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Accelerometers in Engineering Seismology

* Weak motion measurement ad-hoc
Dynamic Range > 140 db
small number of sensors

e structural health monitoring
e site effect measurements

* Strong motion measurement continuous measurement
Dynamic Range < 100 db
large number of sensors

* shakemap (damage map- fatality map- ...)
* rapid response applications (shut-off systems)

* post-earthquake inspections
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A Question

s it possible to use MEMS technology to record strong motion
of large earthquakes for engineering seismology purposes?

Why MEMS?

It is cheap > It is possibly to deploy hundreds of sensors
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HAT Sensors
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1 Number of Components/axes 3
2 Clip-level 1.79
3 Sensor Dynamic Range 89dB

<15 pg/Hz
4 Self-noise (RMS)
5 Sensitivity Accuracy <1% <10Hz
6 Cross axis coupling <-35dB
7 Linearity <-35dB
8 Temperature-Induced Sensitivity Errors <0.5% over -20 to +40°C
9 Operational Temperature Range -20~60 °C
10 Sensor output Digital- RS485




Verification Tests

Sensor 11151de freezer Sensor outside freezer

Direction of impact

Sensor inside and
outside of oven

Termometer
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Applications
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Installation of HAT sensors in HIRVI Dam
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Amplification of Motion on Crest
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ITEES Hazard MAP: Sar—Pol-Zahab
Date: 2017-11-12 18:18:19 Mw: 7.3 Depth: 19.0 km ID: Event_99

Aftershokelll A ‘
AfterehokeV

Aftershocks

Distance from

Aftershock Date Magnitude Dam (km)
| 2017/11/12 4.4 455
I 2017/11/13 4.7 756
1] 2017/11/13 4.7 106.6
\V; 2017/12/6 4.9 475
v 2017/12/11 5.4 897
VI 2017/12/11 4.9 474
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The unit of the y axis is x10 cm/s/s

2017 316 17:34:59.996 17:35:10 17:35:20 17:35:30 17:35:40 17:35:50 17:36:00 17:36:10 17:36:20 17:36:30 17:36:40 17:36:50 17:37:00
S Original : FILT(filtering) : Demean
2017 316 17:34 24
HN.H241..SHZ
RMS = 3.2
-24.634
Original : FILT{filtering) : Demean
40.063
2017 316 17:34 24
HN.H241..SHN
RMS =3.3
-47.91 o ;
24.823 Original : FILT{filtering) : Demean
2017 316 17:34 24
HN.H241..SHE
RMS = 3.0
-29.705
L 1 L L 1 L " 1 L 1 L " ]
2017 316 17:34:59.996 17:35:10 17:35:20 17:35:30 17:35:40 17:35:50 17:36:00 17:36:10 17:36:20 17:36:30 17:36:40 17:36:50 17:37:00
Trace Scale: Window Scale: Displaying: High Pass Filter (filtering): Low Pass Filter (filtering): PQL Il - Print
DISPLAY TRACE Counts Poles: 2 Cutoff: 0.500000 Poles: 2 Cutoff: 5.000000 2018:107 10:36:10

International Institute of Earthquake Engineering and Seismology

Aftershock 1

M 4.4

Distance from Dam:;

45.5 Km

It is possible to

record PGA




Conclusions

* It is possible to use MEMS technology for engineering
seismology applications like calculation of Shakemap or damage
maps

* Low price of these sensors makes it possible to use a large
number of them in real applications

* Low dynamic range of these sensors is not suitable for most
seismology applications
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Thank You
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