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The principle of Distributed Acoustic Sensing (DAS)
Interrog\ator unit _l_l_
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- Measuring the strain/strain rate rather than
particle velocity/acceleration




iZPE & & (Gauge length)
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JoH vs. R FaEEUKE
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YeiH vs. thE
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Pioneer Stanford experiment
— Turn existing fibers into super-dense 3-D seismic array
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Applications are rapid-growing!
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Fault (slip) zone is multi-scale, complex, and dynamic
— Distributed fiber-optic sensing offers great opportunities to study it at
unprecedented resolution

LAMDA project
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P-wave velocity profile estimation

DAS .
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- Filter to 1.2-5 Hz

- Adaptive stacking
Method to get dt
(Rawlinson and
Kennett, 2004)

- 40 m spacing
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Ma et al. (2024)
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Persistent amplification across the fault zone

2022-0325-010828

(a)

Channel (ID)

0" RTTITI | ”qv"v ”nm 0 -
SOV IRy R
A R T
'ni L
) lw(’ )
100 ‘9‘“ ‘L"I';J W‘ 100
v |V
R Y L O
Wi ! .wmw :
1 kDO
200 514 4 iy 200
eyl MW
LI
AN it
‘ _"“" Pgﬂ ot piveiat o] =
300- Al "w Ml'w A 300 :
WAt £ O W =
VN‘ \| ‘ 2 prr ot A §
\" it —=
‘r Ao o] =
4001 “{ WAt e ] 400 ;
v »Wtﬂ il ed -
‘ “m'l A\ =
" ‘ﬁ' b A =
ot Uiy A =
500 ] .«f‘ teunsmnan] 500 T
W o NP A
I v ‘
L) ‘&" | :::th:
600- e eoo —
A 2 A e A e
0 20 40 60 80 0 10° 10’
Time (s) Frequency (Hz)

Logq

(b)

Channel (ID)

20230127_19.0-20.0

Normalized to 1D:1400

0 Seismogram 0-
EICRTT O TR O DY T UV Y
100 peemmstonstumintoommsesmsniosn] 1001
B 2
R e
| <o rewces AR £ DY o
AT £ IS AT O TR Mo RS =
200 200
2.0
<msze-
3001 : o] 300- L
st — Lt
1.0
oo e
400 - 400 0.5
‘ o
00
) ~J
500 500
-0.5
e PN e e e A
- -1.0
6001 . 600
——r_h——*ﬂ—— =15
‘ -2.0
1 1] T 1 L]
0 1000 2000 3000 0 10° 10!
Time (s) Frequency (Hz)

Huang et al. (2024)



Strain-rate amplitude as a medium velocity probe
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Strain-rate amplitude as a medium velocity probe
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Strain rate RMS ratio (Slowness ratio)
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Hourly strain rate RMS ratio at MiDAS Hole A
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— Complex structure with multiple sliding interfaces

— Inconsistency between bore logs

— Deformation will eventually destroy the log

Hard to predict the failure

— Compared to a good relationship of debris

flow with rainfall
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Hourly RMS ratio: 2022/12/06-2023/02/12, 0.1-1 Hz
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Comparison with resistivity and shear velocity profiles
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Hourly RMS ratio: 2023/10/03-2023/10/24 0.1-1 Hz
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April 3 Hualien earthquake sequence
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Deforming lithological and resistivity boundary
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Template matching for event 1
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Template matching for event 2
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Spectrogram showing corresponding gliding signals
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Greenland (Poli, 2017) Iceland (Schopa et al., 2018) IFE = o
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Rate and state friction law

Velocity spectral amplitude, log,, [ (m s) s]
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Iceland (Schopa et al., 2018)
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Take-home message

£
¥ We proposed a method for high-resolution temporal E .
monitoring of a slowly-moving landslide. The results o 0 1 | g 1.'_' -
show transient velocity changes at the depths of 15-25  ~ - B il Lk i b ’ ;ﬂ T "
m (newly developed sliding interface) and 40-60 m s il | I i | {‘ | |
(shear zone/aquitard) during a typhoon event. 8 ™ ' | | IE bt o ',[ L ik
Ly S i U
&€ \We detected hidden recurring stick S|ipS at 20-30 e (;3'04'(;5I'86'07'08'09'10'11'12'!131'.14'15'16"117'1;'19'I2OI'21'22'23%22
meters around the sliding interface, indicating a T | - =
velocity-weakening frictional behavior in response to 8t - B wrilinl R
rainfall activity during Typhon Koinu and strong i o,,,,T, il ||||‘||HU|||%T|‘||||0

ground shaking from 2024 Hualien earthquake

€ Monitoring such signals and velocity structure with
borehole DAS provides excellent opportunities to
study the frictional behaviors during acceleration &
deceleration cycles and potentially establish a warning
system for impending failure of deep-seated landslides
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