ichi Kobayashi1, Xi Xiong1 (1. Kanazawa
University)
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Building-cube ;E&ICE D < BRETEEIC & 2 H014- B4 R

Visco-hyperelastic simulation with finite volume method based on building-cube method

PEE iR (BEEAR - D) T A (BEEKR - D)
HEKR - I

T Rt (BEEKR - 1)

IGH R WEKR - 227 A168E)

fgE R EEEKR - T

B r (%

Koji NISHIGUCHI, Nagoya University
Shusuke TAKEUCHI, Nagoya University
Tokimasa SHIMADA, Kobe University
Ryohei KATSUMATA, Nagoya University
Hiroya HOSHIBA, Nagoya University
Junji KATO, Nagoya University
E-mail:kojinishiguchi @civil.nagoya-u.ac.jp

Unified Eulerian structure-fluid formulation is suitable for massively parallel simulation of complex-shaped mate-
rial. However, it has not been applied to the simulation of viscoelastic material, which has many internal variables
in conventional studies. Numerical simulations of viscoelastic material are essential for a wide range of engineer-
ing fields, such as a shock-absorbing structure. Considering the background above, we propose a unified Eulerian
structure-fluid formulation with a visco-hyperelastic model in this study. The proposed method is verified by
simulating the uniaxial tension test and shock-absorbing structure.
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Review of the pressure gradient model of the SPH method
for incompressible fluids including negative pressure
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In recent years, a number of bridges have been washed out due to torrential rains. For preventive and protective
countermeasures against these natural disasters, it is necessary to perform accurate numerical simulations. In
this context, we demonstrate a simulation around bridge piers using SPH (Smoothed Particle Hydrodynamics)
method. We especially focus on the tensile instability and introduce a pressure gradient model that satisfies
first-order consistency as well as PS (Particle Shifting) scheme to maintain the particle distribution regularity.
The modified SPH method reproduces von Karman vortex, and its validity is quantitatively examined by
comparing Strouhal number and the twin vortex size with experimental data.
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Fig.1 Conceptual of SPH method
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Fig.2 Concept of circulation channel
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Natural disasters caused by the multiphase flow of water and soil frequently occur, such as seepage and scour
collapse of the rubble mound of caisson-type breakwaters due to tsunami, and landslides and debris flows
caused by heavy rainfall in recent years. In multiphase flow simulations of water and soil (granular material),
there are three types of coupling methods: the resolved coupling, which solves the detailed flow in the pore
spaces in the ground; the un-resolved coupling, which empirically determines the velocity-dependent drag
force; and the semi-resolved coupling. In this study, we perform a multiphase flow simulation by implementing
the semi-resolved coupling method that is computationally inexpensive and has good reproducibility of the

local collapse of ground composed of granular materials.
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Fig.1 Fluid-Soil Coupling model
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Fig.2 Proposed Semi-resolved coupling model
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Fig.3 Un-resolved coupling simulation result

Fig.4 Sphere-cluster mixed simulation model
(Red: Caisson block, Blue: Fine particles, Light blue:Cluster)
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SPH methods generally use interpolation approximations with a fixed kernel function depending on the distance
from the target particle to neighboring particles, so that computational accuracy is guaranteed only in the case
of regular particle configurations. Several methods to support its accuracy are proposed such as particle shifting
methods, which re-arrange the particle configuration to a regular state, and the correction of the differential
models in response to particle disorder. In this context, we present a high precision second-order derivative
model and demonstrate the performance improvement with a few examples. In addition, we find that particle
shifting methods to modify the particle distribution provides higher accuracy and stability of SPH simulation.
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N E ENDREATIIOHATHERD H 2 & T2 B %
TNENGHT 5 Z &N TE 5.
T 2 2 2417
ZV_TU Vw;; y Lrj[a ¢; 0°¢; 23 ¢i]

- J |,-ij|4 0x2  dy? " oxdy
rij . VWU -

= 22 14 +4ij{Pij —Tij Z Vi Vwir 3)

J |ry X

T
qi =[x v ] (4)
pij=[Ax,x) AW,y) ACGy]" (5)
A(a, b) = aijbij - rij . Z Vkaikbi,ﬁwik (6)

%

3. M ATREZRBRANRASKIC & 2 BERR IR 5 BT AM 0D 2R & BT
3. 1. HEEROBE
BEEMRIEL, BN 779V T70ETATHD
NORMAL & BEFERFSE DTRREINTND 3 DDET L
NAIVE(2*), SUM(2*), INVERSE(2%), X(3)D{%EAT45IDiT
AL S ¥ 3 DDET /L NAIVEQR), SUM(2),
PART_INVERSE(2), ##%E€7 /L CTd % FULL_INVERSE(2)
DF 8 DDEFADOHEEIT-72. T T, QHITIRAM
S ERNTEH SN ET L, QULIRAMSY %8 T
L7=ET NV TdhbH. FULL INVERSEQ) % FR< Q)DET )V
TIEBLRIA 720k 7 Bl i A R LA Q) DARBAT S 0 —H %
WE L%, £ET VISR UL %247 > 7. NAIVE TiX
BEBOE LT D 2 =7 ¢ O AL & BRI 70k BL &,
SUM CI3HARIR 2k 1Bl ORELS X B 5FED Bk Y
SRR ERAWTCEHL TN,

Fiz, BEETILLTOFIE T, RAFEREEIL, s
EOREE K& <FHi+2 RMSE (Root Mean Squared
Error) & L7z,
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1. RTH#EEL, BEoE#Es5 5.
¢(x,y) = sin(mx) sin(my) 0<x,y<2)

VZp(x,y) = —2m? sin(mx) sin(my)

2. FBRIAFTTITITT U EXDBAEERDD.

3. BRI T BFET DAL TITR L TRRED

W EED.

RigzE/hs< L, 1~3 OFEEZBEY KT,

¥ G E LG TWDEEIE, 1~3 OEfEZE 100 Bl Y
WL, ZOFHMETHAMT 5.

&>

(7

_Zi(V2); — V2 ¢y)?
RMSE = J 522

Fig. 1 Test function

3. 2. HEEERICKBRETE

FERE R & Fig. 2, Fig.3 1y, MR 7770
ET )L TH5 NORMAL T, fLoF Iz D SR
IR ONRhoT2. £, AR HD25E, REWMI %
FRWZET LD ) — )OI TIEREIT L, BAH
DEEDEETNQR DY) — )T IO A3 72
WIEEERERET NV THD Z EDNHERTE . W,
FULL INVERSEQ2) & 0 #EH L 72 IR A 7T B W TS AR
DIFFEEAT o 72, ZOMRKER, BEMIITBWTHREET
& RREE DOREE RS BT,

- undisturbed —— NAIVE(2*)  —— NAIVE(2)
-+ NORMAL  —— SUM(2¥) —— SUM(2)
-=— INVERSE(2*) -=- PART_INVERSE(2)
-=— FULL_INVERSE(2)
LE-01 LEOL (%) \\‘
_ LE02 _ LE)2 -
O < 4
2 & A
2 LE0 2 LE0 A"”?
1.E-04 1.E-04 ’."’ o
Proposed model V¢
b /
LE-05 LE-05 7 LE-05
1.E-03 1.E-02 1.E-01 1.E-03 1.E-02 1.E-01 1.E-03 1.E-02 1.E-01
Particle diameter (- ) Particle diameter ( - ) Particle diameter ( - )
(a) undisturbed (b) disturbed Fig. 3 Result of

Fig. 2 Result of Laplacian mixed derivative

4. DIOTa U TREEREMBMAOETILEHRALEZR
IRERMT
4. 1. BFEFE-ETIL
TRV T T 4 TR AW COEEMIE A% ISPH
BTN BROMREZ MRS 5. BEERKE AW - BER
EEOFER LY, BREET A TH-> THRTEE DL
LORBEOKR TN ELCZD, Y7740 71EE LT, K
FBLE OB 2 B A 2 RE~ L TS0 5 OPSY % iE
ALT=. &5, BEBIRNICHRDMFEE L WIEAIC

TARZR E25AMANEY VRY T LEBEBRES (2022458)

WXEDET IV TH-> THIERHEEIXRIES LRV, H
MEREERZWAMICT D Surface fitting) 2 FHA L, fiRHr%
{ToT=. FEFTETLIZ 13025 100 (cm)DIE 5 TEFER DA
(JEXEPE) ThHY, FIMSERMEE L CESEEEORIL % H
DA AIEFEL.0 (rad/sec) DRIVREIER A 5% 7. F 7o, WKL
FREIRRIX 1 (cm), FFMEIHES3134.0 X 107 (sec) & L7=.

4. 2. BFHER

RMTHE % Fig. 4 1oR"T. OPS 2 KL B iiRPER TR T
B & O &, Surface fitting (2 & 5 H B O L,
B B R IEBE R OB SRR T 2 1) OB o B % iR
T&7.

Pressure (Pa)

[ -80
-100

Fig. 4 Snapshot of particles at 1.06 (sec)
(a) without shifting, (b) with shifting

5. #

ARFETIE, 22 2 KEE 23 % SPH IEH O =g /e
BEHIS S AT VAL, Y75 0 v 7 EEEREL
EREERAITEZIRE L., BETT I T 7T T
VOBRTIRL, 2 MO EETNENFHMET 52 LN TE D
7o, BEWEETIME, H2D5WVITEEEEENLEL R
DEAEFATIE~DORI L AR TH 5.

ABFGE T HHE L 7 BT N BV T, $RERET LD
AR ITEEN T, 7T v T DB & R
DI E T~ FO0, 1 EDO TR %288 L TIRE
ETNVOZYBHEMEREITY, FHHEaR NEOFERENND
b Il R BRI B T L ORE AT O TETH S.

i
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renormalised meshless Laplacians for boundary value
problems, J. Comput. Phys., Vol.354 pp.269-287, 2018.

2) Abbas Khayyer, Hitoshi Gotoh, Yuma Shimizu:
Comparative study on accuracy and conservation properties
of two particle regularization schemes and proposal of an
optimized particle shifting scheme in ISPH context, J.
Comput. Phys., Vol.332 pp.236-256, 2017.
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EmED S5RAY BIMELFRKRIC K ZBBHIZORMAE - EFEMTE
Computations based on fluid-solid interaction for failure in gravel layer
due to vertically-upward water flow entering from bottom surface

o EgE (BUREE - 1)

R Mr BUKREE - T

B K# EK - ACCMS)

B B (5K - ACCMS)

Shiho MAKI, Graduate School of Engineering, Kyoto University
Junpei OHNO, Graduate School of Engineering, Kyoto University
Daisuke TORIU, ACCMS, Kyoto University
Satoru USHIJIMA, ACCMS, Kyoto University
E-mail: maki.shiho.86f@st.kyoto-u.ac.jp

The failure of a gravel layer due to the vertically-upward water flow entering from the bottom surface
was investigated with the experiments and the computations taking account of the particle-scale fluid-solid
interactions. Two types of gravel particles (average diameters are about 7 mm and 4 mm) and glass particles
were used in the experiments, in which gravel-particle movements were captured with a high-speed camera
and the water pressure was measured with four ultra-compact pore pressure gauges. In the computations,
the fluid forces acting on up to about 42,000 gravel-particles, each of which is represented with multiple
tetrahedron elements, were calculated from the pressure and viscous terms. As a result, in the fluidized area
of the gravel layer, it was shown that the computation method enables us to obtain the distributions of excess
pore pressure, pore fluid velocity and particle-particle contact forces, which are important to understand the
mechanisms on the behaviors of the gravel-particles driven by the water flows entering from the bottom.

1. IZIC®IC

AWFZETIE, BIRIL RSB D KD S AT 2800E F 5
&b, EEICHERELAA T, KR 2 EE L
THEICE 288D 1CEB L, Bl ORZEKY 7 (mm] 12
AT, &EO/PNNEOHKT ) 4 [mm]) AT AL —X
# 7 [mm)) DFEER BTV, BHEH X 512 X R FHEIBOD
i v B/ N RARROK TR X 2 TAEE S Ol 21T - 72
F7z, W27 — L Ok - BEKEEET % 3 XocEt
B 2RA LT, AR 42,000 HoEE T L GiEEL
BImAN 1 fEe TH, Ttk MFBIIHRAK2176) %
FWT, BVIE R % 110 BRE & § 2 B0 @eE I3t
BHRITWV, EEBCIEEHIAEE Ly, RIBKE - MIBR T ASE
B, F R TR 2RO T, MUE o NENRENL & s
DRAH =X NZERRINZ T,

2. MERNIRHLDRER

Fig. 1 12 SRER/KFE O MG ¥ 5HEER ORI 2R 7.
KDL, 1) =350 [mm], I =40 [mm], /3 =200 [mm)]
T, KIEWNE D = 31 [mm] ©ME D 5 FEEFHEK 0.83
[m/s] THI 5 ORITRA X8, ZORIMARFEIEXE/=. Fig. 1
D gravel box PIZ, BEHR? THW= KR 7 [mm] DR
KT (A, A, FEIREN 4 [mm] OBK T (BB) &

computational area 4

[ Tl N Ll

|
ravel
g h, ?

box

gravel
particles

hg

? flow

Fig.1 Experimental tank and computational area (left =

front view, right = side view)?

RIPER) 7 [mm) OERTEA 7 28— X% AWT, JEIE hy % 80
[mm] ¥ 100 [mm] &3 % 2 £HFDEEE%ZIT-72. Fig. 1D
hy 1349 300 [mm] TH 5. LFLOFMIC L 25E% 367
DML 7=,

EERTIX, KD SN 2K FEEE@EL
7By, NFPEHRTHEET 25881, NTFOEBKE
PAREICINET 2 2 2 HWE LT, "M A —FIX T
HAS-Ul (74 77 MEEHY T X 3 iREEITo 2. %72, &
I (xp = [1/2, xo = lp) (ZFB/INRIBEIRR/K £ 3 KPG-50KPA
CRAERIZSAEEY) % 4 ERRE L, x3 =20, 40, 60, 80 [mm] D 4
FCCREIBRKE 2 HIE L7z,

3. fE - EREREOBE

BERD) v FIRE DA - EASENRGTEEEFH L TEEA, B
T hg =100 [mm] & LRFDREZITo%. BEADET
U2 R v R, B 26 FEO IR Z VU
HEFTRL, ZONERMIMIFHIEBOZAMHEERE 3
BLT, HRERRC X DR TROEMER -7, B D
HETIIX, BADOKNTFETLVOEIRE 12 ICH/NLT-EF
NEFRF L. U2 7 L0, AT
#15,200, BB T3 42,000 TH 2. F7=, BN TFISIEH
T BRI, BT 5 8 2 SEBIC AR AR TR 2 R E L,
FHEMEB RN U TREEITEZ1T - T, BN FHEBOE
JIBIELVE ¥ RGPS 1 E R R RERE 2 LT RD TV 2D,

BFEFLICHT3HELLONEEEZ T oEL T35
729, TAREFE R IVIEIZEE F L OFIGREED 1/10 T
& L, “t’./l/%ﬁ‘&ai X1 XX X X3 @%ﬁﬁ&:iﬁbf% A ®§+§
T 612 x 72 x 528 (= 23,265,792), i B DFHE T 1, 190 x136
x1,008 (= 163,134,720) & L7z, fAEOEKICE S E, H
FAFLX A TED, flat MPLIZ & 3 HEEO 7ot 2
BUIRE A DEHET 17x2x8 (=272), 1B DFHE T 34x4x16
(=2,176) & L7=.

HEEEKRFED R —8— a2 P 2 — & CRAY XC40
(Intel Xeon Phi KNL, 68 cores/node, 1.4 GHz/node) % FlfH L T
1To7-.
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4. EERBLUVHERERCER
41. BEREAXAIICLDBRE SN FEORH
EHE D X I VIR INEEFE, LG ONTHA
HIAEL—ZXD 71— % — > OF#%, Fig. 2 ITRT.
Fig. 2 (2) ITRE N3 £ 51T, B A TIX, NTEERME
THRAE L -NERREN LS hE LA iR L7, ER
KD HEZEEB L, NTELE> SN TEIEHT 5.
B LRI RIS TILRE L, Fig. 2 (a) DIRFRT
IRENBRENCI > T FANEET 5. Bl LKA
FHICWATT 2EBBA LN, —F, 7 AL —XTIE,
Fig. 2 (b) IZ7TREN S & 51T, MFOBEHEIFH I LIV <,
FRATEANERICBWT, EARHOEEER ST 2R3
DEFIBBR N, X511, MFEEEOED EashE
DOBENE, BEA D — R HIERLTHERShE R o7,

-A - (b) glass particle

Fig.2 Particle flow patterns (h, = 80[mm], = 3.0 [s])

42. RIFBEOIO—NZ—2 DL

Fig. 31X, BB O%EBR (hy = 100 [mm]) 3B X UFHHETHES
NIRFAMDRAF Yy T ay b=25[s)ThHhb. B
DOEREBTE, KRICkhEE LFonNT3A o5s
IDbESETEFEL, KRPELGIIKELRITTZZ L
MHEEIN. FEMERTH, NTENEIREL 2%
12, RFAmABEAIENFR L 72 2 EAAHRI ATV .

(a) experiment (b) computation

Fig.3 Snapshots of gravel particles (gravel-B, t = 2.5 [s])

4.3. TEEDCTRES S OCNFREMDOHERR

LITFT, EBTEEHAEE L EEZ NS, RIKE
T e, F kTR O ERER @B, hy = 100
[mm], #=25[s]) ZR7.

Fig. 41X, xp = 1,/2 OWITHICBT B plom D FEIRD i
TH5. plom &, AIEINREKTE D SFHKTEET W
718 CERREIBIBR/KE) 2R $. Fig. 4 DBEFIZ, FEELF
DEER 0y = 0.5 DHEERTH Y, BB L 2O THIKE
FKLTWA. Fig. 4 ITRTXIIC, BENT plom > 0 [Pa]
LR BHEBAELFEL TV, BHZ, TRABMRERICH
AT 3HMAOEROZMICBOVTEW plom PEELTE
D, WEMEAET S 2 MEEC S VB EIBBRUKEDSFAE LT
W3, 2B, EERCEH L EBRIBEKEE, TRABRSAER
WERKEEZ LD, ZO®%KEAD L CUEE—EME 2 2 HA
HY, FETHEKOHEMAITHEE XN,

RIZ, Fig. 51%, x0 =1/2 DM B 2 IRH#~R T bov
WDKEXUDHHERT. Fig. 5ITRT X512, Kt

TAREZER FE25MIGANEY vRY U LEBEHMES (20225%58)

ETFRIERoTWS Z e BHERLT-.

Fig. 6 1%, FFETHEONINFREEMIRSZ v Lo KE
X Fe DOHi%wET. Fr=20x10"* [N] ZHEHEL L
T, Fc < FRr LR B2EEMOP NIV FORELRY E,
Fc > FR KB THRLTWA. Fig. 6 ITREN3 X512,
IKTRATEE LT\ 2 I TR F IR 25/ N X WIS SR
L TW2 Z e EENICIEEE .

200

3
50 100 150 200 250 300 350
Xy [mm]

Fig.4 Isolines of p(,, (line interval = 50 [Pa], blue:

Déom < 0, green: pl ... =0, red: pl,, > 0)

2
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Fig.5 Distribution of U

200
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Fig.6 Distribution of Fc (10 < xp < 30 [mm])
BEXHR

1) Alsaydalani, M. and Clayton, C.: Internal fluidization in gran-
ular soils, Journal of Geotechnical and Geoenvironmental En-
gineering, Vol. 140, No. 3, p. 04013024, 2014.

2) FEA, FERE, BAEKH, REFHET | $hiE EARRIC X
SEEENERTREN L & RO TR - BIAGHRGTE, 55 24 [
TARERIGH Y VR 7 LEEE, SO2E-01, 2021.

3) FEA, BEKR, I8, HPEM | ShiEEIC K 21
LT FE#% & saltation-collapse -7 D EXEARAT, AR
SECE A2 B F1%), Vol. 75, No. 2, pp. 1_289-1_300,

MR R BB L7 TlE, AL FERC U YK & e fiEhs 2019.
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R MERETEZ R 2 EROZ[NICETES 1 740 U8R
Shakedown Analysis on a bearing capacity of a footing subjected to
repeated inclined loads

LEE AER (GBROK - BRRE) vk f2— (RIRK - BT
Taichi MURANAKA, Kanazawa University
Yuki YAMAKURI, Kanazawa University
Shun-ichi KOBAYASHI, Kanazawa University
Xi XIONG, Kanazawa University
E-mail: koba@se.kanazawa-u.ac.jp

Fep R— (&K - B HE M (BFOK - L)

Shakedown analysis is a method for evaluating the stability of an elasto-plastic system subjected
to repeated loads beyond the elastic limit. The authors have developed a numerical code of
shakedown analysis based on hybrid type formulation. In this paper, a formulation of shakedown
analysis method based on Melan’s theorem is presented. Bearing capacity of a shallow footing

OABHEEATIARER BANFEESR

subjected to repeated inclined loads is also discussed.

1. lILsic

SEERNZFA U2 LR REMROBATLKLHR XN
TW3. Z0 XS R SRR ER R IZMEEMI
APEBIC R REEN Th A, W owl ), HER X DA 5%
BUMEEEREL UTEMICERAINS. 207720, iR LE
B2 A EBEOLEICOWTEH T 2 BEHH 5.

MR UMENMER T 2 &, MEHEZEIERE T2 2212k 3
WA, IEA ORI X 2IHIE, 2 LTI EnER
DEL 208V 4 7NV RICHEIEECE BB Y =4 7 XY
D3IODIECHETES. ZDSBHEIHED 2 DDIHEIARE
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Ry P RTRARELEERD 2 FRC 24 7 XY >
fRNTIEDS B D, BHNFFA IG5 %%E 2 % Melan O EHICED
IR R BRI B 2 B 2EM 728 E S % % X % Koiter D
SERICHS S HESHI STV S Y,
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a— PR L. £/, ZARHWT, Rtk e pYE 1
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o, TRHIDOVTHRET .

2. JxAUAIUEREDERL
(1) #RLANDOBERREIRIR

YA 7Ry VRBAMEEREERD 2 2DIEE LA OF;
MAEBERIIC KRBT 2. B i 28R LAV 2 R ¢« 280
ZH e LT, MEZEAICRIFN 22 RHT % (Fig.1). %
T HEREEGORNOME Ty 2E %, Mt Ty ORTEMER
HEfifE Doy & L7z,

Fig.1 Load domain and convex hull Ty

(2) Melan OFERICEDI<ERE

Melan O5EH ¥ &, HAERE Doy 10T 2 BRI 1135
ol b X oA NCHE S RICIRE LR WERIE S of 24
bR o5 2, 50 3 RKETHEROES & &2 TRk
S floy) BBV E T 22, MR LT 5 HIBMRITRKL
K24 2RO YF B2 THB ). Ldi->T, Melan O
HcHESE UTFORELRE: LTERMLTE 3.

Find aglg,);r e (1a)
st. BTe®=T.+D¥p" (1b)
oy = oza(]f] +of vieTy (1c)
flo)<0 VJeTy (1d)

T2, a IMERE, BB~ M) 7R, T id—EME, Dy
F7 4 V7 LEREMICE T 3178, pT BT 4 VL RIITH
%, F7-HEHERTE Doy WG L RIS L o, 203
HIpNF — i/ MEREIC & o TRD 7=,

(3) mBEMRHFrESNZHE

X (1a) 26K (1d) KESWTSZ S Y 2 BEEAL,
575 Y a WD & EeiltES M (KKT &) »WEHTE 5.
F 7=, EHIRRICBWT Melan O TE & AxEERICH 3 Koiter
DEMICEDS  E B RIREE b /o 5. KKT &4F
RFEER R ERANY 2 4 7 XY VENTR L R R
28T, 2.(2) TERE U 7z ol b Z LA st Y L oS —
Gurobi Optimizer Z i LT %, KKT &Mz mE 3 2 K
Rz sRed 5.

3. BELENEEZHELARVEROIIFARAIC
SRS e o - aw s it

(1) BUERERSM

Kttt B THALEEREER v > a2 (Hiskk:
5857, BHEEL 1 792) k BiSiLt:, WEEMIEE Fig.2 1R
T, FARRICHE T HBICBWTHEH L-EREREX v > a (Hi
R 5197, BRR 1 697) BRI, MERMANMEE Fig.3
WRY . HIEORRL RS X — &%, kit 05 A TIkE
c = 16[kPa], WilEEEMA ¢ = 0° r L, WEITHBOYE T
K11 ¢ = 1[kPa], WNEIEEEA ¢ = 30° ITREL, BT
A=y LT, OB AEER v = 16[kN/m?], fiEE 5k
E =1.0x 10%[kPa), 7Y vt v = 0.33 2&#E L 7. Fig.2
¢ Fig3 IR T & 5 IR L oA E (MR D i) %3
By x4 R UFEROMIZ, 1 NS HE % B 3 2 MR
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(2) BERERER
ZCHIRMNT . > x4 2 X VR O EEK o 0F 2 Ultimate limit load a [
FTEFIAT 5. MR T Fig.d IR TREERE [y % o f5
L7 EDNRRRFME ol THH, ZOHRELEOHHEHAT
FEZEMA L SEE, BHRELRT. oA 7 XY Vi
Tl& Fig.5 IR REUETEBES Ty 2 o % LFEERY S =
478y VIRFRFEHER ol'g TH 3. T OFEBNTHEZ &
LGS, RN 2 A 7Ry T3, LizdoT, &
AACBVTRD NI RRKDOFEBRE o 1ITEDWT, fitEL N
Hi g D BUESEBRAG R T, SRE AR V e KER WS H 0 Reference load I’y
R ZNZHMES ¢ = 16[kPa) ¥ EREOER A = 4[m?] Ot Vertical load V
TR LT, W8 Rt RERICE RS % bR Fig.4 Concept of load factor « in Limit analysis
(0T =067 =0 ) LEROBRIMERE Vi, 2 W TERTT
RTEMZ L TRRL (Fig.6 & Fig.7). Shakedown limit load domain a Ty
RGP HIEC O BUESEERFE R IX, Fig.6 20 S0k Ul L7245
B DIKIET 11D ST EMER A D EE T — BT 78 B T D3RR
TE 5. EFRERKEHFAOR LER (|6] = 90° ) OXKN
W1 AAEFEOZFEIOMN 2 BREEFTHALTWS Z 227
otz — THYE LM O BUESEERGE R TIX, Fig. 725 14
AR OFGHR & LB U T, 0K U U 72565 SR A 23 i \
L CHKFEHMOZFRENIIZEEL 0T, MiEH0F5 DI Reference load domain I'o
FFTERV. Zhude Y b E LB W T, KRG
EFEBINDT2DIEIBANDSARAIRTH S Z e 2R T 5. Vertical load V

4. BbLDIC Fig.5 Concept of load factor a in Shakedown analysis

AT, Melan OEIIHS < ERILE TV, WA RS
fby A — 2RI L7 2 — KR BI5 L7, 6K LR E 15 = Monotoni load (H)
B2 3RO T 3> x4 2 XY VIR R EHEL
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Fig.6 Numerical result (clayey soil)

o Monotonic load (+H, V: = 6.4Xx 10%kN)
o Monotonic load (-H, V¢t = 6.4 x 102kN)
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[ TTTTITTITITANN \ \54
/il NN

"

H=20[m]

0.15 + Double swing load (+H, Vy = 6.4 x 10%kN)

o Double swing load (-H, Vy = 6.4x 102kN)

Fig.2 Finite element mesh (clayey soil)
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Fig.3 Finite element mesh (sandy soil)

Fig.7 Numerical result (sandy soil)
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[2C21-25-01] Meso-Scale Numerical Experiment of Reinforced Concrete Beam with
Realistic Shaped Aggregates
*Keisuke Nasukawa', Hiroto MASUI', Mao KURUMATANI' (1. Ibaraki University)
3:30 PM - 3:45 PM
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Meso-Scale Numerical Experiment of Reinforced Concrete Beam
with Realistic Shaped Aggregates
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Keisuke NASUKAWA, Ibaraki University
Hiroto MASUI, Ibaraki University
Mao KURUMATANI, Ibaraki University
E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp

Three-dimensional numerical experiments of reinforced concrete beams are carried out in meso-scale. The
meso-scale concrete model reflects the geometry and distribution of coarse aggregates. The non-linear finite
element analysis with a damage model is used for simulating the fracture behavior in concrete. The numerical

results show good agreements with actual test results.
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Meso-scale modeling of concrete with realistic shaped aggregates
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Hiroto MASUI, Ibaraki University
Keisuke NASUKAWA, Ibaraki University
Mao KURUMATANI, Ibaraki University
E-mail: mao.kurumatani.jp@vc.ibaraki.ac.jp

This study creates meso-scale concrete models with realistic shaped aggregates in three-dimension. The coarse
aggregates are modeled by Voronoi diagrams, and each of them is then arranged randomly without overlapping.
The volume fraction, size and shape of aggregates obtained from the proposed model are compared with those
of actual concretes. Good agreements are found between the numerical and actual concretes.
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Examination of bending deformation behaviors of CFRP
with helicoidal laminate structure by DIC analysis
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Takashi MATSUMOTO, Hokkaido University
Yuki ENDO, Hokkaido University
Kenta KONDO, Hokkaido University
E-mail: takashim@eng.hokudai.ac.jp

This paper investigates on the four-point flexural deformation behaviors of helicoidally laminated CFRP by

the use of Digital Image Correlation method.

It is found that the helicoidal laminate shows very unique

deformation behaviors. Namely, in the flexural span, the helicoidal laminate exhibits large shear strain

values and equivalently inclined principal strain vectors on the tension and compression side.

These

behaviors clearly show that the helicoidal laminate does not follow beam theory.
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Fig. 1 Specimen dimensions and loading conditions.
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Fig. 3 Normal strain in x direction.
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Fig. 5 Shear strain.
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Study on deformation behavior of temporary pier structure with fuse mechanism

BIn 8 GRIEEATAVIEE) Mk GREAARPER) B0 2 (AARKRFE TR
Minoru SEKIGUCH]I, JR East Japan Consultants Company
Kaoru KOBAYASHI, JR East Japan Consultants Company
Nozomu TANIGUCHI, Nihon University
E-mail: m-sekiguchi@jrc.jregroup.ne.jp

This study is about a temporary pier structure with a fuse mechanism. The deformation behavior was
clarified by conducting static loading experiments and dynamic loading experiments of the fuse mechanism.
Furthermore, the fracture behavior of the mortar fuse was clarified from the FEM analysis of the element test.
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Model tests on the effect of construction accuracy on the uplift resistance of spiral piles

A X (PRX-EHI) FafE ®E (PRX-EI)

Yuta KINASHI, Chuo University
Hidetoshi NISHIOKA, Chuo University
E-mail: al7.ewn6@g.chuo-u.ac.jp

Spiral piles are manufactured by twisting flat steel bars and expected to be adopted at construction sites that are
narrow and do not allow heavy machinery to enter because of its features that can be driven by rotational
penetration using only human power. In this study, static axial tensile load tests of model piles in dry Toyoura
sand were performed, and effect of construction accuracy were considered. As a result, it was suggested that
push-in force and over-rotation affect the uplift resistance of the pile in service to some extent.
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Influence of bridge-train interaction
on bridge dynamic response under train passage

B Wz (BRERHT)

K SRIE (BRERRT)

M (BERT

Haruyuki KITAGAWA, Railway Technical Research Institute
Munemasa TOKUNAGA, Railway Technical Research Institute
Manabu IKEDA, Railway Technical Research Institute
E-mail: kitagawa.haruyuki.31@rtri.or.jp

Passage of train induces the dynamic response of bridge which depends on interactions between railway
vehicles and bridges. This study investigated vehicle/bridge interaction on the dynamic response of steel and
composite bridge structures with small masses. Numerical simulation found out that the dominant frequency at
bridge resonance due to train passage decreases with the decrease of bridge/train mass ratio, and the magnitude
of the dynamic response at resonance decreases with the increase of bridge span and with the decrease of the

mass ratio.
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Table 1 Analysis parameters
Parameters Value
Girder span Lj(m) 5,10, 15,20, ...,100
Natural frequency f f =80L,7%8

Mass ratio per unit length
Py = (PA)p/(PA)y

Train

0.5,1.0,2.0,5.0,10.0

- Dynamic model
- Moving loads
a=0.04~0.8, Aa = 0.001
a=v/2fL,

Train velocity v
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The verification of Al extracting the data on actual bridge
from vehicle vibration data for complement of GPS
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Bridge monitoring by sensors is often high cost for middle-short span bridges. This study focus the drive-by
inspection which can measure the bridge vibration without putting sensors on bridge. The vehicle vibration
through over bridge should be extracted from continuous data. This study verifies whether the relative distance
between GPS device on bridge and vehicle can be used for extraction of vehicle vibration through over bridge
and classifies them by the deep learning model with learned their data. For first step, the vehicle vibration data
going over bridge is extracted by proposal method, and their data is validated.
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Table.1 The parameter in Experiment

PC1 PC2 PC3 S1
Span [m] 12.6 14 30.88 30
Girder Type, Number 1 T, 4 T, 4 Steel, I, 4
Vehicle Weight [t] 13.8
Vehicle Velocity [km/h] 17.3 43.6 27.1 30.0
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Fig.2 Acceleration on Bridge PC 1-3 and S1
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Railway bridge deflection estimation method based on track irregularity measured on the vehicles
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The railway bridge deflection when a train passes is a typical index expressing the bridge performance. As an
efficient estimation method, this study develops a method using track irregularity data measured on a traveling
train. The method can estimate the maximum bridge deflection by multiplying the maximum difference between
the track irregularities of the first and last vehicles by the conversion coefficient. The method is applied to the
track irregularity data measured on actual railway, the estimated maximum deflections of two bridges agree
well with the on-site bridge deflection measurement results within an error of 10 %.
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Fig. 1 The concept of track irregularity difference and bridge
deflection measured by the first and last railway vehicles.
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Fig. 2 Modeling of bridge deflection and train that measure track
irregularities at the first and last railway vehicles.
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Fig. 3 Modeling of bridge deflection and train that measure track
displacements at the first and last vehicles.
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Fig. 4 Comparison of calculation time for a train passage.
Table 1 Estimation and validation results

. Estimated | Measured
Track disp. . .
. . bridge bridge
Conversion | difference . .
ID deflection | deflection
factors peaks .
(Present) (on-site)
[mm]
[mm] [mm]
Bridge A 7.21 0.483 3.47 3.22
Bridge B 4.61 0.349 1.61 1.59
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Most of the fatigue damage in steel bridges is displacement-induced fatigue at the member intersection. To apply
appropriate countermeasure against displacement-induced fatigue, it is important to identify the deformation of
bridge members under live load that causes high strain. This study presents a deformation measurement method
using computer vision-based image sensing technology. The field measurement was performed at actual steel
girders bridge in-service using a 4K video camera. The displacement responses were determined from the recorded

video data.

1. Introduction

Steel bridge structures are subjected to cyclic load every day.
The cyclic load is resulting in fatigue damage which is considered
one of the major causes of bridge failure. Usually, fatigue damage
is difficult to inspect with naked eyes". Understanding the
deformation behavior that leads to high strain is necessary for
countermeasure against fatigue damage. Since the high strain is
considered to be a result of member deformation under live load,
measurement of the deformation such as slab deflection or
relative displacement between main girders is important for
identifying the cause of fatigue of web-gap plate. However, in
order to determine the bridge deformation under live loads, multi-
point simultaneous measurement of displacement response is
required?.

The bridge displacement response can be measured by various
methods such as MEMs sensor or contact displacement gauges
but these devices can only measure a point at a time. To measure
many points on structure, it is needed to install many devices. In
contrast, the video camera is convenient for field measurement
since they are easy to set on the field and they can simultaneously
measure multi-point response. Thus, this study presents a simple
method to extract bridge deflection from video data. The field
measurement was conducted using a 4K video camera as the main
instrument. The bridge displacement response was determined.

2. Material and method
2.1. Test bridge description

Fig. 1 shows the layout of the bridge, and the location of the
contact displacement gauges. Fig. 2 shows the experiment setup.
The bridge is a single-span bridge with five main girders. The
deck system is the RC deck plate with three traffic lanes. The test
bridge is located in Tokyo and is managed by Metropolitan
Expressway Company, Limited.

2.2. Video camera specification

The video camera which used in this experiment was Sony
PXW-Z90 4K video camera. The recording resolution was 3840
x 2160 pixels with 60Mbps, XAVC QFHD 29.97 p. frame rate.
The videos were recorded in long profile format throughout the
recording period.

2.3. Field measurement

The field measurement was performed under the in-service
bridge. A 4K video camera was set under the bridge. Contact
displacement gauges and strain gauges were also installed to
measure the responses of the test bridge under live loads. The

camera was set between girder 2 and girder 3. The contact
displacement gauges were attached under girder 2, girder 3, and
under the bridge slab between girder 2 and girder 3.

2.4. Displacement measurement method

In this study, the displacement response was measured using
video data which was recorded in the field measurement. To
determine the bridge displacement response from video data, first,
the video sequence needs to be extracted into the image sequence
over time. The extracted image was considered one by one to
identify the difference over time. These differences were
considered as bridge displacement responses. In order to identify
the differences easily, MATLAB’s edge detection algorithm was
used?.

Since the bridge displacement response measured was in a pixel
unit, to verify the accuracy with the data obtained from contact
displacement gauges, the unit had to be converted to the physical
unit, millimetre in this case. Thus, the fundamental experiment
was purposed to determine the scale factor which can convert the
unit from pixel to millimetre. The scale factor can be obtained by
determining the relationship between distance from video camera
to contact displacement gauge and the size of one pixel. With this
relationship, the pixel size for various distances could be
determined. According to the video camera specification, the
resolution recorded is fixed at 3840 x 2160 pixels. In the contrast,
the size of objects which a video camera can capture varies as the
distance between the video camera and objects changes.
Therefore, the size of a pixel is subject to the distance between
the video camera and target objects. The example of an indoor
experiment recorded screen is shown in Fig. 3.

2.5. Slab deflection and relative displacement between main
girders calculation
The bridge deformation can be represented in the form of slab
deflection and relative displacement between main girders.
Sekiya et al. (2017) had proposed that the slab deflection relative
to two main girders is given by
Us = Usiap — % &Y
In the other hand, the relative displacement between main
girders is given by
Uy = Ugs — Uz 2
Where Uj is the slab deflection relative to girder 2 and girder 3,
Ug1ap 1s the displacement response of RC slab between girder 2
and girder 3, U, is the relative displacement between main girders,
Ug, is the displacement response of girder 2, and Ugs is the
displacement response of girder 3.
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