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Shape design of bridge collapse protection bracket
by applying topology optimization techniques
(Proceedings of Symposium on Applied Mechanics)
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A topology optimization method was used to develop a lightweight and rigid cast metal bracket that does not
require welded joints for use in bridge fall prevention structures. To evaluate the performance of this shape as
a combined product, rather than as a stand-alone product, an assembly analysis was conducted under actual
usage conditions to evaluate the performance in a more realistic environment. The new shape is
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approximately 30% lighter than the current shape, and its performance is equivalent or better.
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An estimation of elastic wave amplitude field generated by impact of spherical ball is required for impact-echo non-destructive
tests. The responses to the impact loads by the impactors can be modeled by Lamb’s problem solved rigorously by Cagniard’s
method on line of vertical load in semi-infinite elastic solid. Miller et al. approximated solution by means of the steepest descent
method, Ewing et al. derived equations of inverse integral transforms by deformations of integral paths, and Brind et al.
presented approximate equations in the near-field under potential point source as series of cylinder wave functions with
coefficients expressed in Laurent series. For the sake of discussion on echo by the impactor, accuracies of the approximate
equations are assessed in this paper. The results of comparisons with the rigorous solutions indicate that Ewing’s equations give
suitable approximations for P waves, moreover, the steepest descent method gives the appropriate precision on the far-field

over phase distance of 4.
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Fig. 6 SV wave approximation by Ewing’s scheme.
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Application of Fluid-Soil-Structure Coupling Simulation based on Particle Methods
to Preliminary Study of Anti-erosion measures
(Proceedings of Symposium on Applied Mechanics)
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This paper presents a fluid-soil-structure coupling method based on the particle method (ISPH, DEM) to
simulate the erosion of a river embankment with PC sheet piles. Through numerical experiments comparing
the deformation of embankments with different embedded depths, the number of sheet piles, and their shape,
we confirmed that our proposed tool could qualitatively express the overflow resistance performance of each
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sheet pile.
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Fig.1 Schematic diagram of erosion simulation

(a)Short sheet pile (D=20cm)

(c)Double sheet pile (D=40cm)

(b)Long sheet pile (D=40cm)

(d)U-shaped sheet pile (D=40cm)

Fig.2 4 sheet-pile types of anti-erosion measures
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(a)Short sheet pile (D=20cm)

(c)Double sheet pile (D=40cm)
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(b)Long sheet pile (D=40cm)
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(d)U-shaped sheet pile (D=40cm)
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Fig.3 Results of 3D ISPH-DEM simulation
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Fatigue life improvement of welded joint by controlled shape and application of fatigue life
prediction method considering cyclic elasto-plasticity response.
(Proceedings of Symposium on Applied Mechanics)
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The present study focuses on the shape effect on fatigue crack initiation and propagation life of welded joints
considering the cyclic plasticity behavior of weld heat-affected zone (HAZ) by considering a cyclic plasticity
accumulation during fatigue loading, which is a main cause of crack initiation. Cyclic plasticity behaviour
including cyclic hardening and softening together was investigated with an unconventional elasto-plasticity
model called the Fatigue subloading surface model?) and extended to include both elastic boundary and cyclic

damage concepts.
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Fig. 1 S-N relations of SM490A and proposed equations of

fatigue life. (Crack initiation life: N,)
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Table 1 Model names for each case
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Fig.1 FE model and boundary condition.
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To ensure safety during the construction phases of underground structures, the present and future conditions
of the rock and tunnel supports such as displacements, stresses and plastic region, must be estimated and
predicted by appropriate measurements and numerical simulations. However, many uncertainties, e.g.,
geological structures, mechanical properties of rocks, initial and boundary conditions, complicate numerical
modelling considerably. To solve this problem, the purpose of this study is to develop a numerical analysis
method using a data assimilation (DA) technique, that updates the numerical model based on measured data
during construction. To evaluate the effectiveness of the proposed method, numerical experiments are
performed. That is, DA analyses are performed using the displacements obtained from the analysis results as
simulated measurement data. From the results, DA updated the physical properties of the elasto-plastic model
and improved the prediction performance of the displacements of the mountain during tunnel construction.
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Fig. 1 Numerical model for excavation analysis.

Table 1 Physical properties of the ground.
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V&V of a Simultaneous Analysis Model of River Flow and Seepage Flow Around River Structures
(Proceedings of Symposium on Applied Mechanics)
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Hongxuan YANG, Kenta SHIBATA, Riku TASHIRO, Toshiro KUMAKURA, Tokuzo HOSOYAMADA and Minjiao LU
(Nagaoka University of Technology)
E-mail: yang@nagaokaut.ac.jp

Numerical experiments of Darcy law, pore pressure, drag and lift forces acting on concrete blocks, and
visualization experiments of seepage flow were used to verify and validate the simultaneous analysis model of
river flow and seepage flow around river structures. Although the numerical calculations were found to produce
results in agreement with the experiments, the actual conditions in the field may not match and may produce

different results.
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Fig. 2 Numerical results of velocities and equipotential lines
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Validation method of in site test (Proceedings of Symposium on Applied Mechanics)
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Shin SATO, Obayashi corporation
Akira HARA, Obayashi corporation
Tomoyuki SHIMURA, Obayashi corporation
E-mail: sato.shin.ro@obayashi.co.jp

This study proposes a validation method for in-situ testing. The in-situ test was the HE-E experiment conducted
at the Mont Terri rock laboratory in Switzerland to understand Thermo-Hydro-Mechanical coupled behavior.
Focusing on the THM coupled behavior, a method for validating the reproducibility of relative humidity was
investigated. The material uncertainty was quantified by applying the MCMC method. The uncertainty of the
experiment was quantified by focusing on the accuracy of the measurement equipment. We proposed that the
validity verification method in ASME V&V 10.1 can be applied by quantifying the uncertainty with the above

method.
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Fig. 1 Schematic layout of HE-E experiment
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Uncertainty quantification for dependent parameters
using hierarchical Bayesian model updating and model class selection
(Proceedings of Symposium on Applied Mechanics)
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Masaru KITAHARA, The University of Tokyo
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Michael BEER, Leibniz University Hannover
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In stochastic model updating, a probabilistic model is assumed for the model parameters and its PDF parameters (e.g.,
means and variances) are calibrated to minimize the stochastic discrepancy between model outputs and measurements.
Thus, if the assumption about the probabilistic model is inappropriate, it may introduce a bias in the updating results. To
avoid such inappropriate assumptions, we have recently developed a hierarchical Bayesian updating framework, where
the staircase density function (SDF) is used to arbitrarily approximate a wide range of probability distributions. In this
study, we aim to extend this approach to the calibration of parameters with dependency. The dependent structure is
represented by different types of copulas and the marginal distributions are modeled using the SDFs. Hence, the copula
parameter as well as the SDF parameters are calibrated through a Bayesian fashion. Furthermore, in this framework, the
most appropriate copula class is determined in the context of Bayesian model class selection.

1. [ZLC&HIZ

A AHEHNIIAE T T A OB T 0D 72 8 O JE T 72 e ==
TR 2 R L, S LR TR A 1T Lok x 72
SEHTISHEN TS, o ZE\HTIE, EFEEER
BRERZEICERET % € TVNE BT — 4% Ol % LR
B E L CERMICET UL, FHROME LT/8T A —
X OBRIEFE A5 5.

—J7, MEHEMESCBE RSN ZEMA - BERIC A ST 5
Bitie L, NI A= BIRNEAR OMELSMIHED & X,
LEROFB S TIRBRE OB T A — X A D
AHEEMEZ B/ N2 Z Enmbn s, Zhicx L
T, T A= HIKTR L Z OWSRIAT O Atk % BLH
FHT DRSS AEHFPTERE SN TN D, B, S
T A= DD LA (ERLS O BOER 510 72
L) BNEHENCEMTHDZ LI THY, Lz -> Tl
2250 & FRNOERIRT 5 Z L IR CH 5. ZEiE
NS AEFOWHEREN E L TOWDLEROUDESTHD
N, FH DITEE OS2 BER AT Bl AT RE 72 bk IR
EREREAEAVD Z & T, AR OIEITK & 72 FeHR
TRBEE S AR TFEERREL TV A D,

L2 LBEH DCIT 1 BEOBEORFHIE - TE b,
RT A= B PWHANIMNL 2 GBI IEIRII AR S 7243, FHEE
EHETLEA~DOIEIZONWTIZE SR IBHFABLETH
4. FZTHRMIZETIL, EEOHMBEEEEL AT S 2 5HD
BB MBI ERR A XEHTFEOIEERG L7z,

2. AEaASEBEBRIREERBICKIRBESHMETIL
AR TIE, MBEZATD 2 Z8x = [x, x,] DRI B
DA% (CDF) =2t = 7E%ic X v X(1)TH 25 2.

F(x) = C(F,(x1), F(x3); 6) )

ZZZ, Fi(xidx;DJF) CDF, CligxAt+5ar
T THD. 22 T BIEIE[0 1]2 LDFRIRE CDF Th v,
Z OB ANIERE—FENA TH D, 22 TIXCOMEK
TEIZIS U TRk 2 2B IS 2 E T LT 2 Z E R HRETH
v, RFETIE2EH 270 bREXNZEH 22

Z, JvA hravaZ, 773 7ava7, BIOT Y
a7 EANWS.

JEi CDF F;(x)IXMEBeRIEE AT & % . BEBOIRE BT
BBy, sriimy;, EEmg, BEXOEREM,D 4 >0%
ﬁ%ﬁ%%ié&n@iﬁ@%mekﬂﬂ?*%ﬂmié
BRI THD.

3. BEAA XEBHEETILER

I v o T B L BB A D © 72 B x D FH B REE &
BETOMESA, XEREEZD. aaT /3T A —40
B L OBEERE B DO LR E D AFE 9 DH RHE /T
A—=HIZONWT, BT — 2 DAL & LI %510
AXOFEBIZL V) THAHZD.

P(9|D) = P,(D|9)P(I)/P(D) O]

Z 2T, POITIDERDAG, P(DIEEAKXE, P (D|I9)IL
KX THEZOND LERKTHD.

PL(D|9) x exp{—d (M (x]9),D)?/e?} ®)

2, MxO)IEIEFTE L LizxD R A & Aaff S
TRE DHERNIRET VIRE, dM (x|9), D)IEM (x[9) & D
DIERE, elTFEBRIMOF IR TH H. RFFETIE, BE
WA SWATIINY T X U V2R AT 5.

KQ)DER A OHEEIZTIE TMCMC &2 WS, Zh &
D RMEE N T A —2 OFEGEHEEEINRKRE Y, R L LTx
DIRINE 3 Hi F (x|9) %15 % .

Lk 4 o022 T0 BET X IV EAT D
T2 IS RETIVRIN DIZE DR D, TMCMC ik
T, FROMAHEEORIEY & L CRALEPD) 255,
FOEE XS HETADOL & TOBNT — % OERMERD
HFHEZRT. Lo THULEPRbRE Ry
2T PN LEETHATET L E L GEIRENS.

4. BUBRRHTIC & HHREL
Fig.] |&7R7 3 BHEOARXYRAET V&AW TIRET
B BGRET 5. B LORIEO—E TR (my = 0.7 kg,
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m, =05 kg, my =0.3 kg, k; =5.0 N/m (i = 2,4,5,6)) T
HDHDITHR LT, 2 SOk, 3 L Ok IXRENDFE R
Rt D . EEREEES, f, LOBHIT—% ZHnT, BE
FIEIT L Vky, ks DRIRES M EHEET D, T D& X, ky, ks
DOXF XX TN TNk, € [255.5], k; € [5.07.0]L T 5.

ke

VWW

Fig.1 3-DOF spring-mass system
ki, k32 EFR45D a2 52 52 TS, fo, f3% 1000 %

YINVERL 4 00BIHIT— X & Lz, Wbk, DL
A3ARITIEA 4.0, FEAEMRSE 0.3 DIERSTR, ke DEIAAR T
WH) 6.0, FEHERZE 0.2 DEMSAE LTz,

EHa =2 712X 2807 — #1220 T, TMCMC J£T
ROI-K a2 FETNVORBALEZ Table 1 (237, IEM
a2 TOLEERAEIRKIZRD, XA XET LR
WL VYR a2 T2 RRTETCVWD I ERbnd. 1F
M3 OO 2 FIZLHBHT —F T OO THREORER
NELN, BWYRa I NRRENTWD Z L A2THET
7.

Table 1 Evidence for each candidate copula class.

Candidate copula class Evidence

Gaussian 2.81x 10715
Clayton 8.73 x 10716
Frank 6.09 x 10716
Gumbel 1.23 x 10713

OXIZEHR A 2T L 2807 —X12o0 T, 90F
B34 P(9|D) DIl & FihHEEEI & LTk, IEf=
Ea2TDéEDFER%Z Table2 ICF & 5. FITITBHT —
2 OERBIZAWZID BEEEAE MR L TR Y, FEHAEEM
FHEEE L~ LD ZERnbhd. 135D

B2 ZIZRL BT —Z I oW TS RIROERNE LTz,

Table 2 Posterior estimates of the inferring parameters.
Inferring parameter  Target value Posterior estimate

] 07 0.707
I 4.0 3.99
My, 0.09 0.1063
May 0.0 0.002
May 3.0 3.23
lis 6.0 5.99
Mys 0.04 0.0475
Mas 0.0 -0.002
Mys 3.0 3.03

Table 2 DS HRE DO ERHEEME & 5 % 7= BEBIR I L
B%c & LT, Fig2 IR Tky, ks®DJE CDF KD 7. W
o HENATHLERNMZ L ERILTRY, X
M DOHDIEFITIR O 7o FRTE @ BT — & % T
JEONAT A MUNCHEEST D Z N TE . B, BRSO
MNIEAROZEEXMZFEFODIZK LT, MBOIREEBEEIT
TRXENARTHD Z LICEERIMLETHD. 72720,
LRk, ks DFFX RN BEEER DA D 99.99 %fsHE X
EEATEY, EALIMERNEEZ X 5.

HEEIGANZE Y VRV U A

1 T . S
Target distribution
o — — —Calibrated distribution
0 0.5
&}
0 — \/ 1
2.5 3 3.5 4 4.5 5 5.5
k1
1 _
=
0 0.5
@}
0 1 1
5 5.5 6 6.5 7

k3
Fig.2 Calibrated marginal CDFs of k; and k;

Fig3 IZ& a2 ZIZ R DBUT —Z 2O T, —HDR
FUCHEE U Toky, ks DRIFERESR A G AR L2 1000 ¥
TN ERAWCTERE L EARBEOBAR ZRT. HEE
WREEBEIC L 2B DA OHEIZS AT, A XET
NEIICEVE R a2 T 2-RL, TONRTA—ZOD
HRMEEZHFDZ LT, WTHLOBT —ZIZonTHE
TIVISE DT — % OFHBEIREE 2 MU & T» D
Tl EMER L.

Gaussian

Clayton
» yton

7.9

7.9

f

Fig.3 Relative position of the measurement data (blue) and
calibrated model outputs (orange)

5. #EiR

P BER 2 B BEE R W e 3 AT R O FRTRE IR & 720
B~ A XHHNT BN T, BRI B B D o AR & [
RRZa I X7 A= 28FHT25 & & blg, W@
a2 T ERRT D20 XEeT EREMAE DY D A
EREE LT, BBETEIMEMEZET D 2 BRI RSy
MOBIENAIBE/R Z L 2 /R L2, A% XK 0 Sk OB
EHIIERHER L 2 I THEOILREZRFTT 2 TETH 5.

SE K

1) dbJs#E, JbERER, Michael BEER: PEfE~1 XHEEIC
LB /8T A= 5 R RALOF FINE, TA%SH
WA, Vol.79, No.15, 22-15005,2023.

2) R.B. Nelsen: An Introduction to Copulas. 2nd edition, New
York, Springer, 2006
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A Method for Determining Fracture Mechanics Parameters of Concrete Using
Response Surface Methodology and Nonlinear Finite Element Analysis
(Proceedings of Symposium on Applied Mechanics)

H 22 (KoK - 1)

HA R (ZIOR - 1)

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

This study proposes a method for determining fracture mechanics parameters of concrete using the response
surface methodology and nonlinear finite element analysis. Concrete beams with a single-edge notch under
three-point bending are used to estimate the parameters. Calibrating the numerical result to the experimental
response by a surrogate model based on the response surface methodology allows us to determine the fracture

mechanics parameters.

1. [FL®IC

ar s ) — MEEWIZ, OOEINhORE - ERICEVIE
EnEITT A, a7 ) — MIAEL 200N, #ED
DFEFERFIETIT T <, MEEDOMAMEIC b E B B XIE
T, a7 U — N OWEN R ERNICERET 5
ZENEETHD.

a7V — NOIFEBEREE ST HRITA—=2 L LT,
MEFORIPECAE N U 26 D £ 130T A 0fEIc iz ¢,
WETANLX—Nb 5. WET XX —1L, BE X
—HBR L LT AR EIZY o3 SlTRBRIC L kD 5
N5z ENE. BEEOMZED TiE, AT X —R R
D FFERCHIE T XNV X — %R 5515, BIEMIEEORERH]
L7 BB REALER (A —BIOZNRtR) &k D)
EREPERENTWS., LvL, a7 U — Dl
BERFESIT DT A—FTHY, FIEEENT ST e
NG A—=ZThAHMIME - JRE - fEE XL —0 3 HEEZ
R E RO BNDFFEL TR,
FZTARMIETIE, FEREA RSB &Gtk a
HAWT, a7 U — NOERFERNS, MEOMIME - 55k
TRE » EET XX —D 3 & RBICHRLI RET 5
BERETS. 27 V— R MIXIEY O3 TR ERICE
BB OERE R ARG, RETROFAEEZ R,

2. WEMEEICEANSA—SREFEDHRE

AHFIE THRET DR S8 T A — % OFRETFIEOEE
ZH-11279. BRa V7 U — M LESTHREINA TV
ay 7 ) — RIRIZY O 3 SRR (dE 2L X —
B) gl L, EBRICBIAHEDO LT InD, WiE
—CMOD (GJRBAAZAr) difIcKkt L CToRT A —F RIES
To52L 75,

FEBRAE R O — CMOD MR IZxF LT, Bl O % v
V7 L= a (7O 28T, MENSERT A —2%FE
T4, Fx V7L —aiizBnWdE, aryzy—hrok
D1FH T XA —2EOFHEZHREL, —MHMOTTHLRE
VIial—valrETOLERSD. L, TEXTHIL
2y o b—3g 2E, AT A—FOFITE U T
HEAFMICHEAMPERT A L Vo MERH 5.

Experiment

— 200 mm _,_J’_,_ 200 mm —
SSRGS I
o~ L : N L : S = . )

- PR - P ~ s
T A N N
100 mm >~ ~ . N=_ _ 7v T N~ N = N
[ \ A 117 -~ A - i -~ \ A
e 2=l am =0 o " 2. =
! I s e T
j ‘ AN H}%D\mm. v A

B 300 mm — O

Applied load

K(_.’mr'k mouth opening displacement

O] [O]

Non-linear FE analysis with response surface methodology

-1 REFEOLHE

Z ZCAMIZETIE, DRMICEF Y ) T L—a v EBITH
7oz, IR & O TEIERET O T L E 1Rk
T5. LT, ZOREEFTALERANT, ErFhLaY
Ral—yariliaFy V7L —va a7, ES
FRT A =R ERETD.

a 7 Y — MIRITY O 3 SRR & B S SE
rPiEe LT, R TI3BETT V& AW IERIE AR
RN D WA L. BIEMTICNE R 7 ) — D
MEIRT X —=21%, YU 7R, K7V, EREOT
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Fr, EAEDIEMELL, T XL —D55THD.
T, MFICEDBRERDOREZRNR LT HEDICRT Vv
ixPo e U, FERREEITA U 2 & 06 ERED R
I —fR7RMETHD 10 £ T5. LR~ T, REFETH
ETDHNRT A—HX, Yo7 WEREOT R - BiES
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N VIR SN ERTE 570, a7 U —Fh
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PERERE) 2\ T, ARBFZE TRV D IR AT TR SR AEAT 1 X
a7 Y — MIRIZY O 3 ST REBEIZ VT, w%:z
X —OMWEMEE LS ND a2l L TN5.
T2, ATRERICKIT D A v v o XORENRIEF /N
SWHETHD Z ELRIESN TS, KUFFETIE, V&V
12 &0 SRR SN TO D EEMT FEZ2HANT, =
Y7 ) — FOERBRERETBT 5 LT, BEEIIFRT A
— X ERETDH.

BARR 2 RT A= ZREOFIEELHATD. £, a2
7 U — NEIRIZY O 3 SRR AT, T E—CMOD fh
MEREST D, BAEOHIEY LREOFIEICE Y, g
WEZE AT, fiE— 2N E BT 570 0RBEET
IVEAERLT B A A HEE T 5 72 0 O EBREH & LT,
RHFSECld Box-Behnken 5t 2 H T 5. FET D37 £
— X3 OTHDHD, 3 HFFOERFFEIZE, 13 77—
A DIERIEA IRERIRNT 21T\, IS ((VEReT L)
BERT A, REBEFAEZHWCEL T ALY I 2 Lb—
vtk AaFr U T L—3 g UETY, EREER L OR
ENINEIRD T —ABRONIE, TDELEEDNRT A—H
ERFRERRE 5.

3. AR

FERERIZPE LI EEOERRE R 251, BETFIEOR
SEEIRE A R, B2 1%, Fl— *&@:/7)—bﬂﬁib
D 3 SRR BB DI 6 D DT E —CMOD Hif i x5t
LT, BEFEZHEHAL, ¥¥ VI —a 2{To28
Rchs. BEMIZ, ERLERBETVIZLSDTHY,
FICREBETLEHANT, ZNEN 800 SEIDE T v
Dy Ialb—yalrEFERML, Fv VI L—3 a3 ETo
TRERTHD. EROTIEEERASFUENRFRE L THUL, X

N N . N 2)  HARHE, SFEETER, IpvER,

BT ML DT ER T L. \ ) Booar s ) — f ORI S SRS S

B DR, LoblRic, RELRYS 7%, B NOFERAL & X OVERERF, FAH S T2k
HEOT R, Bl 3L F—, BEEEZRLTNS. #EE No. 20130015, 2013, ’
K & RO MR FOBBMOMABETHD. TNDOR 3y qigpess, IMIAE,
RERSL, ﬁﬁ%?”ﬂié%/fﬁ”DVilV_° T WAL R 72 WA & B4 HepteaR o — o,
= /753[\9’/1'% Eﬂtn’*% i &h%) ;Eﬁ) 5%*(%(&) D Zg +§I$%E@i%, No. 20220005, 2022.
%ﬁft%%ﬁri<ﬁfﬁfé’<'fb\§).ﬁ*k%7/l/@ﬂfﬁk7ﬁ> 4)  EARREE, BT, AL, FmEs,
ErTAAnySalb—vay, Xy JTL—va Y OR ASBRIEA - BT 2 U — MY OB RS
i E CEYNIATZ TWDZ LR bnd. AT RF 3 2 (U T L DFRZR L 2 0 32 24 MR

R A2 SN,

4. BOYIS ‘ ) 1 412,2022.

ARBFFETIE, A B S < IERTEA BRELEARAT O
REETVEZRANC, a7 ) — IR o3 G5ilhFE
BRI D, MBIORIE - 519REE - E= XL ¥ —0 3
OEFEIRFICHR I EET B HEERE L. HEkozER
FERICIRETELEH LR, ERERICEG Loy
7Y — h ORI - 5IEMRE « fHET XL X —0D 3 D& FhR
JKFAIETCEDZ LERLT-.
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(PURTDY LEEME)

Validation Experiment of Reinforced Concrete Beams with Shear Reinforcements
for Verification and Validation (Proceedings of Symposium on Applied)

PIE AR REOK - T)

A

JFRE (R - T0)

Junki Hanyu, Ibaraki University
mao Kurumatani, Ibaraki University
E-mail: 22nm831s@yvc.ibaraki.ac.jp

Four-point bend tests of reinforced concrete (RC) beams were performed at approximately the same time in one
institution equipped with one test machine for investigating the uncertainty involved in experiments. The RC
beams were produced simultaneously at one location to reduce the variation of materials and specimens. This
study can provide experimental data for Validation and offer valuable insight into the V&V for concrete

structure.

1. [ZC&HIZ

K E R 22 (ASME) T, V&V (Verification & Validation)

& I D Bt O S A SRS D 12O D ITIEN A
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B RAZELS FHITE CWAED) 2#ERTSH 7 0EAT
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1) The American Society for Mechanical Engineers: Guide
for verification and validation in computational solid
mechanics, ASME V&V 10-2006, 2006.

2)  HURIBRRE, PAIRE—ER, AL, EEEE, AR
7 AR S OE BABIC AT 72 RC1E Y O—FFliar 32
Br, TARTERIUE A2 U5 17%), Vol75, ppl4all-
1420, 2019.

3) ARfEE, W, HARR mmM%%mtﬁ%:
Y7 ) — MM OMIEY R 2 L —va VICBT AR
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Code Verification by Code-to-Code Comparison for Non-linear Finite Element Analysis of
Reinforced Concrete Beam
(Proceedings of Symposium on Applied Mechanics)
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The code verification of a computational model is performed using a code-to-code comparison. The target of
the code verification is the non-linear finite element analysis with a damage model for a reinforced concrete
beam. The general-purpose structural analysis code ISCEF is used for the code-to-code comparison. The
numerical results show good agreement and demonstrate that code verification is available by the code-to-code

comparison.
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Data assimilation by digital image correlation strain measurement
for load-carrying capacity analysis of steel members with local damages
(Proceedings of Symposium on Applied Mechanics)
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Kai Sato, University of Tsukuba
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This study evaluates applicability of full-field strain measurement by digital image correlation (DIC) to the data
assimilation of FE model-based load capacity analysis of steel structural members. The tensile test of steel plate
member specimens with corrosion was conducted. Sensitive FE model parameters to in-plane strain data were
extracted by the sensitivity analysis, and the posterior distributions of uncertain parameters of the steel plate
specimen was appropriately estimated using the acquired DIC strain data.

1. [ZL&HIZ

WgEE=4 Y 7 L0 S Em OBLIT — 2 0 5
EEEOLBCREIZBI D DT 3T A — % O AR ENE % K
L, HESEL7-ARESE(FE)E T /L& H - T EREARNT %
17— 2z BE 2 5. G CITEM L D OBEEMZRET
HARINTND L HIZ, MmO R2Z &R EEN
RO N BT A Z ENERENTRY, BWORT
— Z AT R AT e B I E 2 T 20 & 2 513 %
MENRD D, MEHEE Y7 & &AW BEofEs =4
VU RETIE, FHIEED B ORERICRE S5
7O RFHRGE O REE TH 5 5 27 o POl
EOBRBIEENMLETHY, EFHEOBEIIRDHIEZEZL
. WA CIXERLEIC X 2 IEREEH O 1E A3 E WAL T
RALNTWD. F I THRIFFETIX, T 2% VEgHEEE
(DIC)IZ L B OB atlicaE B L7z, DIC % V5163
FHAlE L CiX Dizaji 5 2 OAFFERH 203, Ha g &
I 7R AT BES L DR EE T — X [Aic X 0 & B
Pl A R TR TIZ E A ERVONRBURTH S, EED
DOEEAERIGE D Ci, SRR A 2 E L T 8RR
WAz R L, DIC OFRESCHEAZEOEREETT S
FE BT NWVICKIT DET NINT X — X OFEZGAAHEE 21T
Sl A TIHELIEAREZET KD FE €571
DWTDICIZ L DO AT —F EHNTZET LT R
— X OFALSIATHEE AN ATRE AR L 7.

2. TORIILEEMEBEEDIC)Z &L BEIRHAEBRV T A
ARG TR\ =T ¥ & VIR BEIEDIC) L, FHIKI S
DOFEMITEBEINTZ ALY I ARE— EENE T &
IEEET ORI AT THRE L, BFHI#%OREEG %
W7ty b EREZAL SNBSS B U, FHAEAHBIRE £
W2 &0 HERARR I OENRLOT A ZFHIT 2 FETH 5.
O BT — V5O L ITHERITHE O A 3 REET, A
BRIROE 720 « 0T AN FEETH D, AT
%, BRARAECTRELE2BON AT CHERIKE RS
2L, g%t MATLAB LTEIfET 24 —7 0 YV —=
TV r—3 3 MultiDIC 9 % W T 3 IRGTANIZONT A
ZFHH L7, DIC g TIZBEE SR 6) 2 5% & LTz,
VERLU 7 SRR BB TR — 1 PoR 9K 51, &34 380
mm, 0 250 mm, JEE 3.2 mm QAR EFE SPCO)IZ,
BV MEASE AR EHICA TS L—8BETAL Y 7 L3

— R LIZL DR 2 B(ENENHL, #2 K L R
THRE L. fEREER - 10)oRT X o1z, BIEKD
EHECMEIC L s TEEEERSEE. Ay 71—
VESAT L OER TEAIL, =YK 2 mm OO0
=T % 10 SAE 0 £ T

SIIERER, EREREICA DO 5 ERBRE E
ERUWE LI L7z, SIIRHUT O 7 O IR ME Y v v

R, B EIIIDIC Ao AT 2 & LR ZRE
Lz, Frb—P—Bfatick 0 B2 L, FEicH
MER OB KM EPHER TE D E TR EITo 72, OFH
AR —2 (\RT. BRICEDWAICLY oy —kFEE
WCARE =R OTHOAMDBFHIE N TN D 2 EB0 5.

(R R im
X —1

(b)Y AR AR 1
#1 SABREAR LR A

()
1500

E—Z#ﬂ&%%gbféﬁmw&Nﬁ)

3. FEETIEELFEE/NTA—20HE
FTRHERIRD FE ©F 1%, ILAARESRMSEN Y 7 b
ABAQUS I X WS LT, HL MEEEO BT LI
EWHLEETH720, RV MNEEESNET X7 4% LB
BRELEOTY Y v FRERTHEMICET ML, F£z,
Pl (S BRI SR A U7e. E A & Rl o0 BRI R

-12013-20-07 -



12013-20-07

¥oZftE FE T LV CHHEHRLE. £ LV02EHELT
593,748( D LTS 345,510) & 7e o 7.

T VAEEAZ T BN L DIERNT 21TV, O &
Wt L TRRE A BT DR MENRT A—F 2 L. B
B2 2-level full-fuctorial 3> 7" ) I K W XF A —X4
Yy T TY T U 2T o 7. £ D%, Smm
R CEMEREIRICEE 2891 ROMBYBOTHEHAL, 4
BT DU ELREL R2 EOMXHE 2 R 7-. 5572 R2
DTy FER-3 ITRT. ZORRENS, YU SRER
7Y ok, EREE L ERERDORE DG 4 RXT A —H
WZOWTEHERSMHEEZITO 2 & L.

90 20
70 gt T 0
NN o

"""" 20

10

1S I f ) OO i)
X—3 #1 R USRI RO R RN 2(%))

4. BRDTHETHER
BHROAIHEE XT A — X OFFIDA T — % Ok
RS AT L H5A AOQFETEMRT 52, ZZTid~b
o 7T T L IEMCMO) BT L=, RiEO R
AT CHIM L7e, SROTRMEE /ST A —Z T2 T—H5y
i & FRIA & Lic. MCMC OFEESARY > 7Y o 7T,
burn-in % 5000 step & L CTZ DD 50000 step & H% 04
WER LTz, 72, 09 HT — XX FARNIZ 4 cm R T 56
MEZRTDH L L. RMBET NV ART A—FDFERIG
FZEMN S, 77 BIFALHS)Y 7Y 7T 200 v
TNVERR U TEAE T T — 2 L L TRV K—4 12
#2 RO BB AAHEER KA 7. MOLED BIRICIFE
BEEOKRE, BRESOKRE, Yo 7%, KTV kho
BZ CHAiZ R L TCWA. YU 7RERT Y U HIIMZT,
JERFIROWED X 9 R ARFEEENRE W EZZ LI E /T
A—FIZOWVWTHREEEEMELTE TND Z &R0 5.

HEEIGANZE Y VRV U A

.

3.17 3.23

MRS (HEJE £ B (rum)

2.88
MRS (B R AEUE0) ()

3.23

196 216

¥ 75 (GPa)

0.27 0.33

K7V )
Bl—4 #2 Uk S oM e R

S5
1) ARERRS,A LR IS T, 1L O B = AT SR

BHACDE U8 1 MG O ML RE LA (2 B9~ 2 iR
AT, AR SCE AL, Vol.73, No.1, pp. 232-247,

5. & 2017.
zlslﬂ?%*c 1 RAHEE & 4 B HSEY) O 5 — & AL 2) Dizaji, M S:, Harris, D. K'? Kassngr, B.etal.: Full-ﬁe!d non-

SR C, EABHOSIEREL DIC - £y 0% deunive magebud dagneis o s wing 3D

R L7=DB, SHOIHTIC X L EEMTC FE €7 4/ 7 > g ’

K TR L I — 2 DRREE B A T D, {Zgréla;g;1§IV11 Structural Health Monitoring, 11, pp. 1415—

BILERT 557 A—STOWNCTDICOT BT SR 3 g i 20 7R TR 5 % 45 9 B WS 0 7 — 4

CHRIAHIELAT ST ABRIEE A B, MIFHORRRIL ) RHEAERERTAIC 10 72 IR O 2 55 A HR O T A A

REM RO FENZER L, LY R s8 2R TET F R T 23 SCEE Vol 69A ,2023.(FRR )

IWRT A= B HRG & L CHRME Ot DT T — 2 [F] 4) Solav, D., Moerman, K. M., Jaeger, A. M., Genovese, K., &

b~ LRI 5. Herr, H. M.: MultiDIC: An open-source toolbox for multi-

view 3D digital image correlation. IEEE Access, 6, 30520-

AEE 30535, (2018).

ABFFEL IST AIFEROITIE S EF 3 IPMIFR205T D34 4 5%

Jb0TT. ZIICRLTHEEZRLET.

ORBHBEEALIARER BANEEESR -12013-20-07 -



OABHEEATIARER BANFERES

12013-20-08

H2EEBANEY VRV T LA

ASME V&V [ZE DTN AM DO BHEABEICTT 2EHREBIZE (T2
BEEMOETIVE (D URIYLEERE)
Modeling of Joints for Woods Structures at Natural Frequency based on ASME V&V
(Proceedings of Symposium on Applied Mechanics)
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In this study, we propose a model for joint section of woods structures in natural Frequencies. A mortise and
tenon joint is often used to connects two pieces of wood or other material and affect the dynamic
properties of assembled of woods structures. Introducing V&V processes are implemented, in order to assure

the appropriateness in the models.
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Fig.2 1st Mode of the Parts
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Fig.3 Difference of Natural Frequency on Parts
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(a) Stub mortise (b) Open mortise
Fig.4 Mode of Assemblies
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