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Validation of seismic bedload saltation model based
on field experiment

Abstract

Reliable bedload flux estimations are necessary for a variety of
applications such as sedimentation engineering, flood risk mitigation and
river restoration. Several seismic physical models with considering
different bedload transport mechanisms have been proposed, which
provided an opportunity to have quantitative observations in practical.
However, a lack of direct measurements of bedload fluxes in field
application cause a challenge for the validation of seismic models. In the
practical applicaiotn, the impact kinematics (elasticity and velocity) and
particle dynamics assumed in models are crucial for achieving high
accuracy in bedload inversion. On-site seismic parameters such as the
shear-wave velocity and the seismic quality factor are also required to
reduce the uncertainty in model prediction. Thus, this study conducts
bedload transport experiments in a flume laboratory to understand the
kinematics and mechanics of particle transport by using the smart rock
embedded with accelerometers, geophone and hydrophone. We will
evaluate the performance of the different models (Tsai et al., 2012; Auel et
al., 2017; Gimbert et al., 2019) by comparing in-situ measurements of
bedload mass and impact forces recorded by the smart rock. For the study
site of the field experiments, we have finished the active and passive
seismic surface wave exploration to investigate the properties of wave
propagation and attenuation. Finally, we will also explore the effect of the

process of rolling and/or sliding particels, as opposed to saltating particles,
Il



contributing in seismic signal generation.

Keywords: bedload flux, seismic physical model, experiments in a

flume laboratory
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vc cogj(‘) ( )
IoglO (VmOdel) Iog1o( o) C, Ioglo(f/fo) (37)

e e Cp li(F flA D i BRARATF )R F B Bdn i
FAIAFER R o Ao 3 (38) 1w
vmodel - V:mdel /(1+ C4) (38)

u

R ANE)~6) FHE - A I RFREK R D S PR

FE3E 5 ri(m) o B =k e 4k enat 3 @& (power spectral, ps) ¥ % 7 & 2 314(39):

|u(f,l’; | _g%ﬁﬁ/fs: gpzkz Eioe)(p( 2p/il(v,C3)) (39)
ECk S 2

ps=lif )3 A(r) = ¢ 2RI (40)
8I’v v, g ,Ok
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1945 2 74 (39)~(40) = 1 * o] enF B R BT RN
42 5 (41);

spri _ AU)  espien
(prri)min (prri)min
DF(40)F RIBF pAREETT RS LR F AR S oo

(41)

(42):

® o} & 0 & o
P e AU D 2pﬁ"+Cg1 (42)
e(sp Boin® (6P 5)mng € v, o

FEERME Y FA T RT LS EA SR R G hlk(RA ST T
F) FEBRF o F fo £4F 258 B9)~42) 7T KT A AL F T
$1C3 Tl o Rk & FIF SEF M F chenB it 7 1L 4 id & 2 31 (43):
C=CGU11)° (43)

In

He C r-*H;F‘—, = 1Hz E&mﬁuﬁtﬂ—"%&q’} 1B - _}_}}%_‘\,\‘(43)“%{

A e 10 5 BB EHE (7 AR T 4o 25 (44) 5T
log,, G, =10g,, C; +C; 109, (f 1 ) (44)

WA T IS R R R k3t B o) By ke Cs Glie(& 8

Fl+ Co"EF MR 4F1) - Tsai et al. (2012)R1 & & &K ¢ 5 20

VH

2 Gl 00 RARREFFF LA EFHS

FRRE” S SNl Wi B A U e N L A EH SRR
voE (HIV ratio)ie (7% s T T4 LK R ER BRI F R AL g Fl A
e % £ (Love-wave) & § 414 (Rayleigh-wave) ¥ 5% fi# & fic

T o
T

A BN % B - 22K gL 5 o Berbellinietal. (2018)4% ! 41
* PO SN B4R U A 45 4 e (polarization analysis) ¥ & 4F T ehpE E v oeh
P 5 b+ B9 2385 2 4% 1Y 42 & (degree of polarization, DOP) % 4 &t 1 % 1§

BB E Ik dmugl o — 4 DOP & £ 2% 0~1 elic® % ¥ > § DOP
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FUI* Ry B kA% R A A TR A

EN L FRLAEFAROTREHALNLE TG P ERRED
R 5 ¥ b i 4707 Kk 2 = & (back azimuth, BAZ) »

BEaRA e T fIARATARA-B AT TR ALE T teh
19 3% e pF R F BLIE & U 2 HERL T 6o s £ A F (elliptical vector,
e)> » & e » X Ephe & a(semi-major vector)E L EHhe £ b(semi-

minor vector) e B ¢ 4 5 % o 3 2_epE (1) % 4 5 () DOP 7 4 77

4o o 35 (45):
x-v-m | A P
_ 3 | m(t,f) e, f)
DOP(t,f)= N(f)m_zr(f)| ] (45)

A mth) i B o B s AT LR T(2 T 5% £

H g & oo 38 (46):
T(f)
m(t, f)=—— E «r.h. T(f)=4/f (46)

N(f) rT(f)‘( .0
250(43)° dfn Bt B Py 2 PoAR & 1 & DOP 247 8 & 4% % 7 4
AR FR R DOP PR - Ap M F IR PRI LT 4k s

TR R 5 o
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1. Field measurements Multichannel record 2. Dispersion analysis
0

Dispersion image

a
=3
3

2 08
E 300
» %‘ 06
'u;: 200 04
g
f 100 WS 0.2
. =
@ 5 10 15 20 25 0 5 10 15 20 25 30
() Offset [m] (c) Frequency [Hz]
Fund: | mode disp!
3. Inversion analysis * curve extracted
Exper and
Shear wave velocity profile dispersion curves
0

—— Exp.

@

— = = Exp. (lowlup)

o
=

&

Amplitude
o 0 1o S
RREBESa

Depth [m]
3
Wavelength [m]
8

»
o

30
% \ 20
2 : 40 - Frequency [Hz] ‘ 30
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 (d) >, Phase velocity [m/s]
f) Shear wave velocity [m/s] (e) Rayleigh wave velocity [m/s]

Bl 3 MASW 2 = ik & F 7 & 17 = %47 (Olafsdottir et al.,
2018)

semi-major d(t,/) direction of
BAZ propagation
E P

T b

semi-minor

iy R
b(ty)

planarity ?( tf)

Z,
instantaneous ground retrograde motion
a) motion ellipse b) in vertical plane

Bl 4 7 P4 EEE R Fut 22w £ (Schimmel et al., 2011)
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DOP Analysis and Vs Inversion

Ambient noise data Ellipticity Measurement

-at least 3 months -DOP, H/V, BAZ
-3 component

Input parameters

- Filtered H/V
Filtering with threshold el v el e ]

- Model spacing (Ranges of
- DOP > ?, BAZ? thickness and Vs)

RESULTS s
-Vs profiles 3
-Inversion performance

Herrmann, 2013

(9@ RBEIEAFRE Sambridge, 1999
¢ 3

Lab/ Comprehensive Landtoring Lab

. +
---------------------------------------------------

B5 #HENEadsdriEinie

3P ARIM A
AP REO RG] BN e SRR TP G RS

BopErmR R ARAREAR AR I ARES LR A
S 2 SRR 9 (2021) o 91 * B+E ;% (Raspberry Pi)& #£4p e 41
A ssh il M B AT E R BT RSB Y S
FHRERERFE MG EL DRI E R R R Z A Y
247 & (mm/pixel) o AR G AJR }F ens 7 de e 3 2L R IRT I
*# wk (non-local means denosing) ~ <= Z= = & i* 3 ¥ & 47 (ostu
thresholding) ~ 1 # 1 ;pl(black top-hat ~ canny % sobel edge detection)
FEWRRERELE: Ehi RO S WU 174 R+ % > 4oB 6
ST o ¥AMERE T {8 0 USFS BRIFE R 0 R T FIRAE 0 R RRK
TR AR THREA I P Rt [BR% T (LT R
BAZ AT > BRI EF TREGYR R TR 2N ¢ BRERE

AT LR S R N A 4 o
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(a) Original Photo (b) a‘am Color Ma“
% ;;;& , s’h

terhplate

. 2 v iR (d) Grain Size Distribution
(c) Grain size fitting 100 T——
% Dso = 69.1589 (mm)
Des = 156[1017 (mm)
80 \
g 70 \
5 60
3
’.E 50
2
g ® 1
& 5 N\
20
10 \
o]
300 100 50 10

Grain Size (mm)

Bl 6 B o ko Hin e

oS ARl

A FEF UAV 45 0 A ipst i de B (A - 64y
#1]2k(ground control point, GCP) - i E T B GCP(4p #ede ] = !
L FNE TR R, A H P el 2~3 Bk IR R E R
Brgd > 700 RTKGE (744 2R = A8 R] - & 770 48 (7 S R

s
WRIP AP P 24T AR L Somipixel » I FE S 56mM o G 2 e £
WA w5 80%2 60% - B X 12 PixdD #cd UAV #ria #5327 A
L BB R AL MO WS R F R R B AR B R iF

SF B SR H AR R R R AT %
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5. L R)BLR -

SRR BB PES T A ERTREY K E A
HFHREHFERER FHRERRE Y ZEE EIVLE P HY o USFS 33
BREONEREE?Y XY EFRFACE I A FENPRRGT AR H T
2 PRtk B 30x20em o R & 2 Bk s o H KB TR TR
ZRiEAEY ood A D L HPFIFIE L3 FEREY R RPN EREEKSE
FhiEEE g it FHEAB T FAER -

Sy f FadEdny Ay EFEE) Wen [ AR BIEE
WL P (A E 2 5 AR RREA, smart rock) o i iE S phi B R
(MPU-6050) 1= % i& {7 3T enif o i chim 3 ¥ > A5 BRI
> fhR R R Fe Micro-SD e i+ 3Bl # ik & L R P T
S P Kk e de ko (B 70 Hungetal,, (2022)) » 3% SR B X A7
At R PIERE RS TR R F AP Y RE R
o FM AR T BN TR S E P RRIPUN L B e AR SRR
g G R R R B R 27 d Arduino Nano ~ MPU-6050 %2 Micro
SD + firke » ¢h 35 B fT 6.5 A IR E - ud DIk 2 RER
P2 A od R PI B AF RS ;c%gd AFE S KR
B3R R TEHS OGRS P BB ERTFE RO IE S E L)
BORBIBLE T e TR R PR B A R ERERP (1)
Arudino Nano % 5 — TR @ 2 s 5 — 1 B iRk ~ 54 AT 18
Fed2 B 5 AVR ATmega328P icdy#1 % » &8~ B8 22 f # i 5% < 0
8 A fcird| B o ¥ iF (7t 16MHz chpFi%id B T o $1 32KB
e e 2KB 7 SRAM » 3 i 8 Jg % ~ @ B i 0 o iR -

7| e i fogg v gig?] » fﬁ%l S engr i s LR B fedr ) 2 AE IR H e
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BRE LG L4 BECEI/E e (B2 6 BT LT FPWM S
B iz 8 AT AR R R T 0 H 2 G
18mm*45mm> ¥ % B_& 7 S g | AR AR 07 Fo £ 2 & Arudino <9
BHERENLIET L3 L 2 BT RELE  ERFLRREY o
(2)MPU-6050 & — % L eri@ds g iR~ % £ 5 = ghicig B3 o= dhle
BROHNFRPFVNPIEFB A= B e b oteg B> 7 UK
B 16 oG A E > PR EFLoBESER > B R
PR Rlge [F132129 ~ +4g ~ 480 4160 .| deid
LSB(°/s) » @ = #hfe iR R ¥ * >R E ek
HEFE L6 2odcF AT Il REER ;E'J%Eﬁ:%izso" ~ 4500
"~ +1000° ~ £2000°/s » & | & B %1 j347 F 5 16.4LSB(/s) - ¥ 5
RN PERIFERZ ] 3474 R REER 2 A
(74 I 2 e B ol fay RS Ak 200HZ > rodh i e B SR A
o B R E L EH R PE RN e raE £ 2 VR
SR Ak i g 4 E 2 AE 5 o (3)Micro SD itk 0 5 A Hepd
ReNF R G oseehifiy o 2 3 PR RBEOEAL A T &
Bt PR B TR EORiRG o T 0 bk (s T nE
ks P - e R A RSB TRERECE L ST RR R R

I
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PVC tube

Ardumo

Slx Axis Motion

‘Trackmg module

M:cro SD

\ «card Reader
Expansion board "%

Time module ’\

B 7 5 Espksd R ¥ (Hung et al. 2022)

Power supply ;

Fo8 BRIEFMREASL

AP F AR R R B RS = dhe KO & B2 (HG-6 A-
Coil)» # p ARETHM F 5 45Hz » B & Beagp A 5 28Volt/m/s » &
A 225254 mms 5 360mms £F 4850 KBV 4% (TR
# 5 -40 ~ 100°C - ¥ 45 fic Data CUBE & &% i€ * » K T H Bk
Fe&F; 400 B2 2z B 5 (Gain) s 160 AN R E AR K Y K
(sensitivity constant) = 5.4495675x10-10 m/s/count » & %8 3% & & (¥ 4L 5

‘\

—%s-

F X 02Watt o 2 dx B ik B S BGK T F sesk o F
FH s 022~100Hz ¥ ¢ R & R RP T RIAEE R R P F

5 i

-

)4 SmartSolos (IGU16, 5G) all-in-one = @+ Geophone » 2 & 48k #
4 5 G 0.04Watt > p 5 128 GB FALE G Z W > H b ¥ po3n
TATNBFETILS X5 FARRBHRAFF VR RE T R B R

4

@2k A eV R R R B DAS > i * % # 5 SilixaiDAS-v2 - Hped L

\

10 = < gauge length » & BP~ 47 5 & 1k Hz > fij DA BaE S 2 2
R0 FE T RS DAS Bl E 95 150 o 7 o
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o % 1 ENFHS iz % 2
E4Ekn ek > 7 % i oK R 3+ (HOBO Water Level Logger U20-
001-0)i& {7 -k e g B 3 2 B3 T Preh e L FePofienig % > Ba @

I IR REOTA PR LR AF ST RER TEE L

es F ke (Tsorngetal., 2006) o A9 ki FFHREFEEKX S &
FPPEFeESE BEEI D PP IR 22 BPRE 2 F ol

o LEEPRFNIPPE o S SRPPLEFET Y ko
FRERG I RGUERHE 2R E AR INE LR A AT
PEEFZAZ R E IR AT RALE Z B
TF R B IRE FEARE TP PR P R ARG B
T MR U BRI SRR EL o SH AR B -
P hoon c RAEHERIFR VHEYZL AENPBLPRRR
fRH - SR R R 8 o 4o 80 EET A 123 kY

NN

Sppenz A R PR TR RSN

X, =pi +Mh7p
= p7 + Aotz (47)
=p3 gz

#o X Z0000Z) S apkes = e mmdE o P Ee T g gn g |

57, G=(x.v.z.)=d+gr+rc . .
Spd aee GEC Y ) SAOTNIE ¢ g 1

g
oy
S

1 k!
F'*
iy
‘7—2‘

|
K2
sl
(w

"

o3

9
|l

N
EIS
!
77«»
=
o

fF»

3

| ¥
Jputs
9

B il bR o R 2 Ko Pula PrGdads s 2 N AT)EEF)Z B
sorptc(bhbb) oo g x5 2 gz T e 00 52 (48)) 1 2 B
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» 2

PRI 2 FEauE g Ak ok R B e R TE A ol o 3 E G

@y —lrfqz 0 T (57 - PO
o o 73 7 (75 — 77
g 0 L ] 7 (pr—ps) (48)
-7 T (i —p7)
0 mm r 1r 7 (75— 73)
0 TE -HE T (5 —P7)

camera4

R

camerab

camera 3

B8 HEF S EPWPER 2L
4R BB ALY ok 2 R RRER g %3 (hydroacoustic) o
AFT 7 ¢ * Raspberry Pi 335 FH£ 2% > -k %3+ (Hydrophone)#
£ ¢ * Aquarian Audio H2a-XLR-0 fie & 20 = & sacable 4> 4] * Zoom
U22 2z~ F(amplifier) » #-sgrt Tt > /pl R E W T4oB 9 o7

‘/'F o
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Stand-alone-hydrophone

Hydrophone
Aquarian Audio H2a-XLR

Zoom UR22 &= " |’ | Hydrophone
A | Cable:30-meter

i Amplifier
|

MO 43 % 6 ki
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P& RFRANREZRAABIFF

A FIFVHRERASES TR OT T 2 & PIFEENE
FLAE IR 2 s RSB E Sl B TR SRS RS AS G
i At PRE ST LA R FRAF LY ik
Ci(EMALAFHE 2) ~ Co~ Ca~ Cq 2 Co(d & HIRM & K 4 it B HE
B I REZ RAFFEET M) B FTAAMER2 4 F 5%
#c(ly L ~wi 38 2 38 (12)~(15) ~ 2 54(20)~(25) 2 2 3% (30)~(32))

\\\Xr

FAS A G (EEL 2N QD~28) ¥ A2 & & & g R ABR o Ra o
FRERIOPUEF L EAAP FRF T ATRPABITRITL £

SRy TR B RN R 5 I S (T8 C~ Co) ~ R R RIS (K
BERIR)E AR AR MED 2 4 B ek 28 (Cy Up oty ~Lp ~wis

LB AR I > MRS NS IR ke F A E o )
W2 P AP FREFF - ERMBBPLREFZIN PR ER AP %R
*enk 1R LR (] 10)0 2K 10 2% 2 F40 24~ F 50
Sh o BHARNEER L oS 2 BP R A o KIRG K F T A
AL MR R ARG IR R 10 &4 20 A E F T MR KRR
F AT H (T3 R 2 4 % 6 A 8) 0 X BT IS K E KR
wuuz*mﬁw*KM#vézoAa,t*Mrrﬁlﬂhn*iw%ﬁ

Sield stress) ¥ ac 12 = Al * e ﬁ%&’#;ﬁ s FLiE- R

BRI AL FIERAIT L 65 4 5 FIP A FKET SR E 3B
AR E AT 0 2 R ARBRIREES (T hiEsk o L BT SBT3
FREZFIEERNE RBEERELE YIRS - BRET
B EE A AERNGFEPN P HMEH YR TR 116% &4

T R R I R R R (B 11,4 B 5 9 2k 1.252 g/cm® ~ 23k
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1.113 g/cm® ~ ‘=zk 0.974 g/cm®; B & % PUN AR SE R R AR P

BER BB R) F P S TP 16 3EA R L RN YT
FEO0 AL AERE 2l 2R 5% FoHY BHEe =8 10
B Bk ok % 0.43~0.69 m/s~ % & sniE 5 0.53~0.85m/s~-kiFE A 11~17

%
k=1

=% 3 kK oiikE & 038~052 m/s ~ & w i

Y

N

0.46~0.70m/s ~ "KiF 5 14~19 = 4 » 4p B 3Rskinid & KR T EEH3
# 2 - Geophone ~ Hydrophone = i & B % &~ %] 28 X > B %5 3 3 4
PR B R e Sent B AHBLRERER (T P RERE R L
7~8 2% s BN ke k WA 0 10 -

3D Broadband
Seismometer

3D Broadband
Seismometer

N 4 omscuEres
Ll =291 20 mm

AT

W

mJ

= P I}
’ 5 i
Hydrophone ' . Uniform riverbed™

B 10 2 M FiAmRE 2 R B
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160

6.5

g 1.252 1.113 0.974

Bl1l =47 %R 2 A5 ik F)REF
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%1 BHE&AL fpel 4

B o3 1 EHFHS

+
=

Uk

= 2 3% Tk G Ik
1 1 1
2 1 1
3 1 1
4 ; i
6 1 ;
7 2 ]
8 2 )
9 2 .
10 ; ]
11 - ]
12 : ]
13 ; -
14 : )
15 i [
16 3 )
17 6 ]
22 1 ]
23 ; ]
24 1 ]
25 1 ]

FH KR A E
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278 B

FE R

D SENE 1:%5 2 M ik -0 |

+
T~

%1

=% 3

B AR i B ORRE R
)4
=R

=% 4

R i (s)

0.43

0.38

o)1 575 i (/s)

% @ ik (m/s)

-k #(cm)

17

19

B J o3 (m/s)

0.43

0.38

ip] 28 n i (m/s)

F % Jit i (mfs)

-k i#(cm)

17

19

B J o3 (M/s)

0.68

0.47

pl 38 7 3 (ms)

% @ ik (m/s)

K% (cm)

11

14

4~6

B T o3& (mfs)

0.69

0.42

7] 7k i# (m/s)

% @ g (m/s)

-k 7 (cm)

11

17.2

B T i1 (M/S)

0.63

71 % 3% (m/s)

2 & ik (mfs)

-k #&(cm)

11

8~17

B T i i (M/S)

0.69

0.52

0.4

7] 2k ig (m/s)

0.65

0.43

0.31
(0.29-0.31)

Z o i (M/S)

0.85

0.7

0.52

K% (cm)

11

14

175

22~25

J& Fk o i (mlfs)

0.51

0.44

0.35

] % & (m/s)

F o ik (M/s)

0.65

0.6

0.48

-k #(cm)

135

15

175

FHKR: A%
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N H - R R R REk sk (smartrock) s AR RIS F %R E pod %
T R K G iRs (drop experiment) 0 G &V U ET A et B &
BRE TP TRE S 4 F Rl R Fe T (D) B f
dE TR Y o LR A F AR AT P R AR R LR
mE P EERAAS SRS SHEBFERBR TR T & G R

‘e B ‘»J

B

=

fs

{67 BRiE R TR 0 VOLE R LRI BAR R G B~
SH(Wi) 3 F BF1s (W) endgfad 5 o et B g o5V (3) ¢ i B
Gl Coimwdwg, )R RIS B EKR T 0 B F a2 = dhe fvid R
hT = fox B (a4 5 oalt)) > A EBB TR > L)¥rR
BB licE - RS- I REPERT L (AR RN R
ARt FRIEEESGELFER) I BRPRELEAGTS 2R FE

CRALES SRR = 2 S AL RN RS

Fasdeid & Up (B)F #F 536 a(t) o I (B 298 B30 153 Bkt
HZmhfE A E(OV= Ve + V) B v B VA u s 3 AR R kS o

FobEE o~ SR o BV E 83 E vide T

o
v, =
a+G)

it (7 A MR (57 4 L IR B (2 £ (9) 0 7 B st

EEESE L SRS AR S EE Sy T HORRE

(49)

T LEEE A X AP R E I, RSB AE A G Sk &
FrPINORAES A B2 T LBERAE TS AR
A F et FE - BIE R O L HAE G)M A 2 N ()RS B

<

’

Fil

S fc(Green” sfunction) » » 7 mEE A H 2 pd FTREFRR L

FREERBRSER > A3-E 2 5 Flume Green’ s function (Gg):
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GF (f’ xs;'x_/') = \/T[)d(if); /F;lmp (f’ xS;xf)
Fypy = (L4 C)mw™ (50)

Wi = \[2gz"
pd FToE RFFEFRT UE D FRE R R 40 o0 K
FEms3 ?ﬁﬁézﬂﬁ?;}é » wEE R EAGEe
BEA T ERI DI B RBRZ AL RASF TR AR ERY
3R aREA KR blde Tl Co~Co ~ R R R (& B 2B A R) 2
AP AAMER 2 3 B &5 28(Cy > Uy ~ty » Ly ~w; ~ Sield stress)
CRGERREEUES 3 <) W IR st 1 N P %ﬁf’*i&ff%#&‘géﬁi\?% *
PRSI AR ORABSS IR AR YRR g B
LR o T ERIT L Dr(6.5 « &) H - AFi H(Nsp=1)F P & & 2

2L FHNERR Psrn:
D _
Po(fix. SR,x»-%”F(f Dy %,)Go(f 53 )E(D)

b

N, (51)
7@(1+c ) rV s, H G,E(D)

B 205 H - R T Flt R 485 & Slic s delta function > E(D)
% R ¥ ¥ % Bc(impact efficiency; Gimbert et al., 2019) » * 2 & i

FRZFERNAHERREE PHEARLR B T K 4050 (52):

(‘)pb(tb)’%Fz(f’ tb’DSR)dtb
E(Dgy) = At (52)
?DFz(ﬁD)

b

NG R FEF A2 PF AR IR )T BEAE AR
% 2. Hydrophone~ #f i 3% k yeabigse ® § sal RHFE o g4 i

FEBLAEREF OFREFF RGPS R Sk
TR S MR SRR e BRI BLR R R B P fie & AT
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WIRendeiE B A I 2N GLTT B R FEHS L PR

ﬁ 1A N;’;V:
N = i (f)?b
E(Dy {1+ C) Vsl G (53)
P L AT R Y A o R D
aih, =N % 50

25 (54) ¢ HER S

\\\?{y

Bod v ond iR YRR
FPHBEREFNFHR I ERIERHY
EFEPF SR AEERBE A ALK S RE R 6

BEA G R FRARERE SRERE M NF B R R

APEAERS R

0
5
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fen
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P
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I
N
oy
my
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E SRS A AR St p k-
AR A B R e A SRR AR IRS K S B
PSR R 2 BB AR R A SHE T PRt
%pﬂ«@wﬁWﬂﬁwﬁW%H%’“ LA AT [0 B L e
LY A oo 1B SR N R R E T AR R R H i
FERIEE Y o RIRRILE BRI E EB LB IEEI R 4o B 12
AT o B F IAREE - £ 3528 K 7~10 2 ¥ 2 mE EH (B
%

F v

N
b

BT EFR) AR EE T s W - F ok

=1
<0

N

7
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=

ETIR
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i
W

SERBBERREAHMRERARFEF LD K

FIPZMRIEPERR AR FHRZFRA o

IR
e
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i
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Beigang River

) ) ) 0 50 100 200
[] Potential Experimental Site I Ea—— )]

Bl 12 F %3 i R

W13 %D AL KR ErET LE
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%3 FHRETR -ALEIR/GITEG

(7 FHADE P FFRETRE)

P RE FEK T E&PREE | REEKE
& & %, Nodal Seismic Array
e 4.5HzPE-
6/B
Geophone+
DataCUBE( | 16bit ~ 400 sampling | Ground ,
s : +3+197%
Z fhe) rate velocity
e  SmartSolos
(IGU15,5Hz
= fhe)
o 10m Gauge length~ 1k :
e Silixa iDAS- : Strain of | .
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Impact Number = 24 (assumption acceleration > 12 m/s2)
Hydrophone amplitude time series Experiment#6 2023-11-06 16:33+50
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Hydrophone amplitude time series Experiment#232023-12-20 13:29+30
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