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Introduction

- A research reactor facility has to withstand an earthquake

No damage to radiation shielding

Built-in components do not fail

No deformation to guide bushes of control rods

Acceleration at the fuel elements below critical value

- RADIOSS calculation

- Estimation of the damage to an intended facility design

- Computation of necessary enforcement
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Introduction

- Earthguake design spectrum

- Initial geometry model

- Damage analysis of the initial model

- Proposed modifications

- Damage analysis of the modified model

- Conclusion
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Earthquake design spectrum EVONIK
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- Earthquake with an occurence probablility of 10-° per year
- Maximum acceleration in the ground response spectrum is around 2 g
- Earthquake duration is 20 s

- Design spectrum transformed into velocity time history by SIMQKE
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- The initial reactor geometry is as follows:
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Reactor building Reactor shielding Interior
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Initial geometry model PE
Building & Shielding EVONIK
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Barite concrete

- The model is split into 3 parts (BRICK, MAT 22)

- Velocities are recorded and

transmitted from outer to inner model Mortar layers
o _ (SPRING)
- Inner models as rigid bodies
Concrete

Supporting framework

(BEAM, MAT 2) (BRICK, MAT 24)

Drag bars
(BEAM, MAT 2)

Model 2 : Graphite blocks

Model 3 : Interior

Concrete foundation
(Earthquake excitation)

v, (£),v, (1), v, (t)

4 Model 1 : Outer
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Initial geometry model PE
Graphite blocks EVONIK
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Upper reactor plate: St-37
(SHELL, MAT 2) \
vy (£), vy (0), v, (1)

Graphite blocks
(MAT 24)

Guide bushes
(BEAM, MAT 2)

Model 3 : Interior

Framework

Lowe reactor plate: St-52
(SHELL, MAT 2)

v, (£),v, (1), v, (1)
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Initial geometry model PE
Interior EVONIK

Test tank
(includes fuel elements)

Water segments

Metal sheets (SHELL, MAT 2)
Water (BRICK, MAT 1)

Water tank

v, (£, (1), Vv, (1)

Supporting and lifting device (MAT 2)

p Socket & platforms : AlIMg4,5Mn0,7 (SHELL)
Columns & shaft : X5CrNil18-10 (BEAM)

%ﬂx
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Water (BRICK, MAT 1)
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Damage analysis (Initial model) PE
Shielding EVONIK
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Displacement of drag bars

Global failure of the mortar layers

(Non-sufficient dimensioning)

(Concrete blocks held together
only by friction and drag bars)

Displacement of
Barite concrete blocks

(Integrity of the shielding
not longer granted)

e
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Damage analysis (Initial model) PE
Graphite block enforcement EVONIK
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Contour Plat
Flastic Strain(Scalar value, Mid)
Simple Average [%0]

0.260
[D.231
0.202

—0.173
—0.144
—0.18

0.0g7
0.055
0.029
0.000

Failure plastic strain exceeded
in framwework
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Damage analysis (Initial model) PE
Graphite blocks EVONIK
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Gaps in the framework

Guide bushes may deform
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- Protection objective not met with initial design

- Shielding damage

- Loosening of concrete and graphite blocks

- Need for further enforcement

Increased number and diameter of drag bars in outer enforcement

Additional support for concrete socket

Cover plate to avoid dropping of concrete bricks into the reactor

Increased enforcement for the graphite blocks
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Mortar layer Additional
neglected drag bars
(conservativity)

Additional
enforcement

Modified
foundation
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Damage analysis (Modified model) EVONIK
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Contour Plot
o on Mises(Scalar value, Mid) - Maximum stress below compressive strength

Simple Average [KN/mm?] .

[D.DED of barite concrete (f.=22 N/mm?)
0.018
0.016

—0.03
—0.011
—0.0039

0.007
0.004
0.002
0.000

- No severe damage to concrete parts

- Only slight displacement of shielding
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Damage analysis (Modified model) EVONIK

Caontour Plat
Yon Mises(Scalar value, Mid)

simple Average [KN/mm?2]

0.500
[D.f—idd
0385

—0.333
—0.273
—0.222
0167
a.111
0.056
0.000

R =800N/mm?
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Contour Plot
Plastic Strain{Scalar value, Mid)

imple Average To
0.100 %] By = 10%
[EI.EIBB
0.073

—0.067
—0.056
—0.044
0.033
0.022
0.011
0.000
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Damage analysis (Modified model) EVONIK

Cantour Plat
Yon Mises(Sealar value, Mid)

simple Average [KN/mm?2]

0.200
[EI.WE!
0.15k6

—0.133
—01M
—0.089
0.067
0.044
0.022
0.000

2
R, =235N/mm
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Cantour Plat
Displacement(x)
Analysis system [mm]

£10.000
[5D9.444
505559

—Aa03.333
—507.778
—h07 222
506.667
506.111
505.556
505.000

No bending,
tilt angle 0.07°
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Absolute value for acceleration at fuel element does not exceed critical value

Damage analysis (Modified model)
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- RADIOSS explicit simulation of a research reactor facility including
built-in components has been performed

- Proof that the research reactor does not experience damage in case of
an earthquake following a given design spectrum

Radiation shielding does not falil

No damage of built-in copmponents

Guide bushes do not deform, control rods operatable

Acceleration on fuel element does not exceed critical value
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