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Integration of Systems Engineering Model and Engineering Simulation Model
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This paper describes about integration of systems engineering model and engineering simulation model.
INCOSE and ASME V&V50 committee have been working on Model Characterization Pattern, MCP,
which includes the feature-based pattern of requirements for engineering simulation. INCOSE and
NAFEMS have been working on integration of modeling and simulation for systems engineering and
engineering simulation. NAFEMS and ASSESS have been trying to extend MCP. The author showed the
idea of automatic generation of simulation data using MCP combined with the method of feature-based

product line engineering factory of 1ISO26580.

Key Words: Systems Engineering, MBSE, Engineering Simulation, Verification and Validation, 1SO26580.
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A framework of verification and validation for data assimilation of tunnel mining simulation
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A framework of tunnel mining simulations with data assimilation (DA) is presented. In the tunnel con-
struction of railways and roads, numerical analyses are used to predict the present and future state of rocks
and supports as the mining progresses. Research on DA, which combines measurement data and analysis,
have begun as a more reliable prediction technique. This paper discusses the total concept of the frame-
work, including related laboratory rock tests, from the viewpoint of V&V (verification and validation) for
performance assessment of the numerical models as the analysis engine of DA.

Key Words : verification and validation (V&YV), data assimilation, numerical analysis, tunnel, rock test
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PRELET L (Surrogate Model) WD HiELH 5.
RESCRENSEONDIHAETOLARRFIEE LT, &
FEORFIEBSE DN ANCB Z b TV 5.

[FRBRRE RO AR S OHEE ] #5181 O FRERAE T AT
PFIESSEXEHETL. LnL, HEEE LTHRIZTD
TR TF—=F TERVOR— N TH 5. RERFES &
Y1 DB, WA T — & 25 UICT-T 2 & & 9 % L FAIFFIZ,
AR ORISR & A b FHIRE RO AR D S O E &
HEBITS.

[FAzEoE ] TSR & BB R OBE S 5
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V&V Examples for Stiffness Simulations for Wooden Chair based on ASME V&V 40
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In this study, we introduce an example for establishing the credibility goals for a computational model
related to typical mechanical structures based on ASME V&V-40. As shown is the documents, the risk-
informed credibility assessment concept is a key feature in V&V-40 comparing with the conventional
ones (V&V-10 and -20). This paper aimed to illustrates how establishing risk-informed credibility may
be put into practice, with some objectives. a) present examples that demonstrate model risk and credibility
approaches that are consistent with this framework, and b) illustrate how the gradations for each credibility
factor can be adapted for this example, mechanical evaluation of wooden chairs.

Key Words : V&V examples, Risk informed credibility, Mechanical simulations
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R iéf‘i ?%E%O)ﬁ%iﬁ%%i LT, ‘%2& i) PIRT (Phenomena Identification and Ranking Table) % {Ex% 3"
ERESHBERRTH Y, valb—va T TVRM g0 LT MROQUERET B 2 LI BA, T
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BICIHET 5 2 E2Z 0. M, N 5%, EET0.5%, ~FHEE0.5mme HET .
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o b=z B A ! R AL
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e g L CRABOABEMRT L. LIch-T, £fa
BT HVE&VIEZZ N OBEFTMIC AV FRESRET
e Ialb—vary UK, Yalb—varEwT0)
EXIG LT 5. 7k, ERARM OMBHRRE (BRIERRESCHK
EERE) 1%, VI a2l—3 a3 VBT ADOVEVIZEZL - T
FEhi T HAERRBR TR 5. FEERICIE, Y12 —v3
VETANGELNIER OSE) ICZREER LD
O EMEOIEMERE & LT 52 L1275,

(3) ETIURY
ASME-V&VAOD KT I 2 L — a VBT LD
(Model Influence) &, ME-ZHIWIZ L DU 27
(Decision Consequence) MHET /LY A7 ZFAHL T
Ralb—vayETMICRDLEVEV L L ERET D R
WD, DFEY, Talb—ra URERMNEEREICEZD
HEL ) MES TN ED LS iERIC DN D00
WOV RTEETAY A L LCRHMET 5.
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I TOEBEREIEROBHEN SRR EEET
L LR 20, RETHIIT AR T E S 0
DOXHIEERD Z ENB. FEHERW - SRV E
IEHERICHEBR L2 e 2 2 &, Je b QNS HReikik
FHROMPE M2 REMICK L TCEMT 2 TETHD Z
Enn, BEELTOIBMICOHETAZ EEBE L
L &®» IMEDIUM] (IR%ET D.

low: ZEFHMIIZIZE A EREL 720

MEDIUM: $#2i3& 5 b OOEMITIERW

high: ZZRFHHIC R ER 72 8 % RIET

b) ME-S-#ERICKDIIVRY
Ualb—a URERICES S TEAHIBNCERY BN H
STEHEICHEEEND VAT B FTO3BMICSIET 5.
WERF L T 2 B8R AT O KRS T AR &
STHIESTZRNEZEEL TVWSIZY, 22 THET
S T HIWHTBE AR R TH DI b BT REYER
TeF LHET D EITHIET D, G 7R
TTHEASNDZEEZBEL VD0, HHATICRK
RS 5 Z LIFEFEHAF MO rORKE2EbEDL 2 &
WCDRBHBRLTHD. RHEFIKT BRI K - TH
BETE DAMREMEIZ S D B DD, Model InfluenceZ #EAi4~ 5
B Uz BMET A b2 FEMT D2 &) BB 27 LUL
BB TT D, SHICZZTHRFEOEBAT
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low: fEAFICHHEREIC BB L 20
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HIGH: fEAFICEEE S L REENH 5
INETOVRTGHNE, YIalb—Ta r ET)V
® VY 2 7% TMEDIUM-HIGH] &\ % 21 & 72 Y, Model
Risk Matrix  (3CRk6, Fig.B-2.1.4.2-1) 1Z8iF 5 L~UL44H

F28METETHHEERR

431mm

(b) Example of Assembly

(c) Sub-Assemblies with a connection

Fig.1 Wooden Chair and its Breakdown Structures

W LHET S, 51T, ZDY AT Ll & Validation
Metric (3C#k6, Tab.B-2.1.4.2-1) IZHSWT, BIFD X9
72 Validation MetricZ % €5 5. Zi1 5 OFRIEIIVE&V-40D
FIEEBIZX L CERSINIZ B D TH D7D, RKE~DHH
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KL T2 b=y a VEEROETS%E D b/hE
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3. ETILOREREIELEVAV

ASME V&V TIISER M E T 27U, 37T 7 1,
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DV al—yaryOMEEUTOLIICERTS.

+  RI (Reality of Interest):
JISIZHURE S 7o R BERRBR (A& 7 SR (S hlerr L 72 BRI
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+ COU (Context of Use):
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A Trial of V&V of Numerical Analysis of Liquefaction Induced Landslide Considering Water Inflow

FAZ—RRD, — R 2
Soichiro MURATA and Koji ICHII

DB KR AR KFEBAE (T569-1098 KPRAT B FIHERT7-1, E-mail:k194391@kansai-u.ac.jp)

)i (1)

BAVE R thaZrpih 2% (T569-1098 KM il HAfE#]7-1, E-mail: ichiik@kansai-u.ac.jp)

V&YV is important for quality assurance of analysis results. However, V&V of non-liner dynamic analysis
is still very difficult. In this study, I tried to check the mesh size effect on the dynamic analysis with water
inflow, as a part of V&V process. As a result, the mesh size did not affect the deformation level of soil
layers although the local layer’s deformation is significant in the landslide with water inflow.

Key Words : Liquefaction, V&V, FEM, Mesh Size,
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Validation in Failure Simulation of Reinforced Concrete Members
Using RBSM with geometric nonlinearity

A £

Yoshihito Yamamoto

1) (L) BBRFE: T4 v LEH #d% (T162-0843 HATERHTE X 43 HIHT2-33, E-mail: y.yamamoto@hosei.ac.jp)

In recent years, simulation has been increasingly used as a tool for design verification and decision-making
in the engineering field. In response to this trend, V&YV (Verification and Validation) concepts and specific
methods have been developed to assure the reliability of simulation and to clarify the process. The V&V
standard of the American Society of Mechanical Engineers requires the evaluation of various uncertainties
in numerical simulations and the evaluation of the mean and variation of the response values of the
analysis results. This method provides a quantitative and unambiguous assessment of accuracy. In this
study, the validation of the numerical simulation method proposed by the authors for reinforced concrete
(RC) beams that are subject to flexural failure, especially for post-peak behavior including localized
compressive failure and buckling behavior, which cannot be reproduced by existing techniques and have
not been validated, is carried out in accordance with the ASMEV&YV standard, including quantification

of uncertainties.

Key Words : RBSM, Collapse simulation, Geometric nonlinearity, V&V, UQ
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Verification and Validation for bending test based on ASME V&V40
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Wood, a biomaterial, exhibits variability in its mechanical properties. In this study, the objective is to
quantify the bending Young's modulus variability of wood based on the results obtained from the material
tests. Differences in Young's modulus in bending due to different derivation methods using strain and
displacement are also discussed. understanding the bending Young's modulus variability of wood should
be basis in any mechanical simulations for wooden products.

Key Words : 4-Point Bending Test, White Woods, Uncertainty
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Modeling the Influence of Rock Shape on Run-out distribution of Rockfall

HHKED BARE? ZROFEZY SFHE ALY KNS & HARE®
Taiki Yoshida, Reika Nomura, Shuji Moriguchi, Kenjiro Terada, Tuda Yuto, Ikumasa Yoshida

DT bR TR B (T 980-8547 EHRIEMLE THH X AT 5 1 468-1,

DT BL R T2ERER BT (T 980-8547 EIREMUIA T HHEX TE T H B 468-1)
DT ALK THIZeR HEZEZ (T 980-8547 EMEMIA T HER BT HIE 468-1)
DT LR TR 20% (T 980-8547 B MIAT B ERX AT H I 468-1)
ST HETERTT RS ME T T2ERFeR B+t (T 158-8557 HEUHS AKX K32 1-28-1)
O T 1 R pTER TR MG TR T A e 0% (T 158-8557 AR tHHAX £i2 1-28-1)

This study aims to numerically investigate the effects of rock shape on the run-out distribution characteristics
of rockfall, and to construct a GPR-based model for a novel approach of rockfall risk assessment. To this
end, a series of rock fall simulations are performed under various calculation conditions and rock shapes

characterized by the concept of sphericity. The simulation results indicate a strong correlation between

the two sphericities and run-out distribution. Based on the finding, we constructed a model to predict run-
out distribution at a low computational cost. Although the prediction model could benefit from further
improvement in accuracy, it could be concluded that the run-out distribution of rockfall can be predicted
using two sphericities, material property, and slope angle.

Key Words : Rockfall, DEM, Sphericity, Predict Model
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Study of quantification for uncertainty of the material parameters
to use on validation of Thermo — Hydro — Mechanical coupling analysis

PR, FREERY , DR, mERERY, Be K>

Shin Sato, Motoki Moriiwa, Shinichi Ito, Yudai Takada and Kazunari Sako
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One of the validation methods is to quantify the uncertainty using the area difference of the cumulative
distribution function. As part of international joint research, an in-situ test was conducted to understand
the Thermo-Hydro-Mechanical coupled behavior, and the reproducibility of relative humidity has become
a problem. In the Thermo-Hydro-Mechanical coupled analysis, the reproducibility of relative humidity
depends on the retention curve. Therefore, the MCMC method was applied to the moisture characteristics
obtained by the experiment to calculate the probability distribution and quantify the variation.

Key Words: Thermo-Hydro-Mechanical coupled analysis, MCMC method, Validation
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In this study, we validate material tests to obtain Young’s modulus of wood introducing in simulation as
the lowest level of V&V process for wood products. Though the variation in material coefficient from
experiments should ideally be only variation in material property itself, it could also include differences
in specimen geometry and friction with experimental equipment. In order to eliminate them as much as
possible, preliminary experiments are conducted using material other than wood. With the experimental
methods determined in this way, compression tests in parallel/normal directions to wood grain are
conducted and variations in Young’s modulus are evaluated.

Key Words : V&V, Validation, Material Test, Uncertainty, Wood
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Fig.3 Test pieces to check the effect of spherical seat
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Tablel Young’s modulus summarized for each lumber

in lateral compression tests

lumber A B C D
# of test pieces 37 28 40 21
Averages [GPa] 0.102 0.232 0.359 0.162
SD [GPa] 31.2 59.2 157.6 77.8
Ccv 0.307 0.255 0.438 0.481
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Fig.8 Histogram for lateral modulus of Elasticity
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Numerical simulation is used as a means of providing scientific evidence regarding the performance and
safety of medical devices. The ASME V&V40 guidelines are useful in clarifying the degree of credibility
of computational models and the degree to which they can be used to make judgments when using
numerical simulation. In order to create an easy-to-understand example for ASME V&V40, we have been

studying the subject of woodworking chairs, and this submission reports on the status of our activities
focused on joint modeling.

Key Words : ASME V&V40
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2018 4F 11 H 12 % 1T & 71 7= ASME V&V40-20181 |
Assessing Credibility of Computational Modeling through
Verification and Validation: Application to Medical Devicesid,
EEESICBT MY I 2L —va VOB TH .
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DRENTVD B DODend-to-endDHEHIZ 72> TV 7R
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Fig.1 Wooden chair for the subject structure
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Fig.2 Compression test result

4. Model Risk

(1) Model Influence
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DRl 2 BIBRGT L T D Z & L BB TH 5.

(2) Decision Consequence

Z M COUIZ %} % Decision Consequence i3 V&V40 D {4
(2725 > TTable27» 5 TLOW ({0 | &R L7z, fid
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(3) Model Risk
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Tablel Classification for model influence?

Model Influence Description

Low The output of the model has a small influence on a design or safety decision.
MEDIUM The output of the model has an important role in a design or safety decision.
HIGH The output of the model has a dominant role in a design or safety decision

Table2 Classification for Decision Consequence®

Decision Consequence Description
LOW A poor decision may result in increased clinician monitoring, no increased patient risk
MEDIUM A poor decision may result in short-term patient risk and increased clinician monitoring.
HIGH A poor decision may result in immediate danger to the patient (e.g.. injury or death),

thus requiring significant clinician intervention up to and including immediate
replacement of device

Model Risk

Decision Consequence
LOW ——  HIGH

LOW-
LOW

LOW — X X X  HIGH
Model Influence

Fig.3 Model Risk for this COU

5. COUl (ISZEHEIEDIER) DV&VIEE)
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EAHIN, ROHE =R ITOWTI VWA Yy =2
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Table3 Credibility scale for discretization error?

Credibility Description

A No grid convergence analyses are performed

B Applicable grid convergence analyses are performed; conservation equation balances are not
checked.

c Applicable grid convergence analyses are performed, but not for problem-specific QOTs.
Conservation equation balances are checked; no estimation of discretization error is performed.

D Conservation equation balances are checked; estimation of discretization error is performed for
problem-specific QOIs.

Table4 Mesh size verification
\Sl:z ’:‘ Mesh Image | modeno.l | modeno.2 | modeno3 | modenod | modeno.5
- -

g 10mm \ \\' \ K

3 284.88Hz 286.55Hz 734.36Hz 740.81Hz P |765.30Hz

E‘ e

5 | A | W \ = \

L) L |28477H2 286.48Hz 732,440, @ [730.15H7 ¥ |764.84H7

Relative Error 0.04% 0.02% 0.26% 0.22% 0.06%

*; 166.24Hz 248.20Hz 530.98Hz 580.16Hz 637.79Hz

£ | 10mm

Z

1S

g 166.67Hz 247.51Hz 530.80Hz 579.66Hz 636.70Hz

E

Smm

2

z

B Relative Error 0.34% 0.28% 0.03% 0.09% 0.17%
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(3) Use Error
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Table5 Credibility gradation of Use Error activities?)

Credibility Description

A Inputs and outputs are not verified.

B Key inputs and outputs are verified by the practitioner.

[+ Key inputs and outputs are verified by internal peer review.

D Key inputs and outputs are verified by reproducing important simulations as part of an external

peer review.
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Table6 Identified Young's Modulus, Comparison of
Eigenfrequencies by hammering test and Abaqus

sample Eigenfrequency Density Young’s Eigenfrequency erniivr- error
4 from from modulis(Ex) from Abaqus hammering test
hammering test | measured mass identified vs. Abaqus
#1 285.00 Hz 475.8 kg/m? 12900 MPa 284.77Hz 0.08 %
#2 251.25Hz 395.7 kg/m? 8330 MPa 250.93 Hz 0.13%
#3 296.00 Hz 413.8 kg/m? 12100 MPa 295.74 Hz 0.09 %
#4 293.75Hz 465.7 kg/m? 13400 MPa 293.37Hz 0.13%
#5 249.75 Hz 391.7 kg/m? 8190 MPa 250.08 Hz -0.13 %
#6 277.75Hz 397.3 kg/m? 10200 MPa 277.11 Hz 023%
#1 282.75Hz 406.0 kg/m* 10800 MPa 282.07Hz 0.24%

7. COUS(EEAHMT7ETIDYIalL—ay)
DVEV;EE]

1) BEHT7EVIVDVIalL—ay
COU2THWETHOEHET N2 T, SRk
BEICEB LET B TV BT IVEER L. SRS
DHRIZEBTDDIT, &I —HFOBEEHILT LV IKT
BRAEE Lz, il L TV B E R ORmITES & L
THEAERT 21T 72

(2 BEMETIOZLHERED

THOT 7 VIR LT, 2OFig5ll/RI3EFEB ET
DE—FRICKHLTEES I 2b—vavinry~) o
HERIC L5 FERRDEOME L L7z, FigblormT &
IZBBLRE[MIT—HE LTI HEOOHKEY I = L—

mode no.1 mode no.2 modeno3 |

Fig.5 Mode shapes for three-piece joint assembly models

800.0

® Abaqus | mode #1
o aboqus : mode #2
700.0 - ®  Abaqus : mode #3
N W Hammering test : mode #1
L 600.0 - W Hammering test : mode #2
8 o0 . = Horrearg et | e £3
S s00.0}- . i
g L] ™ . i M n
= 4000 |- 3. n . ]
14
B 300.0 | ]
&
“ 2000 : - 2 - b . b
: M H o [] H [}
100.0 - M » - -
0.0 n 1 | 1 1 " | 1 |
#1 #2 #3 #4 #5 #6 #7

# for three-piece joint assemblies
Fig.6 Comparison of Eignfrequencies by hammering test and
Abaqus for three-piece joint assemblies

- F-03-04 -



F-03-04

Ta IR LT = U RO B A IREN UK ME
WK%%.ﬁﬁ%?WTi%A%®%%ﬁiﬁ%%¢6
A S (BEME) L LTWAOIcER LV EWE
BRI ol EZ NS,

Fio. FOMETEIF0.1%7>550.8% T~ 7-. COU2IZ
BOWTHMHEAEET LOZLMEITHER SN T DD,
COMMEDT LS IIEGHORETHLLEZDN
5.

(3) ETEHTEVIV - L2al—LarvOEH
BAMWT 27 V#UCKH L TFRig7IoRT X 91254 A
T ORE G RN R DA T TV A VER U A AT
EiTo7. FEAEBRARS T2 & T3BHOE— NOEH
REHUIZEL LN EL 2> TV D, Fig5lrd L Hicz
DE—FIL, HWHERWHEZBEWNCHMAT2E—RT
HVEAEHOEERREN2DHEEZEZLND.
—FT2HBOET— RIZEN R UNEWEHEET 5
E—RTHVEEHORELEZLN, EHkELEE L

FBBEEETHHER

8.

FEH

IRBVRFVED O FIE L7l Ty o 732 - T, #8

i Z & DBAEE T VI 6 R E L EAREIEL & FBRAE R

< —%L7.
50.8% D FHxf 2 & £ U CHEA T DR
RKEWZ ERbhoT2. #E
& CHIHOBHBAE— FiC
EERBROBE AR TVMEEE S Z LN TE .
<
BHVEHOBETHD. T2, #E
L72V&VAIZES V&Y T nt 2 &

BAmEESL T 7 VI, SEREK
LrEs-&EN
HoRMEHEKE AT T 52
KT D EAEE T N OB A IR
—J
DORBEETE— R
HOIFHOX 2 EE
SHEMFT LT E

EVMEZTS DR D oA

Thos.

(1]

THEARBEOZEITDT N ThHo T [2]
E5HIZ, PEHOE— RITEAMHEEEZ RS LT [EARE
ORI RIZEE A ER LN 2D 5Tz, E}SJ:U“
EWW®%T%~FT%D HLmoomamor 8l
PRIz S %%ai&b\tﬁ)k%x%ﬂé
8000 ——= m:: M
700.0 - ) = Hammering e : mode £3
g 600.0 Lo, R V... [P -
g 500.0 Tybed -
qé- 400.0 > TypeS
% 300.0 L . ‘:
5’200.0 ; D— * 4
100.0 I b
0.0 L | . | L | L | L |
Typel Type2 Type3 Typed Type5
Type # of the tied constraint region
Fig.7 Effect of varying the tied region in the three-piece joint
assembly model #1
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A framework for excavation analysis utilizing data assimilation (DA) is being developed to keep safety
during construction phases of underground structures. This paper shows that the position of the analysis
of laboratory tests in this framework and V&V concept. Numerical experiments simulating triaxial
compression test were conducted on a strain-softening model to confirm the applicability of DA. The
ensemble distributions of E and ¢ were shifted toward the correct value by DA. On the other hand, because
location of shear zone differs in each ensemble, the parameters that describe the softening behavior and

residual state could not be estimated.

Key Words : Ensemble-based Data Assimilation, Underground Structures, Tri-axial Loading Test, Code Verification
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