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FeHe

Tunnels, as a vital part of infrastructure, play a crucial role in connecting
transportation networks, facilitating economic growth, and reducing distances between
urban and rural areas. In recent years, multiple seismic events worldwide have resulted in
damage to mountain tunnels. For example, in the 1999 Chi-Chi earthquake, 49 tunnels
suffered varying degrees of damage, while the 2004 Niigata Chuetsu earthquake damaged
24 railway and mountain tunnels. Consequently, there is increasing emphasis on the
seismic safety of mountain tunnels. The previous assumption—that mountain tunnels,
protected by surrounding rock mass, experience smaller inertial forces than above-ground
structures and are therefore less susceptible to earthquakes—has been re-evaluated.

This study investigates the influence of source distance on the seismic response of
mountain tunnels. By analyzing monitoring data from selected case-study tunnels and
nearby seismic stations, the study explores the dynamic responses and damage
mechanisms under varying earthquake source distances. These findings are then utilized
to develop a three-dimensional numerical simulation method for mountain tunnels.
Finally, numerical simulation results are analyzed to evaluate seismic responses in the
case-study tunnel and provide recommendations.

Initially, this research reviews domestic and international cases of seismic damage
in mountain tunnels, discussing relevant influencing factors and methodologies
previously used to assess tunnel seismic responses. Field monitoring analysis involves
examining seismic data collected between 2014 and 2016 from the Jiabao Tunnel in
eastern Taiwan and its nearby seismic stations. By integrating data from fiber-optic strain
gauges within the tunnel and analyzing acceleration time histories, the study clarifies
frequency compositions and tunnel responses under earthquakes originating at various
distances. Results indicate that near-field seismic waves, which retain higher frequency
components due to limited energy dissipation with distance, contribute significantly to
tunnel damage.

For the numerical simulations, this study first conducted two-dimensional half-space
dynamic seismic field analyses in ABAQUS to investigate the influence of mesh size on
the results. A three-dimensional model representing the actual terrain was then developed
and validated against field monitoring data. Finally, the three-dimensional simulation

results were used to examine the seismic response at different tunnel locations. The results
iii
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show that in shallow-cover sections, amplitudes at certain frequencies are amplified,
causing the dominant frequency to shift between cross sections at the same monitoring
point. Moreover, seismic waves traveling parallel to the tunnel cross section exhibit
energy accumulation at the portal due to superposition of incident and scattered waves,
resulting in higher energy and peak accelerations at the portal than in mid-tunnel sections.
Therefore, design checks should specifically address portal and shallow-cover responses,
and the effects of near-source earthquakes must be explicitly considered.

Keywords: Mountain tunnels; Field monitoring data; 3-D seismic tunnel modelling
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Spalling

7/~ \

Compressive
failure

B 2.5 Myoken "%if % &4f ¥k {2 (Yashiro et al., 2007)
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e D)

detachment ‘

g/

4
Lining
detachment

o,

B 2.7 Wanatsu "% 3¢ 4§ #% -2/ (Yashiro et al., 2007)

Rock balt
L=3m

Shotcrete

Fiber-reinforced

precast board

t=50mm

" Crack repair
o {Grout)
T Joint repair
{Cast-in place
concrete)

B 2.8 4 ;=" if (Uonuma Tunnel)#2 48 1 /* (Yashiro et al., 2007)
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(S |
I‘\.\'Ld:_—:-’#";a'lf : /
(a) N Shearing-off lining cracks
spalling
(l]]]ID/ @

deformed sidewall
(h)

local spalling spalling of lining

Z, Bl(Wang et al., 2001)
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Q)% P E S ph A pE o PIE R H5 A 2 REET
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B)F S 2 RAT 73 £ dhiB R & e $2%3) (B 2.12a&b) °
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Tunnel
T I | ; S

B 2.10 *&if 4w %25(Owen and Scholl , 1981)

Tunnel during

P Tunncl cross section
wave motion 7 :
before wave motion

T1ete

(Comp.)

Tunnd

(Tenson) (Conp. ) (Teasion)

“Bottom™ (b)
Bl 2.12 %3 dhe % 4E % 25(Owen and Scholl, 1981)
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Tunnel Before
Wave Motion

Tunnel During
Wave Motion

4 4 ‘4\4
g Shear Wave Front

Bl 2.13 &3¢ 7o #FFH % 25 (Owen and Scholl, 1981)
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’
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!
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’ ’
/

/ Tunnel During
' Wave Motion

* Q 4 ’ ’4 4 4 ’ Q T\mncchforc

Wave Motion

Shear Wave Front

B 2.14 453 "% 7@ 4= #& % 25(Owen and Scholl, 1981)
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231 Mup&REAs
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FHEE R 2ZFA%e » A ER 03 2% o fATEINE A d LG 0 & R
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Hz~5Hz) 4cRl 215 - A % NG REFR 2+ RAL D VAT - Fl 4
fod oo R SRRSO 0 AR R B S BE O SRR R AR
P DT A PR T ok R S o~ B R RE S LT e S R
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>20D |

Propagation
direction of
incident wave

S
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diameter

absorption boundary \

Gzzrzr)

P- wave S-wave
u(t)=ugsin(wt)

B 2.15 @ ¢ 2 4 pF A 47 8@ #3](Chen et al., 2012)

0
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] -150-
-2004 L «
N
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-250 . .
0 2 3

S-wave velocity (km/s)
B 2.16 "kif #F7 30 3 I 6F & T 2 35 5 B3R 12 [](Chen et al., 2012)
Kung et al. (2018)i% 8 7 T~ 4 iz #c & f#t ot 48 ABAQUS » &% A& 900 =
© R 1000 2 % e g s Y s R0 2R B v e i 8 S ik HORR
Rayleigh i >t 3 £ @4% > 4o 2.17 #777 > FHAFA%E a2 F ¥ L PR
Rayleigh & (7% & et R & Jis o 3% % Kiom Wi 7F R &2 ~ 8F Rayleigh Lk & 9
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v i@ (h/A) &4t

L
TR IEY Py

| /4
§V-;vavc B
u(t)=u.sin(2xtf) D ‘Q 0
Beam
element

\ Infinite elements /
l

Bl 2.17 #icie $i-3] 3% & (Kung et al., 2018)
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(a) 39 # R=8m (b) 0.2
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B 218 2 g LR REFR > REMTEL RA SRS HE
(a)#h = (b)F 4 (c)#e¥ (Kung et al., 2018)
232 HBFEBE I FHRLZEKELS T
PAEA T AR R A K R S AT % B R TR Y 0
CHRE S BRI ERE EHARRT PR
Baziar(2016) % & lg#ede & F B 2 i iE ke ° R

B X R B R KA A e BT RE R R 4

> Moghadam and
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160 cm

1
1

100 cm

Viscoelastic Soil Free Field
absorbent

boundary

Rigid Base-appl§ acceleration
Shaking Direction
B 2.20 #ic i@ HEE 7] % 2 3% % (Moghadam and Baziar, 2016)
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Materials
Highly weathered mudstone

M Slightly Mudstone
Primary lining
=] Secondary lining

9

Bl 2.22 f & ki » ¢ Au= fdic @ $07) (Wang et al., 2019)
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boundary Fault zone Grade I11 boundary

B 2 At B e B oA (Li et al., 2020)
FQRO2D)FEEE = i 2 F o5 @ik s 4t AN ETRY
g BT RIFA > 2t i%iv%z;il]\ S RIT A R R AT R R
XA TR R TG S R LS LR

0© 7
o
2
—
Y
it
*o
A
-
-
e
1’&
>‘]'\

B FRFF AL RALRFEL §F AR AR 0 P R R 2
BRIT R 2ETIOREAE L 20 60 & 2 5 ¥ RRAR-T IS [0 3 o B pF s WRiE B R xben
PR ARE FARIT o A A reng ko % 5 U R 2 SoE R
Abaqus > 11 E R F AR L 4718 h’l‘ééﬁf&;% B R PR R TR A
EET L RF O BEHIREEHA 0 LRERIORE O RF £ RPFE S
FERFES > T h- %o S e R Y A4 A BT 2 0 PARGITR T
BoEL R d R E B ES 485 o

32

d0i:10.6342/NTU202504264



$3% R0 R
BERERY X RE RO R D B BAFC 0 AT EE LS
20 MEFRE TLAALH G 0 L BT 2 BT R ek 2014 &3 2016
EF L2 PREP RIRDCERFETH - AF LML E0SgE2FF -

Fhn ¥ FPOTE R REG R o BF ,m/?lgﬁiﬁﬂ@ﬁﬂrw AR
o SEERITA Y R RBREL S RE BT B AT R

E%ﬁwwgﬁﬁ@%&’ua%ﬁﬁﬂﬁ%aM$w%g@ww%ﬁ:ﬁgﬁ
PRSI S -

31 AF g BT RIRHE

311 X bR ¥ FFaLPER

ARG 2 O SR A e 300 20 chE e o B EI R
FAE  RMARETA-As 4% I3RE P LIV RRT AR 4
B E 2R 931028 0 F 6528 W9 o ¥e BB R B AN
5651 2% > &R 5 (121.078469°E, 23.151625°N)  #F7 1 B[f p 2008 # 42 7
PREFIRE BTN LEERFAE - REPRE N 20 A Rer B Ring
Rl o $ATRE R B mﬁ?uiiﬁwé?v%%iﬁomﬁﬂﬁé%ﬁﬁ’
Fabl Rx TGS R AR BefpRirEga g @# 45

B %%’i?i*§%=?%ﬁ'£( RSP - URC
#

B) EPRGE  BRERL S RH L LA

PN

N
-

SRR LG 10 2 AT E DG AE o o BB S A RE NN
R-G &8 A b o w B ALY 4055 R o BIVER S J RS L o i T
R ERBRTREIT AR HAR R EMBT R AR S HY
BRoOoTHF AP Ee PTHOIRGE > 2 ANEE G @2 PHEELEINR PHEE
¥ B (3E33%,2010; BF §,2013)° 145 %F & (2013) 4471 &
BOGREL s BRI F G420 05% SHz 2 -

312 hOGIEERT? & F kB Rl

% bl A %asp%ﬁﬁfv*ﬂi% BERZ 2 H S B RLRI SO
.%'_ﬂﬁﬁ}%fi,’#u i"‘}%ii (‘i"‘ﬁ‘\tﬁ}i%“"ﬂ - Jer K E S
33

doi:10.6342/NTU202504264



L Rhia 2 omie kB AT A (350 TTIN04L) » S5 A 5 (121.125107°
23.132434° ) > =vegaE KB X 523 22 0 BHRFARY 437 2% o ¥ = Eup
HRIKOT & A BRI E R Bl IfeA 1 (2R5L TTNOST) » S & & (121.02506
",23.187078°) » ANERE E A3 K 6.73 22 Ao A F MY 1058 2 ¢ o B 3.1

B AFTE R BIEE 2 TR T B

B 3.1 % bsgif & AT R sk A T R
313 %G EP ERRBLFXK
RERRERRF B APV EVREPRET Bo e Ry e
EE R B 32577 o BB i R KBRS ERY LA id R
Moo REEETR T ESRE P N B E o d BB R LR

RRF Y PR EREFROAAFIZE > FPRHE G AT AR TR,

T R332 2T R EP 2 RFMEE - T EREId AP EET R RE
T? e o ENFERE T U 335 2L B R E ARG 0 H G w2 dhicid
Bt ¥ ARG U 325 2% EGRE BG o H 1 j -z dhieiE B o AFT Y AT
B ohER ﬁfuiﬁ e ® TR ERETE 5B RE T 5 XFho 2 ERIe L
BlEE ;% Edhe 23 Yo g oo dr 30,84 3w i Zih vt 50 o 0T 7
ME @ B Em T EURET c e AT 3 e (LY 2 ) $ra g TE
CARE o yliEpEAs L oo
1o 4o B3 AL 30k Ao 2RI RIEE BEF & 1 2% o

£
i
(=)

34

doi:10.6342/NTU202504264



2. duik B3t A2 NEE A 3G Fik A % 3300 o
3. dviE B A3 N A e L RIA IR 4500
4, Hvik B A4 ot A 2w L RIRIEE FEF G 2 2R
5. 4vif B3N AS: iR Blo LRI RIE BER R 2 2R o

Bl 3.2 R0l p ERIREF B B(FKE #,2021)

AT TR 2 = phicid B R R B 5 SILICON DESIGNS, INC. #] 2 s 7
L ghviE B 4o 3-3(a)9Tm 0 AIELE 2460-002 0 H =+ 5 21 (%) x25
(B x25 (£) F5f > Bpl#H 2g MFLRFEFMS 01 400Hz > TR
2000 mV/g > # (T B F 5 —40°C I 85°C o FRHEE- 6 » AR ¥
HIOKI #2 4 2 F# 45 % (1% LR8431-20) B & 10 i #ij» » & Boik
% IMHz> %5 3% %5 100Hz & EE AR 0°CE 40°C o 40ig B3 Al

BOA2 Eh - SEBRB A S AL X T - 55 AS d R REHERT
Ao & L F BRI SD F R > Ep pd ks 24 L E RS 7 R
HPRF2ZBEREHELD M- D IR o
x4 %3 5 OSMOS Group #7# 2 kB G ap| €8 > - B &3040 w
FEY PRATA AR RIKE AR B N EHEE 2T A AR BHA
PIEHE SRR L o] R0 0 F & ¥ NRED B oW 3-3(b)#f
oo RBlE R L 25K 5 BIEFEI A L 0.001 ok 5 R ERAE A LT R

0002 FF » EHETRIFEELEEN2%; PIEHFEEF 100Hz; F B B ¥ Tpz
35

doi:10.6342/NTU202504264



FR > &7% BRERFRS-20°C R 60°C; R KA & 0.6x10°m/K 5 2
XRBATE TR FAd ML FIM4 £ % [00Hz 5¥E % - AR BII RS

P B R AL G- L GRFIEREEE L F G 50 L
IDECER </ St e

2460- BUE: ‘ l..

/

@ b
Bl 3.3(a)= fhte ik B R PR (b)R SR %
3.2 Bk B R AJILIN AR

,,:5;,} 4 pF o 4“@5‘;; g;a@'—er}f@f:ﬁﬁqyﬁv%(i}i o TE L—F“‘@*—ﬁfiﬂ y ¥

-

g rREBEAL N M EXFFRRBEE B RE DT EREPID
e RAMELY ¢ FAE B RIRARA AL o PERAT 2 REFELG M
ﬁ‘%éﬁiﬁfﬁfﬁjélﬁfu@ﬁif*f%@fﬁfﬁﬂﬁi&% P U B ARLE F BT R
TR o B > 7 W BN BB E g 2 TE- ke
¥ FHUFI ARSI BRI AT AR R R 2 50 L F R A
BBlEATE s Ae (E)~aw (N) @i s (U) =2 B> b ideid Biesh B
HAEEX S 200Hz o 12 p R b p TRATEE TR T (X)) 2E (Y)
B 2 (Z) 23wt R BRAESX S 100 Hz o 3358 PF4E A 7 8%
$8 Visual Signal & {7 20 52 > kJZ w4240 3.4 #7157 o

36

doi:10.6342/NTU202504264



[ Foifk E

i

[ BAR AR J

=
2
—

=/

A

)

FFT
H R E

!
[ B ]

!
e

B 3.4 3 BAvid BB AJD A7 )
321 B{F4ciE RFRF

AR TR 2B RS S AR AR AP L F % b BiRlE TINO4AL 1

s

#& % 3 (IMF)

ft"

i % Beik {8 3 A 5/
D‘ ol RS 5/ oy

HHT

2 TTNOS1 » #+B~ @2 E~N~U = = % 4cif BFPF 0 12 % Whif N = Pt id B 3597
TREX Y Z=Z w2 e R o
322 m i@

L F b BRIEEATE 2 Sk B BAELE-N-UZ A7
B2 PN EOR A AR Y R IR R X(EE R T F) Y(EE R
E)NZ(EA P w)3 48.86° 4 R AL > Flpt i * Galperin rotation > 4e3t 3.1 H#-
P R R BBl B BN AL TR Y R IR 0 2 T T

B AL {7 91 T 0

cosf sin8 0][-1 X
[E N U]|-sin@ cos8 O||-1|=]Y (3.1)
0 0 111 Z

323 i
BB R PR UL T 00 R 0 T 1 ARG T ETRA
37

doi:10.6342/NTU202504264



324 FiHEFE
TEALNFERFEARBPFFIFT L IF L E55%T 95%2
HtE S et 30
E = [ lacc(t)|?dt , (gal?) (3.2)
325 mi

54 %RE AL LIUZ F FAES - Chiuetal Q019)113 ¥ K Bl &
A 20Hz cnfE s » P F# FAEFEF A3 032 0.8Hz FIt 257 7 EH B *
Wik > WRT 0.8 1 20Hz 2 A F 0] > A5 R « gl 162 i R
oS g RBPRPE AR S N EFREE 2 EREZFE OSSR
B TEBTLESEHEHRRERHTLERE L LRI L -
326 ¥R RE

EEMR AL B B A R VO BB R RE X RS
Mz 3 RSl AP UTRY 20 R Sl i
(1) Arias Intensity: AT & 5 - 3 Ric Btk i - =3 RE Y TR 2 i & o
HoaNgeN 33

Al =% INCIGIRED (3.3)

(Q)PGA : B {8 2 vk B FEPF g o
(B)PGV : Rk =2 4eid R M A F P R TP E R E o

327 # EHFE

T EFEEE - AT
fEi 2 RPAE S R A inik o BN R RAMELY G A T EREE o H
W EREEFELA 2 0 R iAo 34

X(w) = [ x(t)e~@tdt (3.4)
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X(wp) = At Ti_y x(tk)e_i“’"t" (3.5)
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EHE ODFT “7g ok A 88 £ » FFT i #AF S0 £ 15 1 B2 38 8 oek o
Mok %1 it RFFPFIEF FFT {8 0 0 @ PI3 AUELY 3 ARG & A insg i 2
A T
328 # f o —F &%
# f ¥ —F @3 (Hilbert - Huang Transform, HHT ) 5 - f&ig * 3t~ 4528

A2 2L AL B enpE A A 47 2 2 0 d Huang etal.»t 1998 # 4% 41 - HHT # i

FRAR IR LG BAEAGES FuEr N ASTer BAEE S 2EAP
P2 1 AREL o 3% 2 B8 0 SR 4 f2 (Empirical Mode Decomposition,
EMD) £ % f; o4 4% (Hilbert Transform ) » ¥ #-4F 223 80 2 5 - % 7] &
it S #c (Intrinsic Mode Functions, IMFs ) » & - # £ # f (O3 4% & (F T 35947 5
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MLEEREEET RARE R HLer REATFF LS - B R
FAE R N R BRI S g0 T ¥ 60 1/600HZ(F 10 A e — 2k
® 7] 50Hz = Bt 57§ #82 BH 2 9 S S 5 1/600HZ nffl 225 AW -
Pl S 5 S0Hz 2 BRI ARG R AR A BP0 Ao 3.5 AR o I ARie R T
LB 1/600Hz 22 FALBE (= o @ d S kBRI L - AFHE S L1 A A

iz

SRR ERITHELEE R ATEEL D AT o bR LS
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34 TRIFTHRAE

AT FRIEFQ021) A ¢k F % ki s 12 F 12 Li(Geophysical
Database Management System, GDMS) » #7#%i% 2014 & 3 2016 # FF £ 1242+ &
TR T ARPMEIREEY L F 3 hF RENYET L PEBR3 LR REE
B 1542 o BAE A Hi e S LRI RTRE REE(TTNO4L) Y 2 JIf53 R
(TTNOS1)#rle 42 154 R 22 0 R -

B 1540k BE R ATER T R )R P E R R B ATIR I 2 e B PR 2 Sk R
CAHRFEFEFARE c RisHipt e BEE AL FEHRYE 60 22 5% 60 o
T T RS RERE 60 2L ) WE S B LRR £ BRI e

RFTE - NTHRERTCERBRSERAZ FLRRSME A BAE -
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¥ 3-1 REPRAF BFERELGL) KIZ1F,2021)

1 2 3 4 5 6 7 8
% 103075 103076 103101 104018 105004 105015 105026 105040
Py 14/5/25 14/5/28 14/8/1 15/4/7 16/1/19 16/2/18 16/4/18 16/4/28
(ML) 5 3.8 34 4.1 5.8 5.1 4 5.5
iR & (km) 12.7 6.5 5.8 5.8 49.1 4.3 3.6 15.2
Bosk i i % i % S i % i % s R f
otk BEAE
TTNO41 8.81 6.58 11.07 23.45 42.52 27.54 12.18 19.6
TTNOS1 19.75 18.33 0.94 18.36 52.91 22.92 3.37 23.35
gl £ 13.17 11.6 5.87 20.02 46.68 24.39 7.07 21.06
= 13.91 12.17 5.96 20.61 47.37 24.95 7.54 21.34
43

d0i:10.6342/NTU202504264



342 #HERRH R
FXRRF AR ASIERRERE > F ARE AR RRRY R
HE L P hiedtdod 320 4 F 4§ 3.8 -

2680000

Bl 38 B ERM B EATH
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L4 32 BERERE R RELGR i F,2021)

1 2 3 4 5 6 7
S5 103070 104011 104015 104069 104080 105006 105097
p g 14/5/21 15/2/14 15/3/23 15/10/13 15/11/2 16/2/6 16/10/6
A (ML) 5.9 6.3 6.2 5.5 5.9 6.6 6.2
2 RiFE B (km) 16.5 27.8 38.4 49.1 18.8 14.6 23.7
B A L A A x At L 7o L
B Ry
TTNO041 74.38 59.6 86.63 66.08 64.52 64.36 60.04
TTNOS1 74.06 70.06 89.28 71.63 76.16 57.84 69.84
% g 74.6 63.82 88.19 68.84 69.47 60.82 63.89
= 74.35 64.49 88.03 68.85 70.05 61.01 64.59
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ANE ST 1548 BE B RGEATRE PR S R ik BRSO
5 AR 2 B B Sl & 2 A IMF T3S g B R A7
FERRZ TR BF o Z W 2 A IMF S8 2 2 i BR S B
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351 & FEHH
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€ SEEEYLRY Ae d Pesd AT Flet MO B R AR AR Y 0 A BER L B EERL o U T
AT APED ISR REY o REZPFTRRIE BEFH

(1) B3 Rk B : 104018(F) 3.9(a) ~ (b)) » FEAL G £ % F¥ RiplspT

IDEEAE 2061 2 o LR L BRI LT RS EFEEILREY A4

6Hz 2. & » fergig b A4(Feb R RIER) L 2 TTNOSI iRl k3R i 5 ¥ > & 10Hz 1
TR AN e
(2) ¥ TR K B 1 104080(F] 3.10(a) ~ (b)) » FEHLUEF &2 % Fl¥ RiplzT
R 7012 28 0 E Y o B R RRAR T P A FEHAE SR B
PR St 8HzZ T oM ELREY A 45HZ 2 oo
FRASAR REE 7 PRI RS ERIH R R iR o B 2
ﬁﬁﬁﬁﬁ%gﬁ1%%0%ygwm,ﬁ4¢#@%6%$huf’2%@@
i 4-5Hz 2. & o @ § BRARFITRI=E 2 Wi > 2 RIRRIE2 & 2 HAap > i S8
BB TRROE REv R e B E > AT L EREERA ST ¥ 10Hz ¢

IRAR RV B PR R SRR R Y TR A BhAR o
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352 & FHA S #(IMF)
AP 3 R R|sk TTNO4L ~ TINOST 12 2 & Gsgsf ) 4eid B 3-2 & THOA
S (IMF) & BORBESE2 B o AFF L F A 8-LRlsb4eid REPFEFH P 08—
§ 0 5B S BOE A f2(EMD) BB 4stciE BFEREA 2 5 BB IMF > i 7 18
EUMF&?’éﬁib%%ﬁ$’uﬁ IS A RASAEATE R E | A o AF
FETIMEA B 2SS AN BE S B2 AY FF KL Fl I F4 0T
ﬁ%m@ﬂ? b RIRFEALET 2 B TR o
(DFBREFRS R 112 105026 53 B (73 > jKH 3.11 1 3.14 7 12
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3.6.1 Arias Intensity

AFT T ETPE i i b AL A BB B RIERITTR A Y
% 103076 ~ 103075 12 2 105040 %if‘%§° H e 103075 5L B2 Al B AT
BoFMHEPEFTRFAFIALES > ERUEPN R HA L A
# o F 2 5103076 2 105040 # B Al ER35H S > FIL AR HH B9 > %G 4
AL ARAEHZ ATV R I ARE IS RAFLEE S TER o FERP R
Tt A A A A e B 105006 ~ 104011 12 % 103070 - H ¢ 105006 %
104011 o+ P Al B > B ERGE R NEA2 XA CBPRT) > VLR

AL ® o = 103070 F 2 Al Eqpgez T Ardeit > ¥ A ¥ o R FIERK

-]

R HMA L AR o
3.6.2 ﬂ\?ﬁ:ﬁ;g & #i(IMF)

B H R Y 2 103076 ~ 103075 2% 105040 « 7 R 3 BAF ¢ 5 354 - (b
) 5 20%2 A2 10HZ chg A= 4 o Bt B 2 BRI RER 0 § HRE R
B R RFPFIN A RBIRGL c VREE TN S ZERREE RY 0 %y
PTG HEAR A RATHBZRTF e A TF RY 0 d RS EFIEYRE S A
AR L R G TR S I o L T § AR X R
R F E S iR A Fl A I o
3.6.3 PGA&PGV

%ﬁd ML R RFRFUEAERFRFZEE  JFEEEY ERYERG A
M oXA MR FliE 78— W 2 fE347 o 395 Zhiyi Chen & Jianshu Wei(2013) »
PGV &% 2 s R¥ HDEQEMFP Gty & RPN @B HpEr Lk
T 5 :71103075 ~ 105040 ¥ i* 14 2 3% 2 55105006 ~ 104011 ¥ 2 ¢ LRI o @
PGA Bl ¥ > % & R1103075 F 2% (= #h PGA 11 2 i #7142 2. Al & »

60

doi:10.6342/NTU202504264



REPTEF HEAE A ARAEHBZ BT Tl Ed S HE g Y dre
R R TGRSR ¢
e s HEHEH A ERS TRITHRAOE > AR ARESRY 0%

_‘.

EXREAFIP B R P e xRl o A RALY A

)‘L

S BT R o R L BB 0 A4 R HRIgE > T A R S
e
AT R BB R hB A A 0 MR GRS o T R
ZLREHFZZAFATR ZF RAFHREES A A RADHEREE - FRGYE
R SRR K > Fla i

61

doi:10.6342/NTU202504264



Az F (mm)

0. 0075 4

0. 0050
0. 0023
. 0000
-1l 0023 4

=
=

=

EEHAERE (ns)
=

o = &
)

A& (Hz)

o
I

BEE Lk (%)
-2 o5 o= o=

-
[ ] Wooesal
g = o Ui |
A & B LiEldrn
: § A RV s
xXX & X, X x ® o REIas
) 10 0
Arias Intensityl
e Arias Intensity
1. | | 1 1y . |
k] n [
iﬁﬁl
-l
-
| -— D
1 1 Hl 1l i i
20 10 I
EHEE L L
i LA S Ry
- 2
L5 Nk

!

SMEEAFMEZER ()

Bl 3.21 IMF {28 ~ Al 88 &+ FE3LH % ]

|

doi:10.6342/NTU202504264



a0
o0
L
LY.
[

oS F (mm)

i b

RARE (em/s)
- = =

=
=

A ik (gal)
= ] =

Hidiads ¥

K

Ll
L

LR R

TR AR

S Gt
Smlda A
Y e
EL AT

[t
L 1n)
[l

[ |

hl d
Lo

Bl 3.22 PGA ~ PGV £ 2 & JE4th % ]

63

doi:10.6342/NTU202504264



Y43 AHESEr e
Wang et al. (2021) ¥ Tsinidis et al. (2020) 735 X B F B2 7 B A 17K
0 0 dp NECERSRAP RO R R R SR ARG 2 0 e g R ER
CRSRR R RIE kS 5 b ak SRRy cr S G ST SRR S Rl
g LEBREH - d WHEFHLERELRE B A EDFEERL AR T
PR TR BERHE S E 0 I 3 U F B RN A 4T 0 B B R o
F A AR AR ERR - BX A USE RE 0 7 R E T HERG
BE o oRRAA LT AR Bt 2 ai e T LS R 2 AR

BE -
4.1 & i >

AT Y U R BE O ABAQUS 2 4471 £ HiEf e
FE st RfEL T 2 RRE - & FH G AT ABAQUS 235 R~ %
F o FHHEER S 2N E R fE 0 4ot 41 om 5 F £ & (Mass matric) v ¢ F R A

46 (Stiffness matrix) * F & &€+ & (Load vector) » i~ WL & u A B 5 & & 2 e if

BC#RME EHBe R o

mi+cu+ku=F 4.1)
411 FRAF 6 EHS A

i U & 2 BioE 0 ABAQUS ¢ Dynamic, Explicit 4 4795 & * ¢ &
A HESF S RAEFENOBERFL o BiE v - BH BB EIERFE T -

HEABRLIEE NS FE A HESEY 2 TR > Fpt ffzse
ERFED BRI o R PERAI S S AN BB R T B
E£4 R EROTE G M o B AT B I AR T AT
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a. # f T A7

iy = M)t = (Fyy — Iey) (4.2)
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