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ABSTRACT

Taiwan is located at the junction of the Eurasian Plate and the Philippine Sea Plate,
where earthquakes are frequent, and strong earthquakes may lead to house collapses,
structural damage, and other impacts, so structural health monitoring is gradually being
emphasized. However, due to the high cost of hardware facilities and experiments, it is
not easy to fully promote traditional structural health monitoring in the community. In
order to solve this problem, this study adopted the P-Alert system developed by the
National Taiwan University, and evaluated the feasibility of the P-Alert system for
structural health monitoring (SHM) by taking advantage of its lower cost. A previous
study demonstrated that P-Alert can analyze structural damage by using damage curves,
but time correction using cross-correlation is required to analyze inter-story drift. In this
study, the performance of P-Alert and the high-precision accelerometer Setra on inter-
story drift and mode shape was further tested, and the results showed that P-Alert
recognized the same results as Setra.

In addition, different types of buildings are analyzed, including P-Alert single station
structures, P-Alert multiple station structures, and the Central Weather Administration
(CWA) building array. The fundamental mode of the structure is calculated by
deconvolution, and the inter-story drift and inter-story drift ratio angle are predicted by
double integration method. In the parameter analysis of Intensity measure (IM), the peak
ground acceleration (PGA) and response spectral acceleration (Sa) are used. The results
showed that in P-Alert single-station structures, PGA needs to be higher than 50 gal to
recognize the fundamental mode of the structure stably; in the analysis of P-Alert
multiple-station structures and building arrays, the findings include: 1. The frequency of

the fundamental mode decreases when the structure is damaged. 2. P-Alert showed a

doi:10.6342/NTU202502193



linear relationship with both PGA and Sa (T1) as measured by the building array. 3. With
the same IM parameters, the longer the vibration period of the structure, the larger the
inter-story drift. 4. The Variety of inter-story drift ratios can immediately recognize the
status of structural damage.

In summary, P-Alert not only matches the results of the vibration test with the high-
precision accelerometer Setra, but also demonstrates the reliability of the strength
measurements by comparing the building array of the Central Weather Administration.
On the other hand, with the change of basic mode and inter-story drift ratio angle, P-Alert
can expeditiously recognize the damage level of the structure, which demonstrates the

potential application of its system in structural health monitoring.

Keywords: Structural Health Monitoring, Intensity measure, Deconvolution,

Double integration method, Inter-story drift.
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P EREE P-Alert i Sug 3 B B Rl (712 Hsuetal (2018)22 NCREE 2 R
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Bogdrd CEFAMARPGR - AXFTHR P BFT AR BT EFVRIBHR R
B & Setra ~ 4% 3+ LVDT(Linear Variable Differential Transformer )14 2 = & %
T h Sudeid Bk P-Alerto Setra £ P w g B ZRIY * 2R FRE 0 @ P-Alert
PIE & M3 henidh > FI R 5% BB H b A ML 4T 7% Setra &2 P-
Alert 2. #4350 o R B> % B 2.3 % 5 NCREE /4F 4c i# & 121 & 2(Low
Frequency Accelerometer Calibration System, LFACS ) & 7 & it ehis % > 11353 2
(RMS)# 7+ > Bt P-Alert & 0.7 Hz & 10 Hz #gFp £ 5 245 B pgd > (2 1430 0.7
Hz thije fld »0 F & cot 5L i £ > 1 72 % LFACS £ P-Alert s31 507 »céidg
Lo T AR 23 F A samd PRI M 0THzenE % 5 ¥ - 3 6 0 4B 2.4 47
o REARREBEFIFFIRERET RAL PEFUELR L & FRT
PRANILA o AL R TR I AR A AT T L R R iR AL
(Hsu et al., 2018) °
Lded Sen@ %Y o Yinetal(2016)% 355 %M S - LI RPE DN

Kt BAHCAI(R) 2.5) 0 Setra &2 LVDT R s B 4 5% X5 4543 RI(% a~b) -
P-Alert #dx A &+ °P wni= ¥ § %2 2R EAS R - R EEART] > F &

EES - wipl (B 2.6) iy 24 AR R G AR DRES ST £
2.1 BoF P-Alert g w| SHd £F % 2> i § i 100%(Yin et al,, 2016) » & -
¥ S P-Alert * 4 i B TR Y s B4 o
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1.1

0.9

o 0.8
@ 0.7
o 0-6
=05
D‘: 0.4 L
0.3]
0.2}
0.1}
0.0 ' '
0.1 1 10
Frequency(Hz)

Bl 23 AR R P-Alert 2 %% F » B¢ &7 07Hz 2 10 Hz 45 5

RMS 37 1.0 > £ 4 24 %72 (Hsu etal., 2018) «

300 . . . 1 |
> 350 Gal
P57 300 Gal
A—A—h 250 Gal
E—8—F] 200 cal i
200 O 150 Gal
+—+—+ 100 Gal
G—E—6) 50 Gal 7
g A
» 100 -
o :
o 5
0
400 L1 ! s .

0.15 0.1 -0.05 0 0.05 0.1 0.15
Time lag (s)

Bl 24 P-Alert &5 k=4 &9 > 4% 2 |3 $ 355 & (50 ~ 100 ~ 150 ~ 200

250 ~ 300 ~ 350 gal)A* 47 % B P A 4f i3 2 3% ¥ A % [B)(Hsu et al,, 2018) o
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a bOF
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Bl 25 % - Hied o F k& FBH % 2 B(Yinetal, 2016) ¢
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P—3 oF

7)5F
—

7 4F
3F
2F
1F

Control Room
OF
a b
East ‘West

B 2.6 %= iR 5P 5% & BH% T 2 B(Yinetal, 2016) -
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21 I %= edRds o Bt g Setra 7 P-Alert & g Ede LA 0 ARG £
% % (Hsuetal., 2018)
Input _ Setra Correct _ P-Alert Correct
(gal) (Estimated/Reference (Y/N) (Estimated/Reference (YIN)
Damage Level) Damage Level)
Casel | EL50 Safe / Safe Y Safe / Safe Y
Case 1l | EL100 Safe / Safe Y Safe / Safe Y
Case 1l | EL150 Safe / Safe N Non-safe / Non-safe Y
Case 1l | EL200 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 1 | EL250 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 1l | EL300 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 1 | EL350 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case2 | EL50 Safe / Safe Y Safe / Safe Y
Case 2 | EL100 Safe / Safe Y Safe / Safe Y
Case 2 | EL150 Safe / Safe Y Safe / Safe Y
Case 2 | EL200 Non-safe / Safe N Safe / Safe Y
Case 2 | EL250 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 2 | EL300 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 2 | EL350 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 3 | EL200 Safe / Safe Y Safe / Safe Y
Case 3 | EL300 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 3 | EL400 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 4 | EL250 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 4 | EL400 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Case 4 | EL450 | Non-safe / Non-safe Y Non-safe / Non-safe Y
Correct
rate 95.0 100.0
(%)
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22 RBHRFERER

BURFERER AT 5 BRARES KRS LB R SR e R
B REFIRAT R A kY g4 - B H @ﬁgjﬁ e R
AP ? e R BRI R b0 4 T U PEE R & WA cdR 85 F3)(Vahid et
&J&D’%@27%ﬁ°%$ﬁ%%ﬁ%?i%ﬂ?@M$&Mﬁ%%F%\%
PR EBUERESF IR EL LY WA I A R R
BHA R E R ¢ F R ARICE KRB B RRNE R A AT
SE SRR SENE S S L

Human Body SHM Svstem

"

221 B4 RANR
ﬁﬁ%ﬁ%ﬁﬁ%gﬁﬁ%ﬁﬁﬁ&%@’?éﬁﬁﬂﬁﬁw%ﬁ%@ﬁﬂo
%‘1%‘}; N BRI B e IR o KA Bip Lo
BAM RGNS EREEDARE N MR AREF Y RE BB L
B ¥ i#l(Structure Health Monitoring, SHM) it P s i i eh A d B > 4 5 24 %
BRI 7 R L T £
10
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L /\Eﬂf

Li"ﬂxﬁ.f‘r F

®  Francois-Holden et al.(2022) 4+ 4t &= & 7 =

S 0 A 45 2010 £ 3 2020 E Bl 5 KT L

& & 47 cht Fo # WHSB

fﬁ'%fg m‘*f?

PREEHF P FEI D 02016 £ Kaikoura ¥ %% 2 RH 7.8 B RE

WHSB R 447 5 T % 4 0.2 Hz (4] 2.977% ) » Biom o fe g ¥ fhlibis & 4

2o
2]
AL A AT A
A% T R

Y oL
e

AT o

pL ot Wenetal.(2024)% ¥R > ¢ ¢

AAICGE? D@ ot X RGP G  maesl 5%

Wt A (7 5
BERIEY I A o

24

D2010
N,
<z .
> . &
8 " . @ :
L]
3 18
o
L
§|b
= pp
@ 4 e
=
(1]
5 2 L
[ =
o
| W
B 2.8 WHSB i f 4 3
e e

CS2013

K2016

|
1000

PR L ¥ = ;qu—hfj;;y?

~EBL e p ¥ TR BEAHEI
B 7n gk B A RO USL(R] 2. BT A A

Y= B

W FAETEY R

7= P-Alert cimit B B pafd » B 220 dp B Y kB R R B HERE

* WHSB Freql
« WHSB Freq?2

"

1500

Days Post-Prior M? 8 2016 Kaikoura earthquake

i
P 1 3%

11

8 B B A AR
& (Francois-Holden et al., 2022) -
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Julian Day

244 246 248 250 252 254 256 258 260 262
Strong
20
N
> m
9 =
5 g
3 0e
= <
(5]
=
20
Weak

0 24 48 72 9% 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456
hour

Bl 29 Mz?rAF@MEENT 98 B TR FEER > B 24
R foq BA%g > FJ o EA%33(Wenetal, 2024) o

222 FpHRE M
%@&%A%ﬁ&ﬁ?ﬁ%%iﬂ?*éﬁﬁﬁﬁﬁi—’ﬁi?i‘EWEﬁﬁ

P RER PR FEEEETEOER S I IR EBEER LS F AT
o&%w%g&ﬁggﬁ’aﬁgzﬁg@rpfﬁagoﬂmmamumaﬁ

e A A E 0 1 (TR ARACR] 2,975 5 38 Ormsby ik B pe 4 pf ABFL T i

LA J‘}‘4}5 )/I;J_vg'-r a4 %F‘é’:flfg&% o FRm o 3 G /}a/ﬁ‘»mﬁfiﬁ 5 l"&'ﬂiﬁm =T
A4 o HiREE% 4 E - Dan et al.(2019)P]# * Butterworth jgit B ¥ 2% & &/ T

s
-

—\

N
R

PEIE -
=

SR ARE T BR A e L AMRBA PR R R AR B A Y 0§ A 4 RS D
AL > doB 2.477F o ¢h > Zhuetal (2020)F E A F B e N FREEH

ik Sdp L Butterworth it Bk Sl 0.97 B AR R S DA

M-

pilE A
RERR Aol 2907 c FEF AR AT T RLA T IR B AR/ NG
o U R S F 5%%?‘1' » b i P-Alert ~ Setra ' 2 LVDT = fa g Bl % #7742
AR % - HITE P-Alert bk BB G P OEFEE Y T T
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Or use Butterworth filter

Step-1 Step-2
nput at) Ormsby filter 2 Accelerogram
Accelerogram it
(fs f) a;(t)=a(t)-a(t)
|
Step-5 a,(t)
Step-4 Step-3
Detrend or v, (t) ay(t)
Least-square fit || Integrate a(t) for 2(t) | Zero mean
Vo(t)=v, (t)-vg-ant v4(t), assume v(0)=0 on ay(t)
Step-6
Va(t) -
Integrate for d(t) Estimated
Assume d(0)=0 displacement

~
B 2.10 EEAF A4 R 0 #* Ormsby ik Bri 2 2 TI05E 7S X fFA

it B TR HE S 8 78 (Loh etal., 2016) -

1 i ‘
w — Estimated Velocity 0.8 — Estimated Displacement
s Lre. - - Theoretical Velocity ’ -~ Theoretical Displacement
E:‘ Y:0.3978 ~ 0 6
- p g ’ ¥:0.1583
n o N/
E) ‘ i 0 g 0.4 Ay
2 g 02
o S Lo
(e} N Al
o 2 0 i
> a I
1 1 -0.2
20 40 60 0 20 40 60
Time(s) Time(s)
(a) (b)
0.5 y
> 04 @
g =
o 3
o 03 ®©
> a
5 0
2 0.2 o
£ 5
04 <
Ll
0.01 02+ sy e 4 |
0 20 40 60 0 20 40 60
Time(s) Time(s)
(c) (d)
B 211 1% S T2 228G = fof % =4 %L Bl(Dan et al., 2019) - (a)3g
FEREE D)FREFEBLEE c(OFRERFLATE - (D)FF AT B
WA TR
13

d0i:10.6342/NTU202502193



Relative error (%)

ACF a,

®] 2.12 Butterworth filter & 4 % j&* 58 £ v* B » Erp ~ Ers ~Err % 2 4] * 7
Foeng 7 f250 0 2. B % (Zhu et al., 2020)

245

LR A Ry ¢k R E R T AT B T
£ R ¥4 ohdf 42 & > De Biasio et al. (2014) # B4 * «hsg & R

& ! e
B4 (IM)o 4rk 22 957 » X MH A 5= 28 B P MFF il %A %
BEPFRE S -y 3 1 VG eR g e T B R R AT A 4T

ME- HIERES A R GuRE T L (B 2.12) 0

AP A REEAE Y R Sl o PGA RIFR - RIS R R A
g HRIE AT S R E R S P A R B o g TR R 2 AR R R
Bt B0 & AP A MRS EH T 35 0 Sa(Th) 8- #2497 3 R
TR T R R 0 12 LR 3 BOA TR TR T iR e g o
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40 ¢
. @
© o 0 e O o . i
g 30
]
©
£ 20 i —
3 .,

. & L4

é 10 L ..‘.. [
E / : :

0 F F x ;

0 0.1 0.2 0.3 04

Max inter=story drift [%]

40 by g
L [®)
W 3
& 30
[15]
©
P o) S e "
©
=} L]
o : g
X T : PO
s 10 PSR
- / .Jb E
O ] 1 1 ]
0 0.1 0.2 0.3 0.4

Max inter—story drift [%]
Bl 213 %k Sl < EF BB ECFL R AT RS b agfit ¥
%l (a) 3P RFEM (b) M R F4 (De Biasio etal., 2014)
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3022 AR FECHEFIF L RIFE A SR SRR AR L
(De Biasio et al. , 2014) -

Type M Notes
Frequency SpalT1) Spa(T1) = pseudo-spectral acceleration at the
response-based fundamental period

Iy [53S,(T.6)dT S, = spectral velocity

& = damping ratio

EPA =5k [, (T.£)dT S,a = pseudo-spectral acceleration

& = damping ratio

ASI = [33S,.(T.£)dT S, = pseudo-spectral acceleration
oS £ = damping ratio
S LT (;“ITI ) ' S, = pseudo-spectral acceleration
T = ﬁmdamcntal period
T, =2x=T
Iyp = T]j(%rln_ﬂ) " S,uv = averaged pseudo-spectral acceleration

between T and T,
T, = fundamental period

Tz =2x T]
Amplitude-based PGA = max |a(1)| a(t) = acceleration time history
PGV = max |v(1)| v(r) = wvelocity time history
Duration-based Iy =% :{a[rjzdr a(t) = acceleration time history
' t; = total duration of the record
CAV = f:f |a(r)|dt a(t) = acceleration time history

ty = total duration of the record
SCAV = CAV, + [ \|a(1)|dt  a(r) = acceleration values during a 1 s
interval, with at least one value exceeding
0.025 g
i=1,..., n with n equal to the record length,
in seconds
Apps = V“'T]—a_ la(0)]?dt a(t) = acceleration time history
T, = time elapsed between the first and last
excursions of acceleration above 0.05 g
1. = a1y T, = time elapsed between the first and last
excursions of acceleration above 0.05 g

16
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Chapter3 %3 =i

AR A BT R e RS TR AL % s
gﬁéﬁ&P;ﬁﬁ%ﬂ’kﬁfﬁipfﬁggﬁ%%@r&z,;ﬁgg%ﬁ
N CAER & Sl IRy
3.1 ?FWE@E—L

AL TR DR KR A& KA S A7 BB kS e - F P-Alert

~,»\

o

G RE BT RE RS E RTA S Y - AR A CWABA & suif

\r
.;_.
=
e
Eid
|
G
R
X

Rl R e T AR FOR A A bAoA B R B
Kot H R A2 ) 3R o AP B ) BAc ] 3.2 fo W) 3.3 47T o
3.1.1 P-Alert F#15f dT

d 3% P-Alert i & fi* b BAFE kit BB W sesl A% 9 (ay) B L
(@)inteid BT & A BRE S E B Bd S p il T AR EFEA

TRV SR B R I A ek £ () R B D o D

{ay} B {cosﬁ sinﬁ] {an]

ax sinf cos@| |ay, (31)
FHNG0) 0 T RE A RA T (a) BT F S T (e, B EE
(ay)2 442 & v (ay) 4ot B () 3.1)° %+ % =i & {4 * Butterworth

24T o

ik BT S F 0.3 Hz I 0.8 Hz shEAp imigid > § »2d 3 Rl > & fs i
Je R 18 mﬁiiﬁzlm 3 = SAC ’f’é-;(\ ’ IEFW I AR G

F028_0403ML7.2

0.3 o F028_0403ML7.2
b2 (A) 0.2 (B)
0.1 01
e o
0.0 WMNPUWV-W =
g g o0
© ©
-0.1 -0.1
~02 -02
03 -03
10 20 30 40 50 60 70 80 90 100 110 120 10 20 30 40 50 60 70 80 90 100 110 120
Time (s) Time (s)

B3l e sRA)BE AR (B)EE SR E

17

doi:10.6342/NTU202502193



Raw data

EW Direction || Structural | |
Correction Correction I
I

0.3-8 Hz zero
phase filter

!

Save as
.csv and .sac

Bl 3.2 P-Alert F#L3f @ in 42 B

3.1.2 Building array 3 #¥f a2

% Building array ePF A1 FE @i 5 H 3 0 d AT AR e R R E??ZT‘.%{J"I
By R R TR 0 2 d 305 8 P-Alert L] o Mt TORGE 7 UE R
F ¥ 200Hz "8 £ 100Hz » 4ot — k& -*Ff HRBHFEERF T EAR o 2 50 A
BEHS BEpFaER L § R B AFEE 0 F AIF 1 R (Cross
Power Spectral Density, CPSD)#1= 3% » -2 folf 5 Zhdick 2.5 512 BFAlgs > »

Hanning window % 50% > #z i & A (O Bl B4 5 % o

Raw data
________ | S
I |
! Resample :
- betrend 200 10 100 Hz) |
L _ _ _ |

Calculate transfer function
(Using CPSD)

Bl 3.3 Building array 3 L f &2 i 47 [B]
18
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32 BiFRFHE

REHESEEERY RS ORA MR E- AL R ik S I R
PEREFOT R M R RSP IIR RALH G ERIBA T EE QLSS D
BERPREE ToM-§ R 5 o Ft o B BRISHES A MR DR 0 o
B OB o AT P o @df P-Alert B4 il b e B 0 BB HEA 28 )
T s HA A ES S AR o d R BRSSO AN E T AR
FIE LT RS AR A uE B A TR AR o
321 HAARHP T F EH2

BE A SHESF ARG ERY > RBEUA LT EXNEAS - A - E M
Bz ®ood e B AP Bl £ L€ L BEER RS LR 3.4 PFAE A 47
PORRER R BFART IR ESEF AL OR LR 3 REREY TR
&0 RS S AAE S D A e B D1 PR BB R HEF A
B FHEAP RSB SAPA A d BRsan TR AR S AT -

BACFEEFTHEH SRS R RIEREGT Y L F ¥ p d Bl
dede 3000 o MR N E B RIS SR J Bl EEAL o B F 0 BT £ SR

R T
f(t) = g(t) = h(t) (32)

£(t) = g(#) + & = h(1) (33)
7 (3.2)(3.3)7 T h(t) 5 iF R 4 iRl =h(P-Alert) #T LR e i R TR 0 g R AP 4 H-
Rlebehteid R e & LS Teddc d e 27 T8 2 7R LM - 4
T MM E A FRETHES 03Hz 3 8.0Hz e Rk 0 2 15 ki
= # & % (Fast Fourier Transform, FFT) » #-PF 2 ;U 5Lk 3% 247 5 8 0 & wlE 7 %4k
PRI F L u(h) L & pod Frplsk o K AR u(g) 0 & a F N B ig i
S Bulf) o 4o (3.4)5F ¢

u(h)

u(f) = ——= (3.4)

u(g)
FEu() e B B ) 3SR R R & DI Bk i 0 3

EATE IR S 0 TS B g RIREEY -
19
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20240423 - Seismic Data
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I | = -80
0.00 Lt >
[G] k | - g
| | H 100
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~0.05 1 L 1] | g
i £
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~0.15 1 i | --- EQEnd i
" | ==- End +60s
— 11 1 . . . 0.0 — T T T T
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B 3.4 P-Alert 3 $i 5z pFATR ¢ =B 5 a4l e 82 LAW > B 5
RS EPFAER -

(A) 20240403 - FO19 - Seismic Data
ol opl wl
——- EQ Start %: ﬁ:
021 ——- EQEnd i
=== End + 60s ‘_:_
o 00 o
I I
—0.27 l i
| | 1
] i I
0I4 T T T 1 1 1 T T
0 100 200 300 400 500 600
Time (s)
(B) w @ 20240403 - WO028 - Seismic Data
N
0.1 ~
0.0
© |
—0.14 ——- EQ Start
--- EQEnd
—0.2 4 —=- End + 60s
0 100 300 400 500 600
Time (s)
(©) :
1e7 Deconvolution Spectrum-20240403
® Frequency: 0.23 Hz
1.00 A
3
3 0757
g 0.50 A
0.25
0.00 - - ———
107! 10° 10t

Frequency [Hz]

B 3.5 A% pd Fplzk s HRAB S X R REGEY D (A)p d SR
FO19 % 45(B) S H47 Rl = WO028 & (C) St dr Bl 21 o BplsbF S8 % o
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431 P-Alert =22 p o Bl sh e st %

P-Alert P'J—YLL K8 ¢ ;f: @( %‘ =5 _&&E%@p‘_(ﬁ fer N m )

e B oo SR sk B fi iE e
WO00B F028 758
WOOF FO019 516
W014 F026 1653
W023 F026 1365
W028 F019 524
W475 FO015 28

322 %iplsbiiEd R K4
[ @*fr--’%t&%a‘ﬁ GLET RIS F G B R iR
B 0TIl AR - WAl EBAE (TR R AR AR > T U 301 & Apif >
O ORER Rk aE > RE S R AR Y T AF SO T &
HBAGCIENCAHE RN E - P R T M G B3 (8 N deT e

T
u(h)
D(hho,w) = (36)

He oh RARHEFRIHATAORE B R > h PIEF 6 & - WPIEDB REE
mmoéﬁ&&w%%%&ﬁﬁﬁ&?ﬁwmmwmiﬁaﬁ—ﬁw%ﬁﬁﬁﬁ
Fo F(h R 5 & fen s F i dic e 1% 8 (3.6)#- & A& Rl =k 213 6 iplskie
ﬁ$@ﬁﬁ%’%?”ﬁﬁDwﬁww’iﬂﬁﬁﬁﬁﬁﬁﬂ%éﬁ%éé%@%
T Hmi A2 R4 Bl 3.6 #Tr 0 &R 3.7 ¢ BT agipd ? LA kAl
B B 38 F LAY G EFE EF SR o
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ACCEleration

Acceleration

Eration

ACceEl

22

' I

| Dataset i

| " |

, Select Time Window |

! Using STA/LTA |

| |

I v I

| Identify Ground Motion |

l and Structural Motion |

i |

I - -l [l I

1 | Deconvolution with Different Floors |

I J

Determine Frequency
Bl 3.6 A A T AR

ootructural station v iesssa
_.Structural station e
mGr-:;]u nd statl?aon B e - - B
- v 100 200 T,:iu[s:, 400 500 600

Bl 37 5B R T T 4R RE SR
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Frequency Domain Ratio: 9th Floor / 1st Floor
)3t 0.44 HZ

—— 9th Floor / 1st Floor

20+

15 4

10 4

Magnitude

_d b

10-! 10° 10!
Frequency (Hz)

Frequency Domain Ratio: 5th Floor / 1st Floor
at 0.44 Hz

14 —— 5th Floor / 1st Floor

12

10

Magnitude

107} 10° 10?
Frequency (Hz)

W 3.8 SrhAlSHd TR R LR R F SRS

33 BHFEF S

%W&ﬁéﬁ%“ﬁﬁﬁiwﬁpﬁﬁu RIE™ T iiir 2 52 0 5
“ RS R EORIE I G BB AN AR S TS X AR PE
Lt o < S dH SRR ’*Jfﬁ«’rf'#ﬁ% SR PR G e R R H R 4By AR
PREETFESTA -GS AT SEELHL 2T R R TR
>4 By €A F TP 4 T Rl(Lohetal., 2016;Danetal., 2019; Zhu et al., 2020)

A\

‘.*q\

] gL X 5"35—33’—“97 e %'{‘ ﬁi L E )‘L_n AR o
SO EAREE G %mw@aé§#:é%’ﬂ&ipiﬁ“ﬁﬂﬁﬁﬂ
W P-Alert 5 jpl=k 44 11 2 CWABA chigipdr » 2 s 73 ApM A 4700 2 Apin 4

T N EAERST > AR - RET M EE o
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3.3.1 M H#F % 2 (low-frequency attenuation, LFA)

TR L Rl PR R 0 DO AR RS A PR ET R A O AT T R
* Butterworth JgA ® 0.3 Hz & 8.0 Hz E4p gt e 2 2 ",4rf IR e
¥ ¢k > d %t Butterworth filter s gk B enf it hlicy € R TR B2 8% H 2

A2 38 4o5t 3.7 Ao

A —
(=S
i

. 7
He) =72 |
=
iy

(3.7)
o qe e Hy(f) A~ 4eid & Fa2ens 4250 HEO(F)RI LGk B8 et it
TR BN A FHhdk d Zhu E A FRFar L 097§ 3 5| o i
FARHERIB 3.9 #rm > Flob AR R S HE IR iRk -

Butterworth Bandpass Filter Frequency Response
(0.3-8.0 Hz, Zero Phase)

1.0

0.81

0.6}

—— Butterworth Filter (0.3-8.0 Hz)

Amplitude
e
~

0.2r

0.0

10-? 1071 10° 10t 10?
Frequency (Hz)

B 3.9 Butterworth filter # i Jf i it & 8% Bl

332 & T332
BEERAFEY CFARE NIRRT AR BER A S AL T AR
# (Baseline drift) » F]p#t 7 & 1% B ] T 2 2 en 35 53] & TR BB AR - AL
AREFFEITODARTOEE o 327 1 0T B FgE > 50
pt) = Xz ak@r(t) (3.8)
dRGRT uH NP TR =12,. N b} B o) - x
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BEJIFE Db Eendilig(D)R 7 AR D RS ARSRH TiE E g e
Bt MR R R R B TR T BER 310 27 i en
HHFEFRFER A2
(1) EP-RE ek & FTH{x]-
(2) F1* Butterworth filter :& {7 # i jgik 0.3Hz % 8Hz> ¥ % % ik 2097
(3) &7 FH4 T 5(Zero-mean) o
(4) 1% 2G3.8)F N AMMAART M > ¥ FRD -
(5) F1* = & 2)4 &~ i (Trapezoidal method) » #-¥c i f 4 ©

(6) £4F (2) ~(5) &= > e R E SRR B E o doB] 311 47T e

Estimated inter-drift

Input acc. data

CPSD | Cross-correlation

™

Butterworth filter
(Zhu et al., 2020)

Demean

Detrended by LSM
(Dan et al., 2019)

Y

Integrate a(t) for v(t)

Integrate v(t) for d(t) [«

Inter-story drift

Bl 3.10 FEF A 21 T2 H
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Filtered Acceleration (Y, 1F to 4F)

g e

_500 1 1 L 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Time (s)

Acceleration (gal)
o

£ Filtered Displacement (Y, 1F to 4F)
E 200 1 T T 1] a T L} 1] T 1]
e A |
= dra N A
OEJ (e - - V .“ " ‘.I \_," k |, “f’ \\\ | 'Lx \/ N\ | ‘ \"‘., \ V]
@ 1/ | Y Y\ V
o {| || \/ V
® "
%_200 1 L 1 L 1 1 1 1 I
o 0 10 20 30 40 50 60 70 80 90 100
Time (s)
Bl 311 BEfFrZz: ZdFRAFTHRERHF S THRT LE
333 kR i#

P2 P N AEAFRPIE AR LY 236 E 0 BB Lk B
FAREFAZIRGHESF G RFLT 0 FP AT R0 BREFSERRTE
foenR B = &gt > FuRBw A AT R A &S 50

d; — d;_
6, = 4t (3.9)

-7 }F”}’g% E‘f’ﬁ"l”ﬁ%ff_’_f% ’/.E’;di‘ff'di_ljg-f” #B /)f—:\' 54 /f ;’L;' Al 2 ’ -F- %-Al N Az"fi’ ‘:g )i%—_h
g T RESHS DEF S LR 3.12)0 2 FAS B RE RO jRA
Fefdagt 2WERSHEFETFIHGLAR -

Wive

...

H.

H.,

W 3.12 KB # 43257 LB (Seoetal., 2014)
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BB A h o 17 000 SRR PoAlert ik

TR RO S
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R FHCEES SR JRIE 5 R Sl

$-#c¥t BB 4 (De Biasioetal. ,2014)% 2.2 bil4e : By 405 F i~

A ST SRR S

2 B - Sa(Ti) ~PGA~ & B =45 ~
B BRI o doR] 3013 7

T S B 0 ek 2.2
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o0 R g e P-Alert [k Sz OB Mo
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ol @ o] «® @
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B 3.13 % B P& %¥: PGA ~ Sa(T))¥&
¥ PGA-E 8 % F] 5 (B)9 A I =45 2 PGAN B 4 5 (C)9 WAk ¥ =43 &
Sa(T)-X 8 4 ¢ (D)9 W A& B =4 & Sa(T))-Y B % F

27

TR R A2 B AR o (A) A R A

doi:10.6342/NTU202502193



28

doi:10.6342/NTU202502193



Chapter 4 3%-##.45' AXTR
AFEIRALFHAT? ERY NBEF TR PR EREE kI AR
HiplE > NI RE SRR o
41 ¥ RIFE s Spiple (P-Alert)
AEEGARA]T P-Alert i st? BRI ETE > RGE R ERE Bl P-
Alert s bei B 4 & A& agalendiid o B9 - fh 5 H o) 2454 > T H - B4
Pl WA K- B RV - RS S SRS o dp - RS
Bk BRIk o ok § -SSR SR FRP
4M.E$y$ﬁ#?a

bole 2.1 & hh i P-Alert #1 % PR P RE F = A R et B ko

|

'(

FELREF DT IR AF LR o bR A TR FIRE & 2024 & 4
V3 PEESRY 0 S EEBNARRSEARESIIG AT 4oR 41 S0r

B ik s W04 i8Rk = % 4k VHRIT R W BRE R i 0 Bos 3 5 WATS
CERA R HIT R R R R RS +%€>Eﬁ§’ )3 (B 4.2 #T7) e EEAL
S WO28 A P skt B RE R - BRI preE R T A
EE Y P-Alert I igteE B2 &4 o

?

SR P LB P-Alert Rlabd KA i - PR T > FETE LY
AT A BB RO X AR 43 o A L e B SR EEI NS e
HENEAZR B E RS SRR b LDL R AT RICE
G RBEE X RSESF RS e o VR L L g 5 (B 44) -

B RF RS G o NE LA SR F RS E Y L R T ok R KRR

s

(A

fehp d FEOR > BEF B A TUFERSES SR o Tl ST 4 30 2

-

B P st B A 0 AT fcARPEF AT 2020 10 1 p % 2024 & 80 31 p
ko E G 55K ML>6.03 BE 2 0 4o B P B A ¢ https://www.hlgs.hlc.edu.tw/
L4l st o B41% 07 B R BE AT H RS B 0 B R P Srber
“Ro
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B 4.1 H =7 é:—f#ffﬂ =% &~ % B o B % B p ! https://palert.carth.sinica.edu.tw/

renrrnbansiYhave

B 42 FEAYEFLAE o B Y Ep o https:/www.ner.gov.tw
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F041 H=A RS2 ML>6.0 28 B P &

5 N . R R | TR
B EERF(UTC +8) TR TR | RARE(M,) PGA-N WS
2018/02/06 23:50:41 | 121.730 | 24.100 6.2 442.2 gal 399.8 gal
2022/09/17 21:41:19 | 121.160 | 23.080 6.6 8.1 gal 11.7 gal
2022/09/18 14:44:15 | 121.196 | 23.137 6.8 39.4 gal 49.4 gal
2024/04/03 07:58:09 | 121.584 | 23.8607 7.2 457.9 gal 256.0 gal
2024/04/23 02:26:51 | 121.543 | 23.8525 6.1 178.5 gal 156.7 gal

41.2 ?vHWAﬁ
B P-Alert % Seenpiple? > W - PE B E P o B HP LN ATH

FFR®EP - a5 GHEBEEER - HAS RO 2 0 B 54 5500
# 2 (Reinforced Concrete, RC) » 4o 4.5 #1775 o pgHede @ £ 73K = 2 P-Alert 4«
# (HO10)~ - ﬁjﬁiﬁ?(HOO%‘i ¢ 3 B (HO08 )>
B S QEEA e T -SSP EEHD
X phdn o K S B el Y
Ry L HRBE S CHRBRT 53 A 4237 RS RAHREL o &
T TE S B o PR R A 2014 & 12 7 10 p % 2024 £ 8 7 31 p ok 0 B
£ ED 19
dod 4.3 HroF o

R WARS & KR T - X .y

P BAERREE ravi’!

>

L=

AEHISE AT REBS RE

TR REFEH?F 6L RFEOM>06011 > R FFEFTR

% 42 i+ f“q\ ’%fﬂ-% R 4
Bl 5F 9F
X HO010 HO009 HO08
Y HO010 HO009 HO008
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- -
P—

®-HO08'

~® H009'

P |

B 4.5 577 B % P-Alert #23% = % % 3+ Bl(Chou et al., 2015)
4043 ARSI ML> 55 H B &

EY R R TR #R | (M) | PGAX | PGA-Y
2025/1/21 00:17 120.547 23.221 6.4 6.2 11.6
2024/8/16 07:35 121.705 23.782 6.3 12.6 14.2
2024/4/27 02:49 121.689 24.254 5.8 13.2 7.8
2024/4/27 02:21 121.684 24.190 6.1 11.9 175
2024/4/23 02:32 121.543 23.852 6.3 15.0 8.3

2024/4/3 10:14 121.976 24.146 6.2 21.4 22.8
2024/4/3 08:11 121.651 24.130 6.5 8.7 7.4
2024/4/3 07:58 121.584 23.860 7.2 58.9 66.8
2022/9/18 14:44 121.196 23.137 6.8 14.6 17.0
2022/1/3 17:46 122.171 24.020 6.0 11.1 6.7
2021/10/24 13:11 121.775 24.533 6.5 18.2 17.9
2021/4/18 22:14 121.480 23.860 6.2 10.9 19.2
2021/2/7 01:36 122.610 24.660 6.2 1.9 4.8
2021/1/9 19:35 122.020 24.730 5.8 6.6 9.6
2020/12/10 21:19 122.000 24.740 6.6 13.5 16.6
2019/8/8 05:28 121.910 24.440 6.2 31.0 17.2
2019/4/18 13:01 121.560 24.050 6.3 10.6 15.6
2016/5/31 13:23 122.680 25.490 6.9 8.6 7.2
2016/5/12 12:29 122.020 24.690 5.7 54 8.6
2016/5/12 11:17 121.980 24.690 6.1 9.3 15.5
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42 ¢ & F 2 ¥ R BRRILE] (CWABA)

ME AT RAESHES 02 R EAREE < AR B B o
TR TR ESHEFEETRY PELR - S04 P A F 5306 %1993 £ 42
WAREFTRBPZIRALSESFIPRESHEFBRER S BB RTY
2 B

BH B ERIFSEY A L HUEZ AL (TI<05§) P F LAY (TI=
05~15%) 2 RFAZEAS (Ti>154)) Bplzbar# =8 220 Z4A4cF 4.6
TR e AT gt S WY BAF 1 ATk < (RIS TCUBA3) >
%@47%%0&%ﬁ#ﬁxég T kot Efh e 133WA L=k o
LU D3 S - RZAY - E@ILTFE - ERFRDE T 288
BoF el 1S SRR e FE AP R R e BR B ARl Aot
4457 D RRIBEAGRE AR TR - e R R T2 R
d 3T R EE 20 B c AREFZSREERPF YR EBARPFTH
R ALE e R R FIPERHE S R dod 45 At 0 Bt e
CHS8 ~ CH26 ~ CH14 ~ CH21 ; “&$h= » 5 CHI10 ~ CH27 ~ CH15 ~ CH22 -

BB B S8 1994 # 32010 # 0 o ek ek 4.6 4T o
E 78 AR R E > HY § 545 HBEE M >60-
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# 44 TCUBA3#g:f EK =% F & o F#Bp ! https://www.ncree.niar.org.tw/
YoBl | P =5 it %3 B X Y
CHO1 | X pd 3 1D -1175 | 2130
CHO2 |Y pod 3 -1D -1175 | 2130
CHO3 |Z pod 3 1D -1175 | 2130
CHO4 |Y Bl & ¢ B 45} 8D -26 -78
CHOS |Z Bl ™ ¢ By 4t 8D -6 83
CHO6 | X Bl & ¢ By 45} 18B1 -25 -14
CHO7 | Z Bl = ¢ fF il 45} 18B1 -4 -19
CHO8 |Y Bl ™ ¢ B 45} 8A 19 4
CHO9 |Z Bl & ¢ B Hs ¢ 8A 29 -30
CH10 | X Bl =°¢ FHs T 1C 361 9
CH11 |z Bl ¢ By T 1C 352 29
CH12 |Y 4F * ¢ B 4T 9C -675 21
CH13 | X AF +¢ By 7 18B 26 28
CH14 |Y AF + 7 Bl 9B 682 28
CH15 | X AF =7 By 7 1B -569 9
CHi6 |Z AF 8 iz e 2C 692 30
CH17 |Y AF 8tz e 2C 692 19
CH18 |Z RF & ¢ By 4T 9D 33 -14
CH19 | X RF * ¢ By 4T 18B 219 2
CH20 |Z RF & ¢ By 4T 18B -40 4
CH21 |Y RF & ¢ By 4T 9A -8 -8
CH22 | X RF & ¢ By 4T 1B -152 1
CH23 |Z RF * ¢ By 4T 1B -131 3
CH24 |Y IF ¢ e 8D -11 20
CH25 | X IF ¢ B4 18B1 -6 7
CH26 |Y IF ¢ e 8A 23 21
CH27 | X IF ¢ e 1C 355 28
CH28 | X IF 2 A5 5 2 Lyt 20B1 -23 -16
CH29 |z IF 2 A5 5 2 Lyt 20B1 -33 21
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% 45 TCUBA3 4 ek 1% %
B1 1F 4F 7F(RF)
CH10 | CH27 | CH15 | CH22
CH8 CH26 | CH14 | CH21

2.

13%

L
TITTTITT

B 4.7 TCUBA3 .%é—f#%éfﬁﬁﬁfﬁdré»é{??} P EVHRBA D T B

Bk ¥ o B] 5 B~p ! https://www.ncree.niar.org.tw/
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% 4.6 TCUBA3 *t{ck ML>5.5 ch 2% 4 p &

F R P ER SR BH(M) | PGA-X | PGA-Y
1994/10/5 01:13 121.720 | 23.160 5.8 34.7 35.0
1995/2/23 05:19 121.690 | 24.200 5.7 8.6 7.0
1995/6/25 06:59 121.670 | 24.610 6.5 11.7 10.7
1996/7/29 20:20 122.350 | 24.490 6.1 7.4 5.9
1998/7/17 04:51 120.660 | 23.500 6.2 8.3 8.7
1999/9/20 17:47 120.820 | 23.850 7.3 219.2 245.9
1999/9/20 17:49 120.830 | 23.980 6.1 29.4 26.2
1999/9/20 17:51 121.040 | 24.090 6.0 29.2 28.8
1999/9/20 17:57 121.040 | 23.910 6.4 29.2 33.1
1999/9/20 17:58 121.060 | 23.910 5.7 13.8 13.2
1999/9/20 18:03 120.860 | 23.800 6.6 49.0 38.6
1999/9/20 18:11 121.070 | 23.860 6.7 47.9 445
1999/9/20 18:16 121.040 | 23.860 6.6 92.8 87.1
1999/9/23 12:24 121.090 | 23.930 5.6 7.5 75
1999/9/25 23:52 121.000 | 23.850 6.8 67.2 61.2
2000/5/17 03:25 121.100 | 24.190 5.6 8.0 6.7
2001/6/14 14:35 121.930 | 24.420 6.3 7.8 75
2002/2/12 03:27 121.720 | 23.740 6.2 13.5 12.0
2002/3/31 06:52 122.190 | 24.140 6.8 16.2 17.3
2002/5/15 03:46 121.870 | 24.650 6.2 4.1 3.8
2003/6/9 01:52 122.020 | 24.370 5.7 4.7 4.5
2003/6/10 08:40 121.700 | 23.500 6.5 17.0 15.0

2003/12/10 04:38 121.400 | 23.070 6.4 10.5 8.8
2004/2/4 03:23 122.150 | 23.380 5.6 5.1 4.4
2004/5/16 06:04 121.980 | 23.050 5.7 3.9 3.6
2004/5/19 07:04 121.370 | 22.710 6.0 4.8 4.9

2004/10/15 04:08 122.850 | 24.460 7.1 7.8 7.9
2004/11/8 15:54 122.760 | 23.790 6.6 5.3 5.0

2004/11/11 02:16 122.160 | 24.310 6.1 2.1 1.7
2005/2/18 20:18 121.670 | 23.340 5.6 4.1 34
2005/3/5 19:06 121.840 | 24.650 5.9 2.2 2.8
2005/3/5 19:08 121.800 | 24.650 6.0 3.2 3.2
2006/4/1 10:02 121.080 | 22.880 6.2 4.7 4.5
2006/4/4 19:30 122.760 | 24.490 5.8 0.9 0.8
2006/4/15 22:40 122.660 | 23.970 6.0 3.0 3.1
2006/7/28 07:40 122.660 | 23.970 6.0 1.8 1.8
2006/10/9 10:01 119.830 | 20.700 6.0 1.3 1.0

2006/12/26 12:26 120.560 | 21.690 7.0 11.4 9.5
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2006/12/26 12:34 120.420 | 21.970 7.0 11.3 11.6
2007/1/25 10:59 122.030 | 22.630 6.2 4.6 3.8
2007/7/23 13:40 121.640 | 23.720 5.8 5.7 3.5
2007/8/9 00:55 121.090 | 23.650 5.7 1.3 14
2007/9/6 00:00 122.250 | 24.280 6.6 6.7 5.3
2008/4/23 18:28 121.679 | 22.870 5.6 1.8 2.0
2008/5/10 19:42 122.530 | 23.950 5.6 1.5 15
2008/6/1 16:59 121.790 | 24.860 5.8 1.1 1.3
2008/9/9 07:43 122.630 | 24.610 5.9 1.1 15
2008/12/2 03:16 121.490 | 23.340 5.6 6.7 5.5
2008/12/7 21:18 122.200 | 23.850 5.9 2.2 2.0
2009/5/26 22:27 119.550 | 21.740 5.7 0.7 0.6
2009/7/13 18:05 122.220 | 24.020 6.0 3.0 3.0
2009/7/29 16:53 120.480 | 22.050 5.8 1.2 1.3
2009/10/3 17:36 121.580 | 23.650 6.1 8.0 6.3
2009/11/5 09:32 120.720 | 23.790 6.2 26.3 22.6
2009/11/5 11:34 120.760 | 23.770 5.7 17.1 15.2

2009/12/19 13:02 121.660 | 23.790 6.9 21.5 24.2

43 =¥ R %

AT AR BB RES & 0 3% 2016 # 3 NCREE i {7 e 2 iR b
SRBRTHEAVHA c D Ao 212 Horik > BB RSP BEL T 8
Setra B #F K& 4vid & & ~ LVDT =43+ ~ 5 R & & % P-Alert - 1345 Yinetal.(2016)
SR 3 PP o Setra 4vid B K im0t s v P-Alert B o # @ = A2 G o P-Alert
B H5 Setra thw 4 2 — (Hsu et al., 2018) o 5 7 #8353 P-Alert %44 i & & iRl
2t o AL ERREEF B DS RRETITE 0 R Setra & P-
Alert #73+ 5 9 % ehi= 4% 5 % ¢ LVDT #riercrd % & B =4 > 1 j& P-Alert &k ¥
AR o

95 2.1.2 @97 cm A F B > MTF TR % - Bk :‘:‘—é.'—‘f##’;"i
Ed SRAPEFDN R AT eS > P AR P EHTE D B 48 1o 0 F R D
XY Zzrp i llar ~15ar 11728 om A &d _"XTT#T'&,?:P_
*URE CHF BB ST Z RS

FHmAZT H VY ST B 49 R ARR o 2R F T T AT AR TS

F_&

B B85 ¢ v wE (White Noise, WN) ~ El Centro Earthquake (4% # pF R 1940 & 5
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Workflow from shaking table:

Fundamental mode (Case. 1 ~ Case. 6)

I
I Dataset :
Dataset I
| T I l
. ] |
: Select Signal Source: Sﬂe%\fiitgélilof’szurce‘ I
I EL -~ TCU : :
I
: ‘ Select Intensity: :
: Select Intensity: 50 gal :
I 50 gal ~ 100gal + FDD-SVD |
: SVD Find building mode j

Determine Frequency Find Mode shape

Estimated inter-drift

Input acc. data

CPSD | Cross-correlation

»

Butterworth filter
(Zhu et al., 2020)

Demean

Detrended by LSM
(Dan et al., 2019)

«— Integrate a(t) for v(t)

Integrate v(t) for d(t) [«

Inter-story drift

Bl 49 R o SRR S 425 AL A 3

Edit=a k47 3
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% 4.7

E=S T N~ 3 % f;lj:fﬁf:} ‘ﬁ"q;’fj’p@ *

B BRI G P~ L
Case 1 i
Case 2 2F { Hedma X 3F
2F =7 — § 4 e
Case 3 (5cm*15cm 4E75) | WN 50 gal ~
2F *» & 1§ 43 % El Centro 50 gal ~
Case 4 * s
(5cm*15cm #£35%) El Centro 100 gal -
R A
Case 5 élli ; ? éjﬁ_;: TCU068 50 gal
o By
Case 6 2F 277 i

6F 7 & if 41 4r
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Chapter 5 £2%23i#%

bhFE MM AL AT S 0 1 AR Y S B g R
oL 2037 P-Alert J A BRI G L BY 2o
51 P-Alert adrcd 22 5% 24

= 1B f# P-Alert & F "FhBHES Y EFFGRRIGN A ARFRILEFL L
(1) f‘%f#%%ﬂfé@ﬂfﬁi# AL Ak 2 ] s Q)RR T A 2 A 4T o BB Y
B A iR 0 S P-Alert & FEH Y WS I G AR SR E .
511 %) ‘*ﬁ_,}vvﬁg#\a{p

ARD SR 0 AR G S0gal v BRILG R UEL TR B R A R
(Singular Value Decomposition, SVD):& 73 5.4 47 o f& @] 5.1 ¥ L > Case | A df
BARET o b ARRIEEAR ST G ORI F Y 0 ¥ UEZR T 301 Hz NI A
AAFFMEL > pL b A IS THz ¢ MELRIFI B PFRCE BN o - It
4 Bk 5 (Case2 I Case6)z. % 4@ 5.2 2 B 5.6 477 » ¥ L L4515 % b % avn
A 284Hz IR AAMFAELA L o PR EM T GHPF S RGFGAART E B
ERHE P RREAE TR o

¥ - 25 o - P-Alert £2 B 4 & 4vi# & & Setra i 7R AR H > B 5.8 e
Bl 5.8 ¥ 2 Wt @3 K T o P-Alert #1351 k chRCfE % 14 22 % Bl e Setra #7 {8
SRAp e tp 2 b de@l 5.9 fe W] 5104 AT AR RHEEARY 0 A RE A

WA AR o pH RGP o P-Alert B2 G MR AR RIE o v R B AR HAE S 2 A

RN RN R R S

43

doi:10.6342/NTU202502193



B 5.1

Bl 5.2

Amplitude

1 X 3.11688
Y 0.189183

10

Singular Value Spectrum

X 15.7576
Y 0.556249

1st SV
2nd SV
3rd SV

I Il I

107
0 2

Case 1 hSVD » 11 5t kb FH H 5 B2 ¢ MG -7 SVD % -

8 10 12
Freqency (Hz)

d L -FFSVD SR 0 d MLZFFSVD S % o

X 15.7644
. 'Singullar Valfxe Sp?ctruml Y 0.594901
X 2.85838 s
Y 0.134064 1st SV
L i3 2nd SV
107 F 3rd SV 3
102 ;
S 1073 3
2
é
< 104} 5
10°F E
106 ;
10.7 ' ! ' ' ! ' !
0 2 4 6 8 10 12 14 16 18 20
Freqency (Hz)

-

Case2 e SVD » 11 Gt b X H H 5% B2 ¢ MG -7 SVD B % »
% SVD & % o

FFSVD 2% » 2d 8L =]

44

d0i:10.6342/NTU202502193



Singular Value Spectrum

0
X 2.85344 Y X 15.6507
Y 0.104436 ond SV Y 0.986026
10F H 3rd SV | 3
(] 4
e
2
:é_
< 104} A ;
10-5 L
108 ;
10.7 Il Il Il Il Il Il Il Il Il

0 2 4 6 8 10 12 14 16 18 20
Fregency (Hz)

B 53 Case3 #1SVD A {7 HFm B $ S B2 ¢ &5 - 1 SVD %
d Z-FFSVD RS 2d REZZFFSVD 2% o

0 Singular Value Spectrum l X 15.6169

- - | Y 0.379082

X 2.84728 1et SV f—
Y 0.0710526 s &V
H 3rd SV

1072

Amplitude
=
£

—_

S
2]
T

0 2 4 6 8 0 12 14 16 18 20
Fregency (Hz)

108

Bl 54 Cased4 chSVD ~ 11 S REFH S5 B2 4 W5 -7 SVD g% »
d A-FFSVD S % > 2d ML= SVD % -

45

d0i:10.6342/NTU202502193



Bl 5.5

i _ Singular Value Spectrum X 15.6114
X 2.8621 Y 0.25429
Y 0.115714 1stSV N
iO°TE - 2nd SV 3
3rd SV
102 3
S 103 -
2
é
< 104 -
10°F :
106 | -
10“7 ' ' ' ) ' ! : L 2

4 6 8 10 12 14
Freqency (Hz)

Case 5 7 SVD A 41 gt ird W G 5 B2 ¢ G- P SVD &% - F

X 15.6507
Y 0.49307

d A FFSVD SR i2d MLZFFSVD S % o
o Singular Value Spectrum
Y 0.0995034 '
i 5 2nd SV
10 3rd SV

Amplitude

4 6 8 10 12 14
Freqency (Hz)

16 18 20

Bl 5.6 Case6 1 SVD ~ 1 SR FH 5% B:2 4 W5 - 17 SVD g% »

d 5 SVDEX > d 5=

46

¥ SVD &% o

d0i:10.6342/NTU202502193



Mode Shape 1
: : .

T Location of poles
90°
6l 120 1 60
0.8
150° 0.6 30°
E 5 0.4
g 0.2
z4 180° 0°
3]
2
L 3l
210° 330°
i 240° 300°
270°
1 -
0

- 0.5 0 0.5 1
Amplitude

B 5.7 P-Alert & Casel &4F i 4 P AA#H B )54 B

, Mode Shape 1
. ; .
r Location of poles
90°
6l 120° 1 60°
0.8
150° 0.6 30°
£ 0.2
Z4 180° 0°
<}
o]
w 3t
210° 330°
2 240° 300°
270°
1 L
0

-1 0.5 0 0.5 1
Amplitude

B 5.8 Setra & Casel £ 4 5 :F 1 7 AHIL )k 5B

47

d0i:10.6342/NTU202502193



Mode Shape 2,

8 3 )a
— — —Filoor plot
7t —S— Mode shape | |
6.
5.

Floor Number
oS

-1 0.5 0 0.5
Amplitude

Location of poles

90°
120° 1 60°
0.8
150° 0.6 30°
0.4
0.2
180° 00000 0 O 0°
210° 330°
240° 300°
270°

B 5.9 P-Alert & Casel & 3F 1§ FH 7 F FF A2k

Mode Shape 2.
. . Vi
— — —Floor plot
7} —— Mode shape |
6.
5.

Floor Number
F =S

-1 0.5 0 0.5
Amplitude

Location of poles

90°
120° 1 60°
0.8
150° 0.6 30°
0.4
0.2
180° o0 000 O O 0°
210° 330°
240° 300°
270°

Bl 5.10 Setra 7 Casel & AF % :#8 ¥ B FF A 274 vt LB

48

d0i:10.6342/NTU202502193



512 & B =4 an® i Pl

PeiRBR Y ATl * ik B & 5 P-Alert~Setra B 4 B 4vid B % & LVDT =4 35
%@33%%ﬁ%%iﬁﬁéﬁﬁ%@aﬁigﬁbﬁoiiaﬁ%ﬁwﬁa%%
1999 £ & B+ & wiplxk TCU068 #rizdkenteid R k22 El Centro ¥ & 4vid &
F

o

=

=

SOREAEY EEMRA 2 DY > B8 (7 P-Alert &2 Setra B H & 4rid B

KRG AR B S BAPE T BEERAZE R AT OB AR
B %% B 2)4 Bl HH s P-Alert #7118 chi= 4 % 1t &2 LVDT if$ 3+ #7 8 Bl E
FLE T 4o 4o 5L X B S04 477 > A EEE /A I E Y SRR AER
d Peid 2 S F I W AT T

A4 od AT h? EPIRAEITE R KT =

/

BB EFAMUN LR AR L
* e Ormsby ok B € & & ME 5L
# > 4@ 5.15 f-® 5.16 #11 o

Comparison of Displacement Data (EL_50)

—— Test Data
21 | ---- Huang Data
--- Lo Data

Displacement (mm)
(=]

T v v T T
0 20 40 60 80
Time (s)

B 5.11 Casel: % EL 50 3u%L¢ P-Alert 3§ iz & B =45 +* # Bl

Comparison of Displacement Data (TCU_50)

2 4 4 —— Test Data
--- Huang Data
--- Lo Data

Displacement (mm)

Time (s)

B 5.12 Casel: & TCU_50:5.¢ P-Alert 3¢ & & ¥ =245 v* # [

49

doi:10.6342/NTU202502193



Zoomed Comparison Around Max Displacement (EL_50)

—— Test Data
7 ---- Huang Data
-- Lo Data

Displacement (mm)
a

B 5.13 Casel: & EL 503n5.7 P-Alert & =~ & A =4 %0 {3 2 ) 4= & B

Zoomed Comparison Around Max Displacement (TCU_50)

2 4 — TestData P
---- Huang Data
-- Lo Data

Displacement (mm)

26.6 26.8 27.0 27.2 27.4
Time (s)

Bl 5.14 Casel: % TCU 50 :5L¥ P-Alert = & B =8 3 18 2 f) 3= 6 )

FFT Comparison of Displacement Data (EL_50)

—— Test Data FFT
---- Huang Data FFT
-~ Lo Data FFT

1400 4

1200 1

1000 1

800

Amplitude

101 10° 10!
Frequency (Hz)

Bl 5.15 Casel: % EL 50 3 %7 3¢ & & B 4 47 3 )

FFT Comparison of Displacement Data (TCU_50)
1000

—— Test Data FFT
---- Huang Data FFT
-- Lo Data FFT

Amplitude

Frequency (Hz)

Bl 5.16 Case1: % TCU_50 59 3f fp & ¥ 4% 47 3% B

50

doi:10.6342/NTU202502193



- b fi P-Alert ¥2 Setra & M R 4vif B R ATE B =H g S 4cRB 5.17
0 bR IR AAUF S 1 il 8 LVDT @3 5 0 kenfple 1o
# 0.7~1.0Hz ¢

4 i Bk HEE 0 boB] 508 4R o BA R aE

-\

: ;—hi’_%_ f;ﬂj ) B

SI9ZR 5229 g Rl e Y F RSP g o B RPITRET FREL

e

Bty b 13—_? Jopt Eﬁ%ﬁ%%i*ﬁﬁiﬁa%}p\ » P-Alert &7 Setra = —‘5 >

FEE R R4 > B P-Alert ’&_‘*fﬁf;f%a/? FER EZ RS BRI E o

Comparison of Displacement Data (TCU_50)

—— Test Data
24 ---- palert Data
---- setra Data
1
E
g
E
I
8 -1
&
a
2
_3
0 20 a0 60 80
Time (s)
B 5.17 Casel: & TCU_50 ;5.7 P-Aler £ Setra 93f iz & ¥ =43 v # [
FFT Comparison of Displacement Data (TCU_50)
1400 —— Test Data FFT
---- palert Data FFT
---- setra Data FFT
1200
1000
L1
S 800+
£
£ 600
400 -
200
il ™ .
0
1071 10*
Frequency (Hz)
B 5.18 Casel: % TCU 50 :n%5¢ P-Alert ~ Setra 3¢ i3 =45 &2 F ¥ (= # 47 3% )

51

doi:10.6342/NTU202502193



FFT Comparison of Displacement Data (TCU_50)

1400 4

1200 1

1000 1

Amplitude
@
2
8

600

—— Test Data FFT
---- palert Data FFT
-~ setra Data FFT

B 5.19 Case 3:

10° 10!
Frequency (Hz)

% TCU 50 235 ¢ P-Alert ~ Setra 3f i 4% 22 8 ¥ 1 43 47 3§ [F)

FFT Comparison of Displacement Data (TCU_50)

1400

1200 1

1000 1

Amplitude

—— Test Data FFT
---- palert Data FFT
-~ setra Data FFT

B 5.20 Case 4:

% TCU 503 %5.7 P-Alert ~ Setra ¥

10° 10!
Frequency (Hz)

o A% B R AR R

o

FFT Comparison of Displacement Data (TCU_50)

1400 1

1200

1000

Amplitude
m
]
g

600

—— Test Data FFT
---- palert Data FFT
-~ setra Data FFT

10° 10!
Frequency (Hz)

Bl 521 Case5: & TCU 50 3u557 P-Alert ~ Setra 3f i3 (4% 27§ ¥ (= 4% 47 3 B

s

FFT Comparison of Displacement Data (TCU_50)

Amplitude

—— Test Data FFT
---- palert Data FFT
-~ setra Data FFT

10° 10t
Frequency (Hz)

Bl 522 Case6: f TCU 503557 P-Alert ~ Setra 3f i3 (4% 27§ ¥ (= 4% 47 ¥ B

52

doi:10.6342/NTU202502193



52 P-Alert 2§ B $ it i

1395 Chapter 4 #Tk B eni 44 T3 > A &1 & A 3 o3| 404 ~ § 538
S E R R
521 H AP EPI R RFE Lk

b HcP-Alert =kt B P WHERE - S E RRRE 0 50 u D B
AAEF > PFERLE? L FRFRETRIRNE LTHREELS T o 4oB 4.1 7
oo LBl 2024 F 40 3 p EER BAUTER S B EH2 FRE S P-Alert i
shen A OB o 444 dERlsk 0 AT B & & 2022 EA42 % 2024 & 8 0 R o
B R ML> 6.0 tk B (7 B4 5 e 3 o

" WATS £ Bl 5 b S B 523 s A13EL 3 EUPI sk A1 B o0 PGA i
oo RIS SRR B 6 R B G R F o £ AR5 B R PGA>80gal > Rl
T AR 45 P E - AR T0Hz o doB) 524 i o SR R gL
AT A T OUE RS 26 019 f)F R STUEA 4 > doB] 5.25 ST o UE
RISl B s et BLR B TG F B @ 1 Bl Moo 50 R R
Mo SR S AT gEd B BRI A R RASTHY G s A gRE UL B

TP 2k PGA>80 gal pF » 8% ) %k *Jf#«’rﬂ F P 5 0.67 )0 @ PGA<80gal p »

B ) 5 035 )0 do Bl 526 0 o d R S MBS R fE
g B Rk e Pl i R G B o

OB VAR AP TR HRGER BB M PR REETE
ML4.0 2 °® & §F 4% &R ZRIFNERTE 45 EP| Ui aw REEL
96 4 - B 5.27 4-®] 5.28 BEor W475 %% W) =k £ 2022 # 3 2024 & 8 1 A =
FEOPCGA R AT o 5 BE AR F AT E - Pl id g
w|EFER ¢ Rk PGA § M 0§ Rlxk PGA >80 gal FF 7 r2 {8 R w2 B4 e
#F 0 F A PGA<80gal » Bt sl yipts S5l R ¥ EREHIRFFF G 3
GRS 0 doBl 529 #rT e

lp E‘r"]‘g

53

doi:10.6342/NTU202502193



20220917 - Seismic Data

20240403 - Seismic Data

0.008 1 --- EQStart --- EQstart
——- 0.15 i
0.006 EQ End £Q End
-—- End + 60s -—- End + 60s
0.004 1 0.107
0.002 4 0.05 -
© 0000+ © 0.00 o +-
—0.002 —0.051
—0.004 A _0.104
—0.006 - o154
~0.008 -
T v , . . : T .
0 100 200 300 400 500 600 0 300 400 500 600
Time [s] Time [5]
20220918 - Seismic Data 20240423 - Seismic Data
[} |
Lo g -=- EQstart 0.15 1 a9 8
0.034 ol bl g --- EQEnd a3
iR =11 N = &
1 === End + 60s 0.10 1 ik
0.02 1 ! [N}
: it
i 0.05 A I
0.01 1 |
1 |
|
0.00 =
@ o0 @ ! o
| 1
-0.05 HH
~0.01 il
[}
—0.10 4 R
—0.02 A i i --- EQ Start
| _0.15 4 i --- EQEnd
—0.03 ! R --- End + 60s
1 11
0 100 200 300 400 500 600 0 100 200 300 a00 500 600
Time [s] Time [s]
o N S RS 1 R 3 |
B 523 W475 £ % B ML>6.0 22 % 2% A B:(A)2022/09/17 # * & g A

Bl - (B)2022/09/18 B L3 E ikt 7] Bl o (C)2024/04/03

a-

(D)2024/04/23 7=

20220917 Spectrogram

20.0 - =
Bas
PGA 8 gal “
1504 - _80
¥ 1254
> -100
2 10.0
o
3
g 75 =Xz
&
301 -140
2.5
-160
0.0 - —— . -
100 200 300 400 500
Time [s]
20220918 Spectrogram
20.0 —
- : ’.i-:"fj =54
17.5 gai
~ -60
15.0
Fusf 80
o
2 100" = -100
3
= .
o 758
& = -120
5.0
: -140
2.5 1 5
0.0 — : " £
300 400 500
Time [s]

B 524 H=

A
(B)2022/09/18 B L

B MLZ60F 2

a-

Tl»

2_ P Bl (A)2022/09/17
A A B - (C)2024/04/03 7=

R AAE e

CiEr A

) ﬂljg] °

T R AR -

20240403 - Spectrogram

Frequency [Hz]

300 400

Time [s]

100

20240423 Spectrogram

Frequency [Hz]

400 500

360
Time [s]

AR -
2 A B - (D)2024/04/23

Al A

fra

V

54

doi:10.6342/NTU202502193



Max Sa=0.00g

20220917 - Response Spectrum

Max Sa=0.07g

20240403 - Response Spectrum

10

0.0025 FET=T.73 at T=(.15;
—_— sa 0.07 —_ sa
0.0020 0.06 4
0.05 1
0.0015
G 5, 0.04 1
‘R 0.0010 4 {R 0.03 1
0.02
0.0005
0.01 1
0.0000 {4 i i i i i 0.00
0 2 4 6 8 10 0 2 4 6 8 10
T(s) T(s)
Max 5a=0.01g 20220918 - Response Spectrum Max 5a=0.03g 20240423 - Response Spectrum
TT=1.07 at =420
=— 53 — 53
0.010 0,035
0.008 1 0.020 1
5 0.006 4 S 0.015 1
A &
0.004 0.0104
0.002 7 0.005
0.000 | 0.000 1 J
0 2 4 6 8

T(s)

o4
[

B 5.25 H:bAlsdEd MU>6.0 F 2 2 F oz (A)2022/09/17 # ¢ 3 BA AW ©

(B)2022/09/18 B i3+ E ik 2| W] © (C)2024/04/03 =iE 2

PGA: 8 gal

Deconvolution Spectrum-20220917

A

PGA: 178 ga

# 2§ - (D)2024/04/23

econvolution Spectrum-20240403

3000 ® Periods: 0.35 sec 500000 ® Periods: 0.73 sec
v 2 400000
S 2000 g
= £ 300000
2 4
£ 1000 £ 200000
100000 —
0 A o oy
107% 100 10° 107! 10° 10!
Periods [sec] Periods [sec]
PGA 30 ga&econvnlution Spectrum-202209181 PGA' 85 galneconvmution Spectrum-20240423
12500 ®  Periods: 0.43 sec 100000 ® Periods: 0.68 sec
o 10000
3 )
2 7500 El
s‘ 5000 E‘ 50000
2500 25000
o 0
107! 10° 10 10-1 100 101
Periods [sec] Periods [sec]

B 526 H =355 ML=6.0 F 22K B 5 B (A)2022/09/17 # F = R

A B - (B)2022/09/18 B Lk E 3| B - (C)2024/04/03

i R AR -

(D)2024/04/23

55

TS RARR -

doi:10.6342/NTU202502193



Bar Chart of Earthquake Time vs. PGA
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10. 2024/04/27 02:49%* 13.2 gal
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%52 P-Alert b3l H Y 2P RS B 5 4

5. 2022 14.6 gal 0.46 Hz 0.85 Hz

6. 20RO 66.8 gal 0.46 Hz 0.43 Hz

7. 2024/04/03 228 gal 0.46 Hz 1.86 Hz
10:14

8. 20%‘;/: g‘g 23 15.0 gal 0.46 Hz 0.78 Hz

11. 20%‘;/%88/16 17.5 gal 0.44 Hz 0.78 Hz
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® 1st mode (Hsinchu)

3D Plot: Sa(T1) vs PGA vs Mode | 1 node (Tcusa3)

A 1
A A A A A 2.5
m“t t A AA
T20
=)
@
T 15 '8
=
T 10
Sa(T1) (G)
Bl 540 % b R 5 2 5 R %8 PGA ~ Sa(T1)M 4 -

2D plot: PGA vs. Sa(T1)

e Hsinchu o]
s TCUBA3 B
--- Regression (Hsinchu) o /’/ PRar
--- Regression (TCUBA3) Lerod
° ¥ iad s
/" 4”
‘,/‘ "/’
o 0o g os
a o M a0,
10 - -
- (4] -
"0 A A
g st =l o
ol o X A
> o8 AA 7 A i
’/ ’ A
o A pg
”
/’/” r’,’ i
-* s
/’/, , A
) I i A
/,/ ‘
A
‘,/ A A
100 4-—A s
5 A
4
€. A
1072 107!
Sa(T1) (G)

Bl 5401 5 =231 R 45 @ B R S8 7 3 RIS R
bl BAMEVRT o AT R A ZFEERBHRAE S G R T B
Sa(T1)¥ PGA it 17 v i 3 I LM-MI i & chi=# £ 5% (B 5.4142) > 7 5iF 1999
EBBE R 2024 ETTES R 2025 FE A HH BRAI R T UFIRE B RS
65

doi:10.6342/NTU202502193



B =T Pl e PGA 5 245.85 gal» i3

7

» Bt - 1
M 2024 & T Bom PRI PGA 5 66.7gal 0 i3

=
=

BB S B E S

WA

SRR B Nk Rl
DA e ¥ TS IRl ¢ o (TR RSN 205 450 < Rl R 2,01

o BR%EL LED P-Alert g R¥ ¢ BRI O FoF e
f 5.7 o
Displacement vs PGA Displacement vs Sa (T1) Chichi M7.3
—n Hualien M7.2
101 4 om Chichi M7.3 14 4 r -
Hualien M7.2
NansiM6.4  eqg "= ® * o =t
z \ . e z NansiMe.4 _® o "
$w e NS $w Tider - L
: RO : -t .
g e g > o -
= " (] = =
& L] 3 L] l
2 2 .
101 g 1072 4 1
@ lLarge M, Major \nlens!ly
. . S et i ey
Small M, Small Intensity
1:'1" 1;1‘ 1&2 mI*’ m'*? 10'*‘ 10°
PGA (cm/s™2) sa (T1) (6)
Z 3 % ' % %
Bl 5412 5 =418 45 2 FAR3le RE S22 -
%053 Al FH:1999 & B EE R 2024 E TR R 02025 £ L R
B E R S0 R
BEE R
\é X pa [ L A= A 4 ) [
1999 & § B+ B | 2024 £ {EiEF B | 2025 &4 5B R

5 & 5k

ST o H TCUBA3 FTH RS e
PGA-Y 245.8 gal 66.7 gal 11.5 gal
b B A 15.15cm 8.55 cm 0.90 cm
Sa(T1) 0.7527 g 0.1418 ¢ 0.0228 g

b At T s A

T Az

eig(X

S )ik B A B G

R 45 27 Sa(T1) ~ PGA i (714 > +of] 542 # MATH R % @ F ehi B R

,T‘\:")gfﬁg

b

66

FREEFREEHE T

o

A REE R

doi:10.6342/NTU202502193



Displacement vs PGA Displacement vs Sa (T1)
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Inter-story Drift Ratio Angle (radian)

Comparison of 4F and 7F Displacements
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Chapter 6 %%
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Tri-axial MEMS Tri-axial force balance Linear accelerometer
accelerometer accelerometer
-2g~+2g “4g~+4g -15g~+15¢g
$ 1,600 $ 6,000 ~$ 12,000 $ 12,000
75

doi:10.6342/NTU202502193



o B E Y BHF A LS B &

¥R TR R A E
2024/9/13 12:59 | 121. 696 23. 96 5 29. 2
2024/9/7 13:16 | 121. 692 23. 96 5.3 29.5
2024/9/2 16:26 |  121.64 23.93 5. 6 32.7
2024/8/22 09:23 | 121.513 24. 04 4.3 18
2024/8/16 07:35| 121.705 23.78 6.3 19.4
2024/6/23 22:27| 121.619 23. 83 5.5 23.8
2024/6/1 01:10 | 121.533 24. 06 5.5 18. 1
2024/5/30 07:54 | 121.754 24 5.3 26. 7
2024/5/24 03:29 | 121.563 24. 03 4.1 7.5
2024/5/22 16:00 | 121.739 23. 83 5.3 5.9
2024/5/12 05:47| 121.582 24. 03 4.1 8. 1
2024/5/11 19:09 | 121.585 23. 93 4.4 9.5
2024/5/11 13:16 | 121.629 23. 87 5 6.5
2024/5/10 09:37 | 121.607 23. 85 5. 1 6.7
2024/5/9 20:36 | 121.602 23. 91 4.6 1.1
2024/5/6 17:52 | 121.541 23.75 5.9 24.8
2024/5/6 17:45| 121.562 23.77 6 27.17
2024/5/3 17:35 | 121.594 23.9 4.1 10. 4
2024/4/28 03:24 | 121.615 23.93 4 9.8
2024/4/27 02:21 | 121.675 24.18 6.3 35.5
2024/4/25 07:53 |  121.61 23. 92 4.5 7.1
2024/4/24 17:23 | 121.611 23. 92 4.5 10. 8
2024/4/23 21:29 |  121.61 23.93 4.1 6. 1
2024/4/23 19:13 | 121.599 23.91 4.6 9.6
2024/4/23 18:31 | 121.582 23.9 4 8.8
2024/4/23 18:22 | 121.578 23.93 4.1 6.6
2024/4/23 13:08 | 121.515 23.79 4.5 5
2024/4/23 10:23 | 121.602 23. 89 4.7 8
2024/4/23 10:21 | 121.541 23. 86 5.5 8.9
2024/4/23 09:45 | 121.575 23.81 5. 4 7.4
2024/4/23 08:16 |  121.56 23. 85 4.8 2.3
2024/4/23 08:15| 121.584 23. 89 4.5 2.8
2024/4/23 08:11|  121.59 23. 89 5.2 11.6
2024/4/23 08:04 | 121.572 23. 84 6. 1 1.7
2024/4/23 07:17|  121.59 23. 92 4.1 3
2024/4/23 05:31 | 121.541 23. 85 5.7 7.7
2024/4/23 05:19 | 121.537 23.176 5.7 5.8
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2024/4/23 05:14 121. 523 23.75 5.1 N
2024/4/23 05:04 121. 507 23.7 5.9 4
2024/4/23 04:52 121.518 23.777 5.4 6.7
2024/4/23 04:49 121. 564 23.74 5.8 8.8
2024/4/23 04:07 121. 528 23. 89 4.4 5
2024/4/23 04:03 121. 604 23. 83 5.2 8.1
2024/4/23 03:34 121. 56 23.78 5 6.8
2024/4/23 03:19 121. 555 23. 86 5.2 7.9
2024/4/23 03:13 121. 548 23. 87 4.8 5.1
2024/4/23 02:35 121.574 23.9 4.6 6
2024/4/23 02:32 121. 521 23.85 6. 2 1.7
2024/4/23 02:26 121.613 23.774 6.1 9.2
2024/4/22 22:11 121. 502 23.778 5.9 8.6
2024/4/22 19:13 121. 534 23. 82 5.4 8.2
2024/4/22 18:50 121. 545 23.75 5.7 6.8
2024/4/22 18:49 121. 531 23.75 5.2 6.6
2024/4/22 18:46 121. 532 23.76 5.9 5.4
2024/4/22 17:52 121. 581 23.777 5.2 9.5
2024/4/22 17:15 121. 516 23.777 5.1 4.9
2024/4/22 17:12 121. 541 23.79 5.3 8
2024/4/22 17:08 121. 54 23. 76 5.6 10.3
2024/4/13 22:26 121. 545 24.03 5 13.5
2024/4/9 06:14 121. 696 23.99 5 27.6
2024/4/9 02:02 121. 656 23.94 5.4 35.4
2024/4/7 05:15 121. 722 24. 04 5.2 21.5
2024/4/6 18:47 121. 666 23.94 5.3 34
2024/4/6 11:52 121.728 24.19 5.3 20.5
2024/4/6 04:26 121.775 23.97 5.4 26
2024/4/5 17:04 121. 655 24.03 4.9 29.8
2024/4/5 12:50 121. 697 24.12 5.9 18
2024/4/5 10:10 121. 579 23.93 4.3 11.8
2024/4/5 02:35 121. 656 24.17 5.9 30.9
2024/4/4 02:29 121. 762 23. 81 5.4 19.2
2024/4/3 16:56 121. 631 24. 07 4.8 14.9
2024/4/3 15:24 121. 587 23.99 4.5 13.7
2024/4/3 14:31 121. 522 23.91 4.8 11.3
2024/4/3 13:38 121. 566 23.93 4.1 7.6
2024/4/3 11:97 121. 601 23. 81 5.2 27.8
2024/4/3 11:20 121. 642 24.16 5.2 32.8
2024/4/3 10:14 121. 976 24.15 6.2 26.9
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2024/4/3 09:53 121. 544 23. 87 5.2 15
2024/4/3 09:39 121.773 23.8 5.6 20. 4
2024/4/3 08:50 121. 572 23.83 5.9 20.5
2024/4/3 08:46 121.7 24.19 5.6 6. 1
2024/4/3 08:37 121. 56 23. 96 4.9 12.7
2024/4/3 08:17 121. 699 24.04 5.4 31.1
2024/4/3 08:11 121. 651 24.13 6.5 13.4
2024/4/3 07:58 121.574 23. 88 7.1 19.7
2024/3/21 18:49 121. 525 24.08 5.3 21.3
2024/1/20 02:01 121. 608 23.9 4.1 10.9
2023/7/10 06:11 121. 513 24.05 5.3 20.1
2023/2/17 09:22 121. 47 23.94 4.6 18
2022/12/15 12:03 121. 845 23.778 6.9 16. 3
2022/12/8 00:54 121. 601 23.8 5.6 29.7
2022/9/18 14:44 121. 196 23.14 6.8 7.8
2022/6/20 09:05 121. 454 23. 69 6 1
2022/3/23 01:43 121. 428 23. 42 6.2 22.6
2022/3/23 01:41 121. 612 23.4 6.7 25.7
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