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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)

Preliminary Determination of Epicenters
358,214 Events, 1963 - 1998
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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

Seismic Activity and the ILC

» The Kitakami region is relatively quiet (for Japan)
- even though 3/11 earthquake happened close by

Source: NASA

2018/04/22 20:45:00 ~ 2018/05/22 20:45:00 (N=1317)
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http://www.hinet.bosai.go.jp/hypomap/?ft=1&LANG=en
https://earthobservatory.nasa.gov/IOTD/view.php?id=49672
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http://www.hinet.bosai.go.jp/hypomap/?ft=1&LANG=en
https://earthobservatory.nasa.gov/IOTD/view.php?id=49672

Standards iyt

» |[SO 3010 ,,Bases for design standards -
Seismic actions on structures” ISO 3010:

. . The basic philosophy of seismic design of structures is, in the event of earthquakes
- My translation: Philosophy ; .

— to prevent human casualties,

* Be prepared for seismic events to happen — to ensure continuity of vital services, and

— toreduce damage to property.

° U |t| mate LI m It State: StrUCtu €S ShOU Id nOt In addition to these, societal goals for the environment should be considered.

COI Iapse and peOpIe m USt nOt be Inj U red INn case [tis recognized that to give complete protection against all earthquakes is not economically feasible for
Of severe earthq uakes 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

° SerVICeabl I Ity LI M It State StrUCtu res have to reliability for this limit state should be provided for structures with high consequence of failure.
WlthStand mOderate earthquakeS and mlght get 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

damaged within accepted limits in exceptional [serviceability limit state (SLS)].
cases during thelir lifetime
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Seismic Hazard Map in Japan : Maximum acceleration (gal)
In recurrence intervals (T) of earthquake

Kawasumi map : based on earthquakes

-

~nCe

- Expected accelerations for from 67910 1,948 In Jaf’a” ( unit : Gal, cm/s2) Max. acceleration in cities, Japan

earthquakes in recurrence
intervals in Japan:
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Response Spectrum and Detectors

E-JADE

Response Spectrum of Earthquake

for dynamic ground motion analysis of the structure

Response
Response waveform

"
]' : Response spectrum
) i Maximum response value
A

atural period T1

Al
Input waveform

—>

natural period T2 1

A S SN ILD support legs =
, : T 12 13 “iron”, £=0.02
| natural period
:

natural period T3

T. Tauchi

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018 6



Standard Response Spectrum for Simulations Ry

Seismic Analysis with the class-1 geology (hard soil) Site-dependent parameters in seismic analysis for hard soil

following the guideline of construction loads by Architectural Institute of Japan, also ISO3010 Ao (150 at Kitakami site ): Basic maximum acceleration of ground motion

Vo (Ao/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

Fn (1.25/1.0 hard): Correction factor by damping,1.5/(1+10¢) with ¢ =0.02/0.05 for steel/concrete

fa (2.5 hard): ratio of GaRaAo of Sa(T,¢) in dTc<T<Tc, amplification factor

fv (2.0 hard): ratio of GyRvVo of the velocity spectrum Su(T, ¢ )= Sa(T, ¢)T/2m in Tc<T, amplification factor

d (0.5 hard): dT¢/Te, ratio of lower bound of period (dT¢) relative to the upper one (T.=0.33sec hard)
in the constant Sa(T, ¢)

Acceleration Response Spectrum at Kitakami site
~00 T 469gal

Kitakami is a site
with hard soill.

450 +

400 +

350

Sa(T,¢) in gal

) ] 300
input to fixed :
points of the 250 ¢

structure

Damping (Fn)

200 -

Natural vibration analysis of structures

150
Amplification
( fa i)

100 - Calculation of natural frequencies, own natural periods, natural angular

frequencies, natural vibration modes, impulse constants, effective masses

L ] T then,
0.01 01 dT. T 1 10 Estimation of maximum displacement, maximum response acceleration, and

= A=150 gal 0

T (period) in sec maximum stress to be reviewed if it is less than the allowable stress.

17
()0<T<dT, : S,= <1+ Ja )FhGARAAO

- d T, _ 2nfvGyvRyVy
NAT.<T<T. : S FrGaRsA T Gy T
(2)dIe =T <Tc ¢ Sa=fakFhGaRado dT,. = 0.17sec for d = 0.5
21 fv Fr, Gy Ry Vy S (T
(3) T.<T : S,= F f = l Displacement:z = a’( ’C)
(constant velocity spectrum) requen(:y.f 1 P (f7 O (27Tf )2

T. Tauchi
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LD ECAL: Eigenmode Analysis

E-JADE
Marc Anduze, Thomas Pierre Emile — LLR y . H. Videau
CALICE Collaboration Meeting @ Tokyo September 25-27th 2017 O
>
Preliminary Analysis Results: Eigen Modes (states of excitation/vibration under specified fixed
frequencies called resonant frequencies)
Mode 1 @ 2,3Hz Mode 2 @ 3,05Hz Mode 3 @ 3,8Hz Mode 6 @ 7Hz

/
/

7 N
A S
PP,

o

PP

oy

7

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

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

22/02/2018 Henri Videau LLR. February 2018 CFS meeting KEK 5
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LD ECAL Response Spectrum - Beam Direction

E-JADE
Marc Anduze, Thomas Pierre Emile — LLR 5. H. Videau
CALICE Collaboration Meeting @ Tokyo September 25-27th 2017 O
>

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

§ REpomss et e faaeen the cryostat flanges

Déplacement total
Type: Déplacement total But all the modes having a component along z
are taken into account

Unité: mm
Temps: 0
01/09/2017 15:48

24,882 Max
22,118
19,353
16,588
13,824
11,059
83,2941
5,5294
2,7647
0 Min

Maximum displacement: 24,9 mm

Smallest gap between ECAL rings

i
along z: 0,98 mm TPC oscillations!

Nominal Imm |f |SS t|€d tO TPC

poor beamtube!!
Smallest gap between ECAL

module along phi: 2,29mm
Nominal 2.5mm

Central ring only - 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.

22/02/2018 Henri Videau LLR. February 2018 CFS meeting KEK 6
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LD ECAL Response Spectrum - Lateral Direction o

E-JADE
l./I/(L Marc Anduze, Thomas Pierre Emile — LLR

%ﬁ i H. Videau
CALICE Collaboration Meeting @ Tokyo September 25-27th 2017 I L}ﬁa’
>

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

— —
— —
B ——
N —

Smallest gap between ECAL
module along phi: 1,89mm

/
|
\

Strong effort on the fixing rail
‘ - No significant Z relative motion between ECAL modules

because complete barrel moves from left to right
22/02/2018

Henri Videau LLR. February 2018 CFS meeting KEK 9
Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018
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LD ECAL Response Spectrum - Vertical Direction et

Marc Anduze, Thomas Pierre Emile — LLR 5. 0 Videau
CALICE Collaboration Meeting @ Tokyo September 25-27th 2017 O
>

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

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018
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Simulation Example: ILD AHCAL

E-JADE

» 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

0,000

4,000

2,000

8,000 {m)

6,000

F. Sefkow

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018
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F. Sefkow
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Total Deformation_14,68Hz
Type: Total Deformation
Frequency: 14,676 Hz

Type: Total Deformation
Unit: mm

Frequency: 6,0905 Hz
Max
7
8

Total Deformation_6,1Hz
Unit: mm

D: Modal

.

)

|

|
|
I R

o, II‘I
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nodes
55Hz
50 Hz
40 Hz
30 Hz
20 Hz
10 Hz

Dynamic AHCAL Simulations

« AHCAL model built up with shell elements and ~800k

* Problem: many eigenfrequencies due to geometric setup
* Run into solver problems (CPU, storage, ..

» Modal Superposition Method



E-JADE

Alternative Approach - Component Mode Synthesis

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

F. Sefkow

> The mechanical properties of the reduced structure is described in mass,
Stiffness and damp|ng matrices > Adapt the Substructuring Method to the AHCAL-FE-Model

> Generation Pass must be done only once

Substructure--1 Substructure--1 Built up CMS-Model o 4yced Super-Elements and their matrices

with Generation
can be re-used

- =—====== I and Use Pass
| > With MDOFs defined in regions of interest,
L _ I for simple/fast Post processing

Pre-

+ stress Modal MSUP ggg@?rﬂsrﬁ View
- ,...... ‘ ! y Analysis Analysis Results
|
' 1}
|
|

—

Expand Expand Expand
| Super-Element-  Super-Element- Super-Element-
Results onto Results onto Results onto
—t .. original original original
SUbStrU Ctu re__z s u bStru Ctu re__z o Structures Structures Structures T~
O Master DOFs ® Master DOFs solved All results obtained
Full FE-Model Generation pass Use pass Expansion pass

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018 14



The Power of CMS

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
1 very coarse mesh
2 coarse mesh
3 standard mesh
4 fine mesh
5 very coarse mesh
6 coarse mesh
7 standard mesh
8 fine mesh

Type
(3D/CMS)

3D
3D
3D
3D
CMS
CMS
CMS

CMS

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018

Mesh-Nodes

13.328

31.821

186.370

315.817

11.730

31.766

238.900

369.796

Total-CPU-
Time [in sec]

566
1.232
3.640

10.200
1.703
22.620

15.840

24.540

Used RAM
[in MB]

250
590
4.874
11.016
162
232

1.233

1.758

Result-File size
[in MB]

3.670,00
11.261,11
60.526,67
93.694,34

125,69
181,50
421,63

595,00

Max.
Deformation
[in m]

4 847E-03
4 838E-03

4,882E-03

4,739E-03
4,807E-03
4,860E-03

4,647E-03

E-JADE

F. Sefkow
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Application of CMS Method

» Test on simplified
AHCAL model

* Agreement Is ok

F: Standard_mesh - Modal
Total Deformation

Type: Total Deformation
Frequenc y: 44,90839838 Hz

u 0,061738 Max
* Work in progress! b
1 0,052918
0,048508
0,044099
0,039689
0,035279
£ 0,030869
d 0,026459
= 0,022049
0,017639

001323

I 0,0088197
0,0044099
0 Min

Deformation in x-Direction

0,3

0.000 0,300

0,150 0450

0,2

= Amplitude 3D [mm]

ampitute ovs mm) POS.  general Meshing
very coarse mesh
coarse mesh
standard mesh
fine mesh

very coarse mesh
coarse mesh
standard mesh

fine mesh

0 100 200 300 400 500 600

’ooslmcn.hwm—\

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018

0.600 (m)

F: Standard_mesh - Modal
Total Deformation 2

Type: Total Deformation
Frequenc y: 1048695656 Hz

0,071924 Max
I 0,066787
0,061649

0,056512

0,051374
0,046237
0,041099
0035962
&= 0,030825
== 0025687
0,02055

0015412

I 0010275
00051374
0 Min

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

Type Mesh-

(3D/CMS) Nodes

3D 13.328
3D 31.821
3D 186.370
3D 315.817
CMS 11.730
CMS 31.766
CMS 238.900
CMS 369.796

0,600 (m)

Total-CPU-

V: Standard_mesh_CMS - Modal

Total Deformat ion 62

Type: Total Deformation
Frequency: 45,01305882 Hz
Unit: m

0,061728 Max
I 0,057319

0,052909

0,0485

0,044091

0,039682
= 0035273 /
I 0,030864 '

0026455 '
~ 0022046 \
~ 0017636 \

\

0,013227
0,0088182
0,0044091
0 Min

[
|

‘!
|

\ \
\
™

—_—

&~

0,000

0150

0,300

0450

0,600 (m)

45,08
45,11
44,91
44,87
45,57
45,25

45,01
46,06

Used
RAM
time [in sec] [in MB] size [in MB] at f [in HZ]

64 427 284,25
116 1.064 826,06
74 8.144 3.939,51
890 17.231 5.778,50
120 162 7,38
166 270 10,38
1.885 1.308 23,63
1.215 1.772 33,00

E-JADE

F. Sefkow

V: Standard_mesh_CMS - Modal

Total Deformation 63
Type: Total Deformation

0,047948

. 0,039957 {
0,031966 /
== 0,023974
0,015983
I 0,0079914
0 Min

Frequency: 105,1321996 Hz

Unit: m

. 0,071922 Max N
0,063931
0,05594

Result-File Eigenmode 1 Eigenmode Eigenmode 3 Eigenmode 4

2atf[inHz] atf[inHz] atf[in HZ]

105,12 136,72 307,56
105,20 139,41 309,64
104,87 138,56 308,07
104,73 138,01 307,38
106,86 144,21 317,34
105,89 141,38 312,64
105,13 139,10 309,03
106,15 139,47 308,53
16



AHCAL Simulations Outlook

» Confirm CMS modelling is valid

» Use real earthquake data from Kitakami for dynamic

simulations

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 IWTO010C

2011/03/11) downloaded

@ [F:\Gemeinsame_Projekte\ILD\Daten_allgemein\Erdbebendaten_Japan_2011_03_11_Ichinoseki_K.NET\IWT0101103111446.NS] - UltraEdit
@ File Edit Search Insert Project View Format Column Macro Scripting Advanced Window Help

1

-39094
-39039
-39038
-39129
-39163
-39317
-39189

v o X
[ Project | Open | Explorer |Lists | IWT0101103111446.NS  x
Filter: == ‘;]ALALJLJL]‘LEIJLJAIAJAZAUJAJATAIAE:A[[IAIAIAIA4ADIAIA1AIAEADIAIAIAIAE'ADIAIAIAIA?ADI
B Framewrk A 1  Origin Time 2011/03/11 14:46:00
-5 geompara z Lat. 38.103
2 8
7-{C=) geomunig 3 Long. 142.860
) hip 4 Depth. (km) 24
0-{7) icemcfd 5 Mag. 9.0
() icemtuto & Station Code IWT010
() icemwb 7 Station Lat. 38.9334
() icepak = Station Long. 141.1173
() instcore 5 Station Height(m) 37
() javajre 10 Record Time 2011/03/11 14:46:52
() license 11 Sampling Freq(Hz) 100Hz
1) licserv 1z Duration Time(s) 300
£0) Isdyna 13 Dir. N-5
‘"‘?”‘t:t 14 Scale Factor 3920 (gal) /6182761
:f‘ —‘le svr 15 Max. Bcc. (gal)  997.780
4] cense
. 16 Last Correction  2011/03/11 14:46:37
-4 linx64
- " 17 Memo.
#-{) old_linx64
o e ~ || 18 -39088 -39090 -39093 -39094 -39173 -39140 -39087
< I b 19 -39064 -39086 -39145 -39161 -39151 -39129 -39073
. Date modified T 20 -39118  -39212 -39147 -39005 -39056 -39206 -39153
ame ate modine e -39081 -39124 -39119 -39142 -39079 -39047 -39122
O -39103 -39087 -39091 -39183 -39190 -39043 -39035
) ekmsvr 27.06.2014 10:... Dateiordner -39164 -39169 -39164 -39021 -38986 -39067 -39196
Cllicense 27.06.2014 10:... Dateiordner -39088  -38818 -39073 -39342 -39149 -38980 -39097
Clinx64 21.07.2014 15:... Dateiordner

'. Deutschlands gré...

(& Strong-motion s... | = Past Large Earthq...

|-_. A Ngkcesceess . (000ANZE

& Select an eart...

A
Introduction User info Manual
| Data Download by Selecting an Earthquake |
You can download strong-motion data by selecting an earthquake from monthly earthquake list.
>>Data Download after Search for Earthquakes
Refresh List
Data Type|K-NET & KiK-net \/|[Mar v|[2011 V|
Origin time ¥ Latitude Longitude Depth Magnitude MNumber of sites
2011/03/11-14:46:00.00 38.10N 142.86E 024km M9.0 1226sites J————
2011/03/11-03: 8.80N 140.8 m M3. 4 te A o “" ‘
1 143.60 m MS5.4 .
7 143. m M5.2
TN 143. M5.9
N 143. MS.2
:00. N 143.0 Mé.8
:00. 7 143. m M6.3
0 N 142.88 m M6.4
N 143. m M5.3 PP
ON 143. m M5.2 v e e o
N 142. M5.3 094sites - ™
(®) K-NET ASCII Format(Details) (O K-NET Binary Format(Details) [Peak Acceleration v|[Record Section v
Download All Data ” Max Acceleration List |M
Network  Site code ecording start time  Latitude Longitude Pesk acceleration  Intensity Epicentral distance  Site name
-KiK- 1/03/11-14 1.4 052%km 2 s e
1/03/11-14 2.1 0546km A
7 2011/03/11-14: 1.9 0579%m - —_
2011/03/11-14:4 1.0 0582km OGUTI .
2011/03/11-14:4 4.9 0274km TANEICHEI
2011/03/11-14:4 4.6 024%m
2011/03/11-14:4 4.9 0228km
2011/03/11-14:46: 3 4.8 0189%km M =
2011/03/11-14:46: 3 5.7 0156km KAMAISHI
2011/03/11-14:46: 3 4.9 0148km OEFUNATOC
2011/03/11-14: 3 5.4 DAITOE L T
2011/03/11-14 3 5.9 i I
5.2 Accelera‘wn\\a\'efcrm
2011/03/11-14: 5.9
2011/03/11-14:4 5.4
4 2011/03/11-14:4 5.1 ISHIDORIYA
2011/03/11-14:4 4.3 JIRI
2011/03/11-14: 4.7 A
7 2011/03/11-14: S KADOMA
2011/03/11-14:4 4.8 MORIOKA =L .
2011/03/11-14:4 5.4 IWATZUMI [ -
2011/03/11-14:4 5.4 YABUKAWA =
2011/03/11-14:4 5.2 NISHINE v
K-NET IWT022 2011/03/11-14: 40.10N 141.0SE 0123.8gal 4.5 ASHIRO "
Download All Channels Data Velocity Rdsponse Spectrum
v

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018

E-JADE

F. Sefkow

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

RF-DYNAM Pro Eingabedaten [ x |}
Datei Einstellungen Hilfe
POSSi ble Out ut. Algemein E h i i Antwortspektren | Dynamische Lastfalle
p - ‘Vorhandene Antwortspektren AS Nr. Antwortspektrum-Bezeichnung
[ as | Forzontal]
v i -
. . Allgemein
= Standardized curvatures to evidence the
(®) Nach Norm: Nationaler Anhang: B Spektrum-Art ~
'bl' f b 'Id' /l d' EENEN 1998-1:2010 v| [=ow v gxmm”:‘_‘“ ;'e"_‘e“"';gss
staiblity of buildings/large structures according | -
(O Benutzerdefiniert Zoe 2
to EUROCODE 8/ISO 3010 Bl e e
= m:ﬁ:ﬁ:;::&:bmme E“g ;m m/s2
(B Parameter zur Beschreibung des Antwortspektrums
" . Baugrundklasse CR
= Convert the real earthquake data (time-domain) to e 2
Die obere Grenze des Berei | Tc-H 0.3000 |s
- Der Wert, der den Beginnd | Tp-H 20000 |s v
a spectrum-data-set (frequency-domain) as an - —_—
input for a Response Spectrum Analysis in ANSYS
1.200-
353 4578456 4,578456 2472528 ;::
856 3,626368 3,626368 3,126545 190 0.600
692 344428 344428 3,247184 0:400;
488 3,373008 3,373008 2,911856 020
042 3,252221 3,252221 2573483 -0.500 ‘I_ 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4500 [T:5.00 s; Sa: 0.04 mis?
521 309T2 30192 2610983 120 Rormmanir
536 3.080336 3,060336 2,97013 : e M-
1251 2513958 2513958 2,884807 j=]ji=] a/|[sx|[88] |X
i291 2565822 2565822 2922815
738 3,075002 3,075002 3,250432 100 1 D | ow Details Kontrolle OK &Berechnen oK Abbrechen
586 3,83181 3.831181 2,987528

853 3124607 3124607 2553533
545 3,542685 3542685 3.043513

=

675 3290022 3290022 2629615 E 891 —ax Im/=]
258 3132866 3132866 2,83314: ° 3y [m/<f]
293 331012 33102 3,287577 2 [m/eT]

795 3559725 3559725 3408873
678 3320056 3320056 3,303627 €0 1
256 4,037458 4037458 3,954528 ‘
223 4593429 4598429 4164492
717 4,306266 4,906266 d,228512 |
729 4,347008 4,347008 3272681 @ |‘
273 397476 397476 4,302773 | '

387 3815443 3815443 554583
054 4,833858 4,893858 5,530085

523 633588 698588 5202837 (i & U VU
1132 5875554 5875554 4,767307 : \ JV

568 S5.067078 S5,067078 4,924665

624 5515668 5515668 4,850324 0 . . . . . )
312 6481023 6481023 4,452454 o 20 a0 &0 80 100 120
633 6191786 6,131786 5,6081 f[Hz]
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Seismic Isolation Strategies

E-JADE

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

Seismic isolation strategies

cavern floor level —_

Rigid detector support;

Isolation under platform;

platform trench —

platform ——<_~

Using airpads;

airpad— 5
Using friction pendulum isolators;

Isolation above platform; tunnel wall

chicane rings
* Most straightforward to implement;

Pros * No impacts with trenches or cavern walls;

e Design detector to withstand loads;

Cons

Feasibility v

cgfw
\\_/

F.D. Ramos

Rigid detector support

Detector must withstand moderate seismic events;

Tie-rods and magnetic forces maintain detector
closed when in data-taking position;

::::
ST e

Integrity of all detector
components must be
maintained in garage (opened)
and data-taking (closed)
position;

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018
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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

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018

E-JADE

F.D. Ramos

CLIC SiD yoke — J-PARC spectrum

6.3 m/s2

6000 -

AL, SOLUTION
USUM (AVG)
RSYS=0

DMX =46.4726
SMX =46.4726

= AL
USUM (ave)
R3YS=0

AUG = AUG 6 2012
09:54:50 DMX =22.4156 09:50:02
oo SMX =22.4156 PLOT NO. 1

5000

£, 4000}
u .

3000

Acc{lmm/

2000 -

-
| :
- ‘ -
o .
C ‘
o
1000 =
0 10.3273 20.6545 30.9818 41.309 0 4.98125 9.96251 14.9438 19.925
C 5.16363 15.4909 25.8181 36.1454 46.4726 , 2.49063 0 7.47188 0 12.4531° T 17.4344 22.4156
PR SN | R O Y e e W (P o 1 CLIC SiD middle yoke barrel under japanese seismic event — X7 direction CLIC_siD yoke endcap under japanese seismic event — X7 direction

0.1 1 10 100

Frequency(Hz) Maximum deformation: 46.4 mm  Maximum deformation: 22.4 mm
J-PARC - ND280 magnet system spectrum | i soumon < o, s <
Courtesy: T. Tauchi (KEK) B ot | | Bk
Rigid strategy not
feasible in high
seismicity locations
e . e
) '03%787 66.8532 133.672 200.49 261.309 334.127 #00.946 467.764 5.34'582 601.401 ) -035163 69.6075 139'1? 208.752 278'.325 347.897 417'_469 487.042 996614 626.186
CLIC SiD middle yoke barrel under japanese seismic event — XZ direction IC SiD yoke endcap under japanese seismic event — XZ ction

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

N,
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Above Platform Isolation - IN0E

* Friction pendulum isolators might be a good idea

F.D. Ramos

Above platform isolation Above platform isolation

Friction pendulum isolators beneath the detector 1
foet: - hfor ai

eet ) " (d eteqtorf )
Reliable technology; i Pl o

No high compliance elements (e.g. rubber)
improves the positioning of the detector;

‘ Ngq ﬁ E i
E wn TSN |
: B ’8‘ :‘\w-»a—_-...-,—.—"'-{';_, - 'E‘ ., ) : ey |
— a) Service condition : Edm ‘,
= .lf-U' | Vea = 8 | ]
m m b) Seismici condition
a. "~

EE/RW | ﬂb Earthquake protection for Linear Collider detectors — LCWS12, Arlington, USA | 17
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Constraints E-IADE
* Energy has to go somewhere...
F.D. Ramos
IP area constraints Energy dissipation
Movement of detector restricted by cavern walls; 8 dampers connect the closed detector to the
Viscous dampers can be used to limit oscillation platrorm;
amplitudes along the beam direction; Mechanical “fuse” provides rigidity under
Chicane rings will allow longitudinal movement; normal operating conditions;
o o Removal upon opening of detector;
o
£
4"
&
2
=
o
2
>
CERN ‘ ﬂb Earthquake protection for Linear Collider detectors — LCWS12, Arlington, USA | 19

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018 21



Profit from Airpads? c-JADE

F.D. Ramos

Earthquake during Push-Pull

» Platform would be operated on airpads

* When airpads are inflated, they provide good

'solation Isolation provided by inflated airpads;

* But: Is there an earthquake warning system Guidance elements prevent colisions of the
that gives a warning early enough to inflate

the airpads? platform with the trenches;
e airpads”.

 And what if the detector is not on the
platform?

» during assembly and construction

* In the garage

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018 22



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 detalils...
- 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.

Karsten Buesser - Detectors and Earthquakes - ALCW2018 - 29.05.2018

E-JADE

23



