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Seismic Activity in Japan

• Japan is in a very busy seismic region of the world

•~17,000 earthquakes in 30 days 
(April 22 to May 22, right)

Source: Wikipedia
Source: HiNet

https://en.wikipedia.org/wiki/Plate_tectonics#/media/File:Quake_epicenters_1963-98.png
http://www.hinet.bosai.go.jp/hypomap/?ft=1&LANG=en
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Seismic Activity and the ILC

• The Kitakami region is relatively quiet (for Japan)

• even though 3/11 earthquake happened close by

Source: HiNet

Source: NASA

http://www.hinet.bosai.go.jp/hypomap/?ft=1&LANG=en
https://earthobservatory.nasa.gov/IOTD/view.php?id=49672
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Seismic Activity and the ILC

• The Kitakami region is relatively quiet (for Japan)

• even though 3/11 earthquake happened close by

ILC

Source: HiNet

Source: NASA

http://www.hinet.bosai.go.jp/hypomap/?ft=1&LANG=en
https://earthobservatory.nasa.gov/IOTD/view.php?id=49672
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Standards

• ISO 3010 „Bases for design standards - 
Seismic actions on structures“


•My translation:

• Be prepared for seismic events to happen

• Ultimate Limit State: Structures should not 

collapse and people must not be injured in case 
of severe earthquakes


• Serviceability Limit State: Structures have to 
withstand moderate earthquakes and might get 
damaged within accepted limits in exceptional 
cases during their lifetime

 

ISO 3010:2017(E)

VE,s,i design lateral seismic shear of the ith level of a structure for SLS

VE,u,i design lateral seismic shear of the ith level of a structure for ULS

γE,s load factor as related to reliability of the structure for SLS

γE,u load factor as related to reliability of the structure for ULS

5 Bases of seismic design

The basic philosophy of seismic design of structures is, in the event of earthquakes

— to prevent human casualties,

— to ensure continuity of vital services, and

— to reduce damage to property.

In addition to these, societal goals for the environment should be considered.

It is recognized that to give complete protection against all earthquakes is not economically feasible for 
most types of structures. This document states the following basic principles.

a) The structure should not collapse nor experience other similar forms of structural failure due to 
severe earthquake ground motions that could occur at the site [ultimate limit state (ULS)]. Higher 
reliability for this limit state should be provided for structures with high consequence of failure.

b) The structure should withstand moderate earthquake ground motions which may be expected 
to occur at the site during the service life of the structure with damage within accepted limits 
[serviceability limit state (SLS)].

Structural integrity should also be examined by considering the behaviour of the structure after 
exceeding each of the limit states (SLS and ULS). If it is essential that services (e.g. mechanical and 
electrical equipment including their distribution systems) retain their functions after severe or 
moderate earthquake ground motions, then the seismic actions should be evaluated in accordance with 
the requirements of ISO 13033. The structure itself should also be verified that essential functions 
remain operational under the same level of the motions.

NOTE 1 In addition to the seismic design and construction of structures stated in this document, it is important 
to consider adequate countermeasures against subsequent disasters (such as fire, leakage of hazardous materials 
from industrial facilities or storage tanks, large-scale landslides and tsunami) which may be triggered by the 
earthquake.

NOTE 2 Following an earthquake, earthquake-damaged structures might need to be evaluated for safe 
occupation during a period of time when aftershocks occur. This document, however, does not address actions 
that can be expected due to aftershocks. In this case, a model of the damaged structure is required to evaluate 
seismic actions.

6 Principles of seismic design

6.1 Site conditions

Conditions of the site under seismic actions should be evaluated, taking into account microzonation 
criteria (vicinity to active faults, soil profile, soil behaviour under large strain, liquefaction potential, 
topography, subsurface irregularity, and other factors such as interactions between these).

In the case of liquefaction prone sites, appropriate foundations and/or ground improvement should be 
introduced to accommodate or control such phenomena (see ISO 23469).

 

4 © ISO 2017 – All rights reserved

Provläsningsexemplar / Preview

ISO 3010:
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•Expected accelerations for 
earthquakes in recurrence 
intervals in Japan:

ロ♂
200年間持仙

図3－2　期待加速度分布地図（河角マップ）

（日本電気協会，「原子力発電所耐震設計技術指針」，JEAG4601－1987より抜粋）

之と）

Seismic Hazard Map in Japan : Maximum acceleration (gal) 
in recurrence intervals (T) of earthquake 

Kawasumi map : based on earthquakes 
from 679 to 1,948 in Japan

T=75 years

T=100 years

T=200 years

Site-A

Site-B

y

y

100 y
y

y y

Tokyo         Nagoya         Osaka         Sapporo         Niigata         Fukuoka         Okinawa         

Site-A Site-B

Max. acceleration in cities, Japan

Sendai         

( unit : Gal, cm/s2)

T. Tauchi
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Response Spectrum and Detectors

2

natural period T1

natural period T2

natural period T3

Input waveform

Response
Response waveform

Response spectrum

natural period

Maximum response value

Response Spectrum of Earthquake
for dynamic ground motion analysis of the structure

8

Platform = “concrete”, ζ=0.05

ILD support legs = 
“iron”, ζ=0.02

Natural period ?

T. Tauchi
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Standard Response Spectrum for Simulations
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Seismic Analysis  with  the class-1 geology (hard soil)
following the guideline of construction loads by Architectural Institute of Japan, also ISO3010

Sa
 ( 
T,
ς
 ) 
 in
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l

T  (period)  in sec

Acceleration Response Spectrum at Kitakami site

A0=150 gal

    

(1) 0  T  dTc : Sa =

✓
1 +

fA � 1

d

T

Tc

◆
FhGARAA0

(2) dTc  T  Tc : Sa = fAFhGARAA0

Damping (Fh )

dTc Tc

Tc =
2⇡fV GV RV V0

fAGARAA0
= 0.33sec

dTc = 0.17sec for d = 0.5

Kitakami is a site 
with hard soil.

(1) (2) (3)

(3) Tc  T : Sa =
2⇡fV FhGV RV V0

T

ζ=0.02 (iron structure)

ζ=0.05(concrete)

Amplification 
( fA, fV )

input to fixed 
points of the 
structure

rock bed

Displacement:x(f, ⇣) =
Sa(T, ⇣)

(2⇡f)2
Frequency:f =

1

T

469gal

375gal

(constant velocity spectrum)

Site-dependent parameters in seismic analysis for hard soil 
   A0 (150 at Kitakami site ): Basic maximum acceleration of ground motion 
   V0 (A0/15 hard) : Basic maximum velocity of ground motion 
   RA (1.0 hard): conversion coefficient of recurrence intervals (std:100y) of the maximum acceleration 
   Rv (1.0 hard) : conversion coefficient of recurrence intervals (std:100y) of the maximum velocity 
   GA (1.0 hard): site-dependent (ground type) correction factor of the maximum acceleration 
   Gv (1.0 hard): site-dependent (ground type) correction factor of the maximum velocity 
   Fh (1.25/1.0 hard): Correction factor by damping,1.5/(1+10ς) withς=0.02/0.05 for steel/concrete 
　fA (2.5 hard): ratio of GARAA0 of Sa(T,ς) in dTc<T<Tc ,  amplification factor 
   fv (2.0 hard): ratio of GvRvV0 of the velocity spectrum Sv(T, ς)= Sa(T, ς)T/2π in Tc<T, amplification factor 
   d (0.5 hard): dTc/Tc, ratio of lower bound of period (dTc) relative to the upper one (Tc=0.33sec hard) 
         in the constant Sa(T,ς) 

Natural vibration analysis of structures
Calculation of natural frequencies, own natural periods, natural angular 
frequencies, natural vibration modes, impulse constants, effective masses 
 then,   
Estimation of maximum displacement, maximum response acceleration, and 
maximum stress  to be reviewed if it is less than the allowable stress.

T. Tauchi



Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018 �8

ILD ECAL: Eigenmode Analysis

22/02/2018 Henri Videau LLR.  February 2018  CFS meeting KEK 5

Mode 1 @ 2,3Hz Mode 2 @ 3,05Hz Mode 3 @ 3,8Hz Mode 6 @ 7Hz

Due to the very heavy structure, 6 global modes are included into the range of earthquake peak 2-6 Hz

Preliminary Analysis Results:   Eigen Modes (states of excitation/vibration under specified fixed 

frequencies called resonant frequencies)

Marc Anduze, Thomas Pierre Emile  – LLR
CALICE Collaboration Meeting @Tokyo September 25-27th 2017 

The modes 4 and 5 engage a fraction of the mass too small to be considered

H. Videau
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ILD ECAL Response Spectrum - Beam Direction

22/02/2018 Henri Videau LLR.  February 2018  CFS meeting KEK 6

Preliminary Analysis Results:   Response spectrum - detector axis (Z) only

With the acceleration response spectrum applied along Z axis, the fundamental mode of the structure 
dominates: back and forth motion of the yoke ring, followed by the mode 3 linked to a distortion of 

the cryostat flanges
But all the modes having a component along z 

are taken into account

Maximum displacement: 24,9 mm

Smallest gap between ECAL rings 
along z: 0,98 mm

Nominal 1mm

Smallest gap between ECAL 
module along phi: 2,29mm

Nominal 2.5mm

- No relative motion along Z between ECAL modules. 
The barrel follows the global motion of the YOKE+HCAL

- Fastening the 3 rings together is probably the way to increase the 
overall stiffness and reduce the peak displacement linked to mode 1

- thickening the cryostat flanges would help reduce the influence of mode 3.

Marc Anduze, Thomas Pierre Emile  – LLR
CALICE Collaboration Meeting @Tokyo September 25-27th 2017 

TPC oscillations!
If ISS tied to TPC
poor  beamtube!!

Central ring only

H. Videau
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ILD ECAL Response Spectrum - Lateral Direction

22/02/2018 Henri Videau LLR.  February 2018  CFS meeting KEK 79 

Preliminary Analysis Results:   Response spectrum – Lateral only

With the acceleration response spectrum applied along lateral axis, the mode 2 of the structure 

dominates: the displacement is lower 

Maximum displacement: 

17,3 mm

Smallest gap between ECAL 

rings along z: 0,98 mm

Smallest gap between ECAL 

module along phi: 1,89mm

- No significant Z relative motion between ECAL modules 

because complete barrel moves from left to right

Marc Anduze, Thomas Pierre Emile  – LLR
CALICE Collaboration Meeting @Tokyo September 25-27th 2017 

Strong effort on the fixing rail

H. Videau
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ILD ECAL Response Spectrum - Vertical Direction

22/02/2018 Henri Videau LLR.  February 2018  CFS meeting KEK 8

Preliminary Analysis Results:   Response spectrum - Up and down only 

With the acceleration response spectrum applied along third axis, the displacement is significantly 

lower (less than 3 mm). 

Maximum displacement: 

2,9 mm

Smallest gap between ECAL 

rings along z: 0,98 mm

Smallest gap between ECAL 

module along phi: 2,05 mm

The yoke ring offers a good resistance to side loading 

No Z relative motion between ECAL modules too

(same complete barrel behaviour)

Marc Anduze, Thomas Pierre Emile  – LLR
CALICE Collaboration Meeting @Tokyo September 25-27th 2017 

H. Videau
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Simulation Example: ILD AHCAL

•Analogue HCAL barrel is 
supported by coil cryostat 
inside central yoke ring


• First tries with standard 
FEM methods


•Standard problem: 
simplification of models to 
reduce degrees of freedom 
(CPU and memory)

• exploit symmetries

• simplify geometries

• reduce 3d to 2d where possible

Update on AHCAL seismic studies
Enable the calculation of complex structures

Karsten Gadow, Martin Lemke,.
Felix Sefkow

MDI workshop at KEK
Tsukuba, 23.2.2018

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 5

> The general behaviour of one moving
mass/real body is described by the differential 
equation of motion

! " $̈ + & " $̇ + ( " $ = *(,)
> To solve differential equations for a complex

multi-mass-structure like the AHCAL-Detector, 
the continiuos structure has to be divided in to
smaller, discrete cells – the Finite Elements

> The complete structure is now described by
mass, stiffness (and if needed damping) 
matrices and deformation and load vectors

> This linear system of equations can be solved
by algorithms and computer systems

Short Excursus – The Finite Element Method (FEM) F. Sefkow
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Dynamic AHCAL Simulations

•Modal Superposition Method

•AHCAL model built up with shell elements and ~800k 
nodes


•Problem: many eigenfrequencies due to geometric setup

•Run into solver problems (CPU, storage, …)

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 9

First Attempt to do the dynamic AHCAL-Analyses

> Use linear-dynamic analyses with the Modal-
Superpostion-Method (MSUP-Method) to
solve dynamic analyses more efficient

> Necessary Number of calculated
Eigenfrequencies for MSUP:
The frequency-range of modal 
Eigenfrequencies should be minimum 1,5x of
the required maximum dynamic frequency-
range to get correct results

> AHCAL FE-Model built-up with
Shell-Elements and 884.750 Nodes 

> Static and first Modal-Analyses finished
successfully

> Due to the geometric set-up of the
AHCAL-Structure, every single plate of the
AHCAL-Segments has a minimal different 
Eigenfrequecy

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 10

First Attempt to do the dynamic AHCAL-Analyses

> Caused by the large size of result data, the dynamic analses based on the
MSUP-Method can not proceed (Solver errors)

> Another method have to be used …

F. Sefkow
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Alternative Approach - Component Mode Synthesis

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 12

The Substructuring Method
(Component Mode Synthesis) – In Detail

Source CADFEM GmbH, Germany

> Complex models can be calculated, n-Elements describing the complex FE-
model can be simplified with the CMS-method to one! single element

> The mechanical properties of the reduced structure is described in mass, 
stiffness and damping matrices

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 13

> Adapt the Substructuring Method to the AHCAL-FE-Model

Geometry
Preparation

Static
Analysis

Modal 
Analysis

Response 
Spectrum
Analysis

View 
Results

Substructuring – From Theory to an Analysis-Concept

Built up CMS-Model
with Generation 
and Use Pass

MSUP

Expand
Super-Element-

Results onto
original

Structures

Expand
Super-Element-

Results onto
original

Structures

Expand
Super-Element-

Results onto
original

Structures

Pre-
stress

> Generation Pass must be done only once

> reduced Super-Elements and their matrices 
can be re-used

> With MDOFs defined in regions of interest, 
for simple/fast Post processing

F. Sefkow
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The Power of CMS

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 21

Comparison 3D vs. CMS: Harmonic Analysis (MSUP)

> Fine meshed 3D-FE-Model requires a lot of computeral hardware ressources
=> no realistic chance to solve such 
a complex 3D-Model of the AHCAL

> Comparision of some solution data (CPU, GB, RAM, …)

Pos. General Meshing Type 
(3D/CMS) Mesh-Nodes Total-CPU-

Time [in sec]
Used RAM    

[in MB]
Result-File size

[in MB]
Max. 

Deformation  
[in m]

1 very coarse mesh 3D 13.328 566 250 3.670,00 4,847E-03

2 coarse mesh 3D 31.821 1.232 590 11.261,11 4,838E-03

3 standard mesh 3D 186.370 3.640 4.874 60.526,67 4,882E-03

4 fine mesh 3D 315.817 10.200 11.016 93.694,34

5 very coarse mesh CMS 11.730 1.703 162 125,69 4,739E-03

6 coarse mesh CMS 31.766 22.620 232 181,50 4,807E-03

7 standard mesh CMS 238.900 15.840 1.233 421,63 4,860E-03

8 fine mesh CMS 369.796 24.540 1.758 595,00 4,647E-03

F. Sefkow
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Application of CMS Method

• Test on simplified 
AHCAL model


•Agreement is ok

•Work in progress!

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 22

Harmonic Response – Bode-Plots 

> Deformation in x-Direction

0,0

0,1

0,1

0,2

0,2

0,3

0 100 200 300 400 500 600

Amplitude 3D [mm]
Amplitude CMS [mm]

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 16

> Left 3D (Mode1, Mode2), 
Right CMS (Mode1, Mode2)

3D-FEA compared to CMS-FEA – Modal FE-Analyses

Pos. general Meshing
Type 
(3D/CMS)

Mesh-
Nodes

Total-CPU-
time [in sec]

Used 
RAM    
[in MB]

Result-File 
size [in MB]

Eigenmode 1 
at f [in Hz]

Eigenmode 
2 at f [in Hz]

Eigenmode 3 
at f [in Hz]

Eigenmode 4 
at f [in Hz]

1 very coarse mesh 3D 13.328 64 427 284,25 45,08 105,12 136,72 307,56

2 coarse mesh 3D 31.821 116 1.064 826,06 45,11 105,20 139,41 309,64
3 standard mesh 3D 186.370 74 8.144 3.939,51 44,91 104,87 138,56 308,07
4 fine mesh 3D 315.817 890 17.231 5.778,50 44,87 104,73 138,01 307,38
5 very coarse mesh CMS 11.730 120 162 7,38 45,57 106,86 144,21 317,34
6 coarse mesh CMS 31.766 166 270 10,38 45,25 105,89 141,38 312,64

7 standard mesh CMS 238.900 1.885 1.308 23,63 45,01 105,13 139,10 309,03
8 fine mesh CMS 369.796 1.215 1.772 33,00 46,06 106,15 139,47 308,53

F. Sefkow
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AHCAL Simulations Outlook

•Confirm CMS modelling is valid

•Use real earthquake data from Kitakami for dynamic 
simulations

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 4

> The commercial structural frame analysis program RSTAB 
(link: https://www.dlubal.com) is suitable to import and convert
the Japanese earthqake-data up to 100 Hz

> Possible output:
§ Standardized curvatures to evidence the

staiblity of buildings/large structures according
to EUROCODE 8/ISO 3010

§ Convert the real earthquake data (time-domain) to
a spectrum-data-set (frequency-domain) as an 
input for a Response Spectrum Analysis in ANSYS

Preparation of Earthquake-Data for dynamic analyses

K. Gadow, F. Sefkow, M. Lemke |  Substructuring and Superelements in ANSYS |  17.02.2018  |  Page 3

Earthquake-Data from NIED (Japan)

> Earthquake-Data of Ichinoseki from
NIED-Institute (National Research 
Institute for Earth Science and 
Disaster Resilience)

> Full Access to data after registration

> Complete data set (NIED K-NET IWT010 
2011/03/11) downloaded

F. Sefkow
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Seismic Isolation Strategies

•Studied for CLIC detector in 2012 (F. D. Ramos):

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

Seismic'isolaBon'strategies'
•  Rigid'detector'support;'
•  IsolaBon'under'plaOorm;'

•  Using'airpads;'
•  Using'fricBon'pendulum'isolators;'

•  IsolaBon'above'plaOorm;'

'

8(

Pros'
•  Most'straighOorward'to'implement;'
•  No'impacts'with'trenches'or'cavern'walls;'

Cons'
•  Design'detector'to'withstand'loads;'

Feasibility' !'

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

Rigid'detector'support'
•  Detector'must'withstand'moderate'seismic'events;'

•  TieJrods'and'magneBc'forces'maintain'detector'
closed'when'in'dataJtaking'posiBon;'

12(

•  Integrity'of'all'detector'
components'must'be'
maintained'in'garage'(opened)'
and'dataJtaking'(closed)'
posiBon;'

F.D. Ramos
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Rigid Detector Support

•Simulations with spectra taken at J-
PARC result it too large deformations 
and stresses


•Rigid support strategy would work 
elsewhere, but not in Japan

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

CLIC_SiD'yoke'–'JJPARC'spectrum'

16(

6.3'm/s2'

Horizontal 

JJPARC'J'ND280'magnet'system'spectrum'
Courtesy:'T.'Tauchi'(KEK)'

Maximum'deformaBon:'46.4(mm( Maximum'deformaBon:'22.4(mm(

Maximum'v.'Mises'stress:'601(MPa(Maximum'v.'Mises'stress:'626(MPa(

Rigid'strategy'not(
feasible'in'high'

seismicity'locaBons(

F.D. Ramos
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Above Platform Isolation

• Friction pendulum isolators might be a good idea

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

Pe
nd

ul
um

(
is
ol
at
or
s(

Above'plaOorm'isolaBon'
•  FricBon'pendulum'isolators'beneath'the'detector'

feet;'
•  Reliable'technology;'
•  No'high'compliance'elements'(e.g.'rubber)'

improves'the'posiBoning'of'the'detector;'

17(

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

Above'plaOorm'isolaBon'

18(

Fric5on(pendulum(
isolators(

Grease'pads'
(for'precise'posiBoning)'

Placeholder((
for(airpads(

(detector(opening)(

F.D. Ramos
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Constraints

•Energy has to go somewhere…

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(
Vi
sc
ou

s(d
am

pe
rs
(

IP'area'constraints'
•  Movement'of'detector'restricted'by'cavern'walls;'
•  Viscous'dampers'can'be'used'to'limit'oscillaBon'

amplitudes'along'the'beam'direcBon;'
•  Chicane'rings'will'allow'longitudinal'movement;'

19( Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

Energy'dissipaBon'
•  8'dampers'connect'the'closed'detector'to'the'

plaOorm;'
•  Mechanical'“fuse”'provides'rigidity'under'

normal'operaBng'condiBons;'
•  Removal'upon'opening'of'detector;'

20(

F.D. Ramos



Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018 �22

Profit from Airpads?

•Platform would be operated on airpads

•When airpads are inflated, they provide good 
isolation


•But: is there an earthquake warning system 
that gives a warning early enough to inflate 
the airpads?


•And what if the detector is not on the 
platform?

• during assembly and construction

• in the garage

Earthquake(protec5on(for(Linear(Collider(detectors(–(LCWS12,(Arlington,(USA(|(

Earthquake'during'PushJPull'
•  IsolaBon'provided'by'inflated'airpads;'
•  Guidance'elements'prevent'colisions'of'the'

plaOorm'with'the'trenches;'

21(

F.D. Ramos
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Summary

•Seismic situation in Japan is an issue for the detectors

• Though Kitakami is a quite region, there will be earthquakes from time to time

•Structural design has to follow regulations, e.g. ISO 3010

• no catastrophic failures, never

• ok to have some damage, sometimes


•Detector groups have started programme of dynamic mechanical simulations

• The devil is in the details…

• Common input spectra for Kitakami conditions exist


•Need to think about seismic isolation strategies

• e.g. friction pendulum systems

• but: need to understand consequences on geometries

• space around platform, etc.


