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1. Dynamic analysis of pipes to seismic loading

2. Failure modes and structural integrity of pipes under seismic loads

3. Structural design of nuclear components.
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1. Investigation of assumed failure mode and strength evaluation method of pipes under severe
seismic loads.

2. Characterization and simplification of seismic loads from view point of fatigue failure
evaluation.

3. Analysis of fundamental vibration tests of plates.

4. Analysis of vibration tests of elbows.
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A brief Introduction to the INER (1)

O The Institute of Nuclear Energy Research, INER, was founded
in 1968 and under Atomic Energy Council (AEC), the nuclear
requlatory authority in Taiwan. INER is the sole National
Laboratory on Nuclear Energy Research.

O INER is located in the Northern Taiwan and has approximately
1500 staff. (v iner.gov.in)

O With the ongeoing government re-organization, next year INER
will be under the Ministry of Economic & Energy Affair (MOEEA)
and to fully support the development of energy technology.

INSTITUTE OF NUCLEAR ENERGY RESEARCH ﬂmm

A brief Introduction to the INER (2)

| 18t NPP (Chinsan, BWR, 1979)
@ | 2nd NPP (KuoSheng, BWR, 1981)

@| 3rd NPP (Maanshan, PWR, 1984)
@ 4rd NPP (Longmen, ABWR, 7777)

INSTITUTE OF NUCLEAR ENERGY RESEARCH Amm
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A brief Introduction to the INER (3)

Director-General

Adrministrative staff 12%

-

Technicians 33%

Research staff 55% (Total: ~1500)

Manpower Distribution

Administrative Cffice

MNuclear Safety Tech.
10%

Center 43 % 5 i
W Environ. and
Energy Tech
‘ Center 30%

Radiation Application
Tech. Center 17%

Budget Distribution for Tech.

Centers and Administrative (Total: US$ 60 millions)

Organization Chart of INER

===== Matrix Operation

{— Advisary Committea
f— Occupational Safety and Health Commities

f— Nuclear Regulatory Technology Support Center

Chamical Enginearing Division

Project

Deputy Physics Division
" Direstor-General ‘l ﬁ Nuclear Fuels and Materials Division

Gollulosic Ethancl Project

Enginearing Division

- Deputy
Direstor-General Muclear Instrumantation Division
Nuclear Enginsering Division

— Wechanical ana 3;1Bm Enginsanng Frogram
{ Dry Storage Project

Chamical Analysis Divisien

Isatope Application Division

Radistion Appiieation
Technalogy Canta

Deputy.
— i el Health Physics Division
Chemistry Division

| Project Planning Division

Legal Affairs Office

- ChisfSeerstary || Parsonnel Office

—{ Ascounting Office
—| Secretarial Office

Civil Servica Ethics Offics

Fiscal year 2013

Mechanical & System Engineering Program (MSEP)

Director| Dr. Chin-Cheng Huang

Program Office

—| Deputy Director | Dr. YT Hsu

{US$ 5 millions FY2013) (78 staff)

| Enginesring Technology Growp | YWy
—{Nuclear Component Group | Dr.HW Chou
—— Mecharical Testing Group | Dr.Gou

—i Earthguake and Structural Engineering GrouE | Mr.YC W

Mrs. YF Chang

—l\."\ﬁnd Energy Technology Group J Dr. VWN Sue

NG Verifcaton & Validsion Group | Dr G Ker
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The R&D in MSEP (1)

Fracture Evaluation for Degraded Pipes of Nuclear Power Plant

O Developing a safety assessment
platform for piping integrity at NPP.

O Safety assessment of cracked piping
according to ASME code, Sec. XI.

O J-Integral evaluation program is
developed for nuclear piping with
surface crack.

=

Safety evaluation program of
nuclear class | piping.

The pre-processing sofiware for fast
generating cracked pipes & fittings models

INSTITUTE OF NUCLEAR ENERGY RESEARCH

The R&D in MSEP (2)

Stress analysis for Class 1 Piping at NPP

O Performing the fatigue re-analysis for class 1 piping of Chinshan
NPP to satisfy the requirements of license renewal application.
O Structural integrity analysis for piping after weld overlay repair.

. AN

INSTITUTE OF NUCLEAR ENERGY RESEARCH
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The R&D in MSEP (3)

Ageing Management for Reactor Vessels and internals at NPP

3D computer modeling for 3D demonstration for the Drawing and inspection data base
recirculation system of Chinshan system for reactor internals of Kuosheng

reactor internals of NPP NPP

Chinshan NFP

INSTITUTE OF NUCLEAR ENERGY RESEARCH

The R&D in MSEP (4)

Probabilistic Fracture Mechanics Evalq_g!ion for RPV

O Using FAVOR Code, a s WEEIN
probabilistic fracture mechanics 3 —
(PFM) software developed by
Qak Ridge MNational Lab. In USA,
The Taiwan domestic BWR
RPVs are studied.

O Failure probabilities of the shell
welds including circumferential
and axial welds can be obtained.

O The purpose of the study is to
relief the inspection work of the
circumferential welds of RPV
with extremely low probability.

pl

INSTITUTE OF NUCLEAR ENERGY RESEARCH
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The R&D in MSEP (4)

Stress Analysis for Dissimilar Metal Weld Overlay Repair

O Performing design and structural integrity -l )
assessment for the dissimilar metal weld with ,
overlay via ASME Code.

O To complete the preemptive weld overlay
design and structural integrity assessment for g d ]
the pressurizer nozzles of Taiwan domestic % | ]
PWR to EPRI/MRP and ASME Code. o= s mnme

T

Shrinkage of WOL on

Axial residual stress of FW
pressurizer surge line

nozzle WOL
WOL installation on pressurizer nozzle __system

INSTITUTE OF NUCLEAR ENERGY RESEARCH

The R&D in MSEP (5)

T ™

Thermal analysis of VOO = ' G

Verical Conecrete Cask (VCC)

|
o~

Anchorage Design The anchor boll analysis

INSTITUTE OF NUCLEAR ENERGY RESEARCH
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The R&D in MSEP (6)

B Tip-over analysis of a vertical concrete cask

g " -
= | . ams .

Analysis model & Plastic strain Velocity response al the top of the canister
distribution in concrete

B Vertical drop impact analysis of a canister l E

A

mig i impacs o 3" sblipon bmpast caee Deformation of pedestal and stress

distribution The acceleration responses
whit TR
INSTITUTE OF NUCLEAR ENERGY RESEARCH 3 .

The R&D in MSEP (7)

Drop Test of a Small Scale Canister

Installation of the
accelerometers

Data acquisition and storage

Hoist system 1000 W auxiliary light equipment I lﬂﬁ
INSTITUTE OF NUCLEAR ENERGY RESEARCH - “-‘-
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The R&D in MSEP (8)

Residual Stress Measurement Tests
B The residual stress measurement of standard specimen

i
i 5 o
e Rt e W e
The standard specimen The resulis from using X-ray and drilling hole tests

B The residual stress measurement in a canister affected by welding thermal stress

R ]
Lovationimes)

The X-ray measurement The hale drilling

equipment (by TPC SRI}  measurement equipment The test results

skt T

INSTITUTE OF NUCLEAR ENERGY RESEARCH

The R&D in MSEP (9)

SMW offshore wind turbine stu(!y 150 kW wind turbine (by WTG)

Adrisitie.

INSTITUTE OF NUCLEAR ENERGY RESEARCH
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Conclusions

B [MNER has been run for 46 years. It have made contribution to the
muelear-related technology in Taiwan. Due to the government re-
organization, it will be under the Ministry of Economics & Energy
Affair (MOEEA). The name will be changed to [Nstitute of Energy
Research (INER).

B With the upcoming challenges, we must extend our research territory
to the area outside nuclear field. However, we believe researches for
nuelear energy will still be continued.

B With the limitation of luman resource and budget, long-term
cooperating with companions around the world will be very umportant
to us in the future. So welcome to joint us in the future !

INSTITUTE OF NUCLEAR ENERGY RESEARCH m

HBhHEL)ITE¥ELEL
Thank you for your attention

BRIt
Welcome to visit INER !

INSTITUTE OF NMUCLEAR ENERGY RESEARCH m
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FINAS

TITLE Nonlinear dyanmic analysis of inversed beam (sudden wave 1-2, pure lead)
SUBTITLE 1014/7/02

DYNAMIC ND EP

CONTROL
LARGE DISP

MODEL
$...1.... 1........ 2.1, 1C R 4.t .... 5....1.... 6....I.... AR 8
NODE

1 0.0 0.0 0.0 10 1 11

11 0.0 0.0 130.0

12 0.0 1.0 0.0

ELEMENT TYPE
1 BEAM2
CONNECTION
**ELOOP1 10 1 1 1 0
$eid etype geom mat nl n2 n3
1 1 1 1 1 2 12

**END1
GEOMETRY
$igeom m B1 H1
1 2 13 6
$....... 1....1.... 2. ... 1C S 5....1.... 6...-I.... Vel 8
MATERIAL
$ Pb property E,RHO,NU(from wikipedia)
$ elastic perfectly plastic (unit:ton, mm, sec, N, Mpa, G=9810 mm/s"2)
$ mises
1 1 1 1
E 1.42E4
RHO 11.34E-9
NU 0.44
HDASH 1.0E+1
SIGY 10.0
BOUNDARY
1

$ fixed: ndl x,z,rx,ry,rz; others:nd 2~21 x,ry,rz

$ nods node Dnod icrd dofs dofe Du



2
$ ndl: y-dir drived motion (Base acceleration)

$ nods node Dnod icrd dofs dofe Du

$ ndl: z-dir drived motion (for constant gravity)

$ nods node Dnod icrd dofs dofe Du

$....... 1o...:t.... 2 ..ol IC R 4. ... [T S J
1 3 1.0

$....... 1o...:t.... 2 ..ol IC R 4. ... [T S T

$

$FORCE

$ 1

$ Gravity force induced by mass block (z-dir), card C (pp-8-32)

$....... 1o...:t.... 2 ..ol IC R 4. ... [T S T

$ nods node Dnd icrd dofs dofe Dpl Dp2 Dp3

$ 11 3 3 -8.712

$ 2

$ Gravity body force (z-dir), card D (pp-5-13, 8-33)

$....... 1.o...0.... 2 ..ol IC TR 4. ... [T S J

$ type elms elme Del para ips ipe Dpl Dp2 Dp3

$ 6 1 10 1 3 1 3 0.0 0.0 -11.12E-5

ADD MASS

$ Add the mass of top plate & hammer to node 21 (pp-8-22)

$....... 1.o...0.... 2 ..ol IC TR 4. ... [T S J
$ F1 nods node Dnd icrd dofs dofe vmasl vmas?2 vmas3
vmas5 vmas6 vmas7
F1 11 11 1 6 8.8804E-4 8.8804E-4 8.8804E-4

0.989 0.989

$DAMPING
$ F2 1 0.0 6.0E-4
$...1.... 1........ 2.1, 1C R 4.t .... 5....1.... 6....I....

TIME SERIES
1
wave curve for base acceleration
x=8*sin(pi*t/0.3)*sin(2*pi*f*t), f=13.6
25 H

vmas4
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TIME RANGE FROM= 0. TO= 1.

F2 301
7158.
3454.

-5470.
-14161.
-16687.

-9799.

5080.

22055.
33159.
31978.
16864.
-7767.
-32781.
-47861.
-45850.
-26015.

5194.

36374.
55530.

54875.
34066.
522.

-33361.
-55013.
-56564.
-37854.

-6364.
25862.
47006.
50020.
35117.

9264.

1.00000-3

753 7079.249 6841.731 6449.165 5906.464 5220.429 4399.680
563 2397.039 1240.556 -0.096 -1308.946 -2669.010 -4062.480
913 -6875.436 -8256.952 -9596.348-10874.709-12073.528-13174.914
798-15018.124-15729.039-16281.068-16662.278-16862.423-16873.082
766-16302.021-15713.495-14922.003-13929.551-12740.353-11360.816
511 -8067.112 -6176.323 -4141.776 -1979.916 291.143 2651.770
993 7556.685 10055.771 12554.437 15028.356 17452.919 19803.472
556 24185.147 26168.896 27984.364 29610.255 31026.634 32215.140
185 33844.137 34257.491 34389.013 34230.878 33777.774 33026.988
474 30634.888 29001.607 27086.716 24900.971 22457.745 19772.935
859 13754.118 10463.448 7017.535 3442.827 -232.683 -3979.687
805-11565.844-15342.062-19064.443-22700.974-26219.931-29590.158
347-35764.316-38511.269-40996.064-43194.448-45084.296-46645.821
769-48717.596-49201.621-49305.153-49022.595-48351.521-47292.731
267-44031.412-41846.657-39309.637-36437.044-33248.510-29766.465
968-22024.517-17821.838-13439.643 -8911.388 -4271.995 442.428
881 9947.778 14663.259 19303.504 23831.048 28209.102 32401.856
791 40094.969 43531.315 46654.890 49439.138 51860.119 53896.721
844 56747.568 57535.288 57885.819 57794.482 57260.153 56285.282
891 53041.526 50795.196 48153.272 45135.359 41764.148 38065.226
882 29799.870 25297.166 20593.698 15726.060 10732.214 5651.179
713 -4613.019 -9715.768-14745.536-19662.906-24429.361-29007.608
875-37458.213-41264.768-44752.045-47893.146-50663.988-53043.501
791-56560.288-57671.857-58340.884-58563.329-58338.756-57670.324
753-55032.259-53086.459-50744.251-48025.662-44953.671-41554.014
956-33887.051-29682.880-25276.773-20704.517-16003.056-11210.176
194 -1503.631 3333.104 8108.031 12783.916 17324.571 21695.151
437 29795.099 33463.947 36842.160 39905.493 42632.462 45004.503
110 48624.936 49851.879 50681.126 51110.183 51139.865 50774.261
676 48889.537 47394.280 45551.211 43379.336 40900.181 38137.582
462 31867.586 28417.309 24797.310 21039.311 17175.799 13239.738
277 5282.465 1326.968 -2570.211 -6378.004-10066.531-13607.352

-16973.691-20140.659-23085.440-25787 .469-28228 .585-30393.160-32268.203

-33843.442-35111.381-36067 .325-36709.388-37038.471-37058.212-36774.920

-36197.479-35337.229-34207 .830-32825.102-31206 .853-29372.680-27343.771

-25142.678-22793.091-20319.603-17747 .462-15102.329-12410.030 -9696.308

-6986.

583 -4305.715 -1677.775 874.172 3328.274 5664.083 7862.731
%26 H



9907.089 11781.909 13473.941 14972.034 16267.215 17352.741
18879.204 19318.002 19542.822 19558.126 19370.472 18988.411
17684 .540 16788.675 15749.975 14584 .886 13310.911 11946.412
9022.351 7501.933 5968.851 4442.604 2942.282 1486.362
-1222.605 -2443.483 -3555.958 -4547.343 -5406.562 -6124.260
-7106.843 -7362.384 -7457.804 -7393.375 -7171.353 -6795.943
2
Curve for gravity loading
TIME RANGE FROM= 0. TO= 1.8
$....... 1....1.... 2. ... 1C S 5. ..., 6...-I....
F2 2 1.8
1.0 1.0
RESPONSE
$ TIME te tdiv Dtdiv kauto Dtini Dtmin Dtmax
$....... 1....1.... 2. ... 1C S 5. ..., 6...-I....
TIME 0.3 10
$ FORC ifl al itsrl if2 a2 itsr2 if3 a3 itsr3
$ FORC 1 1.0 2 2 1.0 2
DISP idl al itsrl if2 a2 itsr2 if3 a3 itsr3
ACCE 2 1.0 1 3 9810 2
$ BOUN ibl al
BOUN 1
END MODEL
$
OUTPUT
$....... 1....1.... 2.1, 1C S 5. ... ... 6...-I....
$ OTIME2 otsid stps stpe Dstp
$OTIME2 1 1 100 1
$ NSET1 nsid ndl nd2
$NSET1 1 6 11
$PRINT SELECT
$ DISP nsid otid
$ DISP 1 1
POST TAPE
$ELM ALL
DISP ALL
$VELO ALL
$ACCE ALL
$REAC ALL
$XYPLOT

%21 H

18224 .138
18422.375
10510.407
92.509

-6692.902
-6273.255



$PLOT1 namel posl ipl
$PLOT1 DISP2 6

END OUTPUT
END FINAS
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* Research themes proposed by Prof. Kasahara

¢ Dynamic Response analysis of the inversed beam
= Some remarks

* Acknowledgement
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Research themes proposed by Prof.
Kasahara

* |Investigation of assume failure modes and
strength evaluation method of pipes under severe
seismic loads.

» Characterization and simplification of seismic load
from viewpoint of fatigue failure evaluation.

» Analysis of fundamental vibration tests of plates.

* Analysis of vibration tests of elbows.

Dynamic Response analysis of the
inversed beam (1): modeling strategy

Rigid bady

% 30 H
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Dynamic Response analysis of the
inversed beam (2): modeling strategy
. 4 F.r{uival(‘nt
+ Analysis object: pure lead, load case 1-2. Rigid body mass
= 10 Euler beam elements for geometry.
= Bilinear elastoplacticity with isotropic harden 1o
rule for material modeling.
= 5integration points along beam depth for
internal force calculations G
« Geometrical nonlinearity is considered.
= Equivalent rigid body mass is attached, 5
including the mass for translation and the
moment of inertia for rotation.
+ Node1 is assumed as a fixed end, and node 6
for observation
1 Fixed end
\ J
& . , k)
Dynamic Response analysis of the
inversed beam (3) : modeling strategy
m Shaking table displacement & x(t)=8sin(nt/ 0.3)sin(2mf *t)
acceleration for simulations [ =15.625, for input signal of shaking table

Tacke depiacemernt (mm)

f=13.6, for fitting actuactor displacement

ERang Tas aceseaton
e

Titme {mec)

For FINAS input

% 31 H

2014/7/29



ya
Dynamic Response analysis of the

inversed beam (3) : input parameters

Units: ton, mm, sec, Mpa, G=9810 mm/sec’
Young's modulus E = 1.43x10*
Yielding stress ¢, =10

a
ET

Tangent modulus E* =10

Attached mass = 8 8804107

Attached moment of inertia = 0.989 >

Damping ratio=0.0

Size of time step At= 1107 (FINAS)  &#=

Size of time step At=5x107" (VFIFE) 582

Please see the Folder DAUSERS\TYW \inversebeam6
L DAUSERS\TYWUWFIFE

Dynamic Response analysis of the inversed
beam (4) : Formulation

« Nonlinear dynamic equation of motion:
Mu+F_G,u.t, )=F_(u:1,1.) u=u_+u,

int

+ Frequently seen in seismic engineering, the U=1i + ijh
eq. of motion is rewritten as s )

Mii, + F

int =

F,_. —Mii U

Solving for u, then superposed onu,

Can we do this way for nonlinear
problem ?

~
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Dynamic Response analysis of the
inversed beam (5) : Results

FINAS (u,+ u,) VFIFE
IE 2ok
K-ais I)(a:us
\
r/
Dynamic Response analysis of the
inversed beam (6) : Results
8 — FINAS Input file:
Suchwave_1-2. s
Data translator:
E 4 Csv2tecp.f90
£ sv2tecp.
‘g 0 VFIFE input files:
3 1 ?.1_1':1]).:].“
% 1-2d_inp.dar
:‘“:2 -4 Source code:
o VFHFE2D
_g Expeniment
L.} FINAS
VFIFE displ
VFIFE Accel
-12 +
0 01 0.2 03
Time (sec)
\
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Dynamic Response analysis of the
inversed beam (7): Discussion

* The results from base displacement excitation and equivalent
inertial force have significant discrepancy.

* The FINAS over predicts the amplitude and with larger residual
strain.

= According to the example manual of FINAS, the large deformation
under static condition can be treated well. However none of
information about the mass matrix for geometrical nonlinearity is
available. Thus an element patch test was investigated.

Dynamic Response analysis of the h

inversed beam (8): Discussion

; e

time

o
7577 s
Initial state Final state

The Beam2 element doesn't pass the patch test !
Please see the Folder in DAUSERS\TYWU\Patchtest

% 34 H
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Some remarks (1)

*

The material parameters for this analysis have to be further
confirmed by practical tensile test.

Although preliminary investigation shows the rate effectis not
salient, it has to be examined in other loading cases.

The attached mass and moment of inertia can be calculated
more accurately, according to the real geometry.

The BEAMZ glement of FINAS only allow 5 integration points
along the depth. For complex dynamic loading, more points may
be needed.

The BEAMZ element can not pass the patch test of dynamic rigid
body motion. Thus for problem with very large motion, this
element is not recommended.

Some remarks (2)

+ Method of superposition doesn’t apply in
nonlinear analysis !

Table displacement (mm)

Time (sec)

Experiment
VFIFE displ.
VFIFE Accel

03
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Some remarks (3)

« For nonlinear analysis, sufficiently understanding the theory behind
the code is necessary. It helps verify and validate the result.

time for o beam loaded by a pres
stly plastic. Plots were genarated by various users an

RD CookK, Finite Element Modeling for Stress Analysis
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ESEHYYHFESTTVWEL !
Thank you very much !
Welcome to INER and Taiwan !
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