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ABSTRACT:

The soil deposits in Southwestern coast area, which includes Yunlin , Chiayi, and Tainan city, are Holocene alluvium
with loose packing and under consolidation. These deposits are prone to ground subsidence due to excess loadings from water
pumping, hydraulic fills, surface structural loads, and seismic activities. Significant ground subsidence will affect the safety of
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The ongoing project collects the regional geological data related to subsidence analysis in these areas. In situ subsidence
measurements using wireless profile-settlement gauges are performed in ports of PuDai, DaPeng Bay, Taichung, and AnPeng to
establish the temporal settlement profiles. These data are collected to develop a database for subsidence analysis of port area and
integrated to update the earthquake rapid reporting system.

Therefore, this project carried out in 2018 of port monitoring earthquakes and subsidence of stratification. With
expectation research results will provide reference for terminal design and maintenance in the future.

Benefit of Research Results :

1. An rapid damage assessment system based on liquefaction analysis model and in situ monitoring data in harbor area was
provided information for disaster management of associated authorities.

2. The subsidence and downhole array data in the harbor area provide details of ground responses for earthquake engineering
study and development of seismic design guides for harbor facilities.

Current situations in application:

1. The settlement profiles and variations of ground water pressures in harbor area provides harbor company for the design and
maintenance of harbor structures.

2. The report can be potentially useful for industry, government, and academic research.
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al.,(1987) '« Wells and Coppersmith (1994) % B E G R D ket £
B fr % ety R 82 b0 RORACZ B enRE TR o 4o 3-1 > 3 2335857

Tsaietal., (1987) &-$+474 £ B 27 2RHCH Toorgd B 2 55k ¢
L=exp [ 1.006M]-3.232 ] ittt e (3-1)
PR L EEAAER (km) o My =R % H B -

Wells and Coppersmith (1994)7% 1345 2 5k 244 B + 3 R FH - 3¢ §F
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My=5.16+1.1210G(SRL) .oeoorveeeeeeeeeseeeeeeeeeeeseeeeeseeseeee s (3-2a)
SD=0.28
My=5.00+1.2210Z(SRL) vvoorrveeereeeeeseeeeeseeeeeseeeeeseeeseseeeseee (3-2b)
SD=0.28

v 5 32a % 1 (strike slip)¥7& 0 3-2b U H STE TR
M, %74 BB SRL 2+ 2B ER(22);SD %7 1 BiEE K
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BB M, & My 2 g B 2 0 7 1935 Wu et al.(2000) !
zz::b;é;_,?% REdimiE 2 2 NN

M; =4.533L0(M)-2.09120. 14 ooooooeeeeeeeeeeeeeeeeeeeeeeeee. (3-3)
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% 3-1a 3 225 2005~2007 & ¥ T 3 2 T p| TR A

WE | FRERGAER) .sir(&%)# X £ | tomy | ) 72;
1 2005-07-20; 18:49:44.20 22.84 120.78 22.5 43 2
2 2005-11-08; 13:49:25.20 22.87 120.68 9.7 4.7 1
3 2005-11-16; 17:14:45.30 21.9 121.77 1332 5.5 2
4 2005-12-31; 05:07:32.50 22.55 121.13 54.8 49 1
5 2006-03-09; 12:07:28.80 23.64 120.6 9.9 5.1 1
6 2006-04-01; 18:02:19.50 22.88 121.08 7.2 6.2 4
7 2006-04-16; 06:40:55.40 22.86 121.3 17.9 6.0 2
8 2006-06-13; 00:14:42.30 22.26 121.66 119.8 | 5.0 1
9 2006-06-17; 05:33:34.50 22.49 120.30 31.1 4.1 3
10 2006-06-17; 10:04:47.90 23.10 120.19 15.9 43 2
11 2006-08-12; 07:51:06.10 22.54 121.4 254 54 2
12 2006-08-13; 02:15:36.40 2291 120.5 16 4.2 1
13 2006-09-15; 02:10:31.40 22.37 120.1 32 3.7 2
14 2006-10-09; 18:01:45.60 20.77 119.9 28 6.1 2
15 2006-12-26; 20:26:21.00 21.69 120.6 441 7.0 4
16 2006-12-26; 20:34:15.10 21.97 120.4 50.2 7.0 5
17 2006-12-26; 23:41:44.70 22.07 120.3 41.2 5.5 3
18 2006-12-27; 10:30:39.80 22.05 120.4 49.5 5.8 3
19 2007-01-25; 18:59:15.50 22.63 122.0 25.8 6.2 2
20 2007-02-19; 05:04:59.60 21.79 120.4 443 5.1 1
21 2007-06-24; 22:39:04.00 22.79 120.46 254 3.8 1
22 2007-07-03; 15:18:26.40 22.4 120.2 29.2 3.9 2
23 2007-08-09; 08:55:47.40 22.65 121.1 5.5 5.7 1
24 2007-10-17; 22:40:00.00 23.5 121.6 421 54 1
25 2007-10-19; 22:25:20.50 22.96 120.6 18.7 43 2
26 2007-10-22; 03:57:39.40 22.96 120.6 17.8 4.1 2
27 2007-12-05; 09:41:42.50 23.07 121.2 11.3 5.1 2

3-13




% 3-1b 3 228 2008~2009 & ¥ T 3 B F /F"J
, 4% o | .
hE | FREFESAET) .st()f) fﬁg‘_(}i‘.) E:n)?) (Jlfud*li gg

1| 2008-02-18; 04:33:0230 | 23.31 12146 | 283 | 54 | 2
2 | 2008-03-05; 01:31:47.50 |  23.21 12070 | 113 | 52 | 2
3 | 2008-03-05; 06:42:32.60 | 2321 12071 | 120 | 46 | 1
4 | 2008-04-14;23:39:4450 | 22.83 12133 | 272 | 51 | 1
5 | 2008-04-24; 02:28:42.00 | 22.87 12168 | 111 ] 56 | 2
6 | 2008-04-24; 06:04:15.50 |  22.83 12169 | 133 | 52 | 1
7 | 2008-04-25; 22:33:48.70 |  22.32 12023 | 270 | 38 | 2
8 | 2008-05-01; 03:22:26.40 | 21.82 1204 | 384 | 46 | 1
9 | 2008-05-14; 02:27:55.30 | 2277 121 7 | 50| 2
10 | 2008-06-15; 07:29:24.40 |  22.9 1206 | 169 | 48 | 2
11 | 2008-07-03; 08:05:37.40 |  23.19 1207 | 151 | 43 | 1
12 | 2008-10-31; 06:25:24.90 |  23.07 120.2 16 | 40 | 1
13 | 2008-10-31; 16:38:15.70 | 23.07 1202 | 154 | 46 | 1
14 | 2008-12-02; 11:16:54.20 |  23.34 1215 | 317 ] 57 | 1
15 | 2008-12-08; 05:18:37.20 |  23.85 1222|351 59 | 1
16 | 2008-12-23; 08:04:43.80 |  22.95 1206 | 171 | 53 | 3
17 | 2009-01-02; 09:39:51.60 |  21.65 11991 | 651 | 51 | 2
18 | 2009-01-11; 01:26:35.80 |  23.03 12022 | 150 | 38 | 1
19 | 2009-01-22; 09:40:24.50 |  23.03 12051 | 183 | 40 | 1
20 | 2009-06-22; 18:48:25.80 |  23.42 12042 | 86 | 45 | 1
21 | 2009-07-14; 02:05:02.60 |  24.02 12220 | 181 | 60 | 1
22 | 2009-08-17; 08:05:45.90 |  23.37 12388 | 433 | 68 | 2
23 | 2009-08-22; 04:57:44.20 | 2227 1203 | 505 | 56 | 4
24 | 2009-10-04; 01:36:06.30 |  23.65 12158 | 292 | 61 | 2
25 | 2009-10-11; 14:42:08.70 | 21.93 12063 | 420 | 50 | 1
26 | 2009-10-18;20:15:51.00 |  23.02 12058 | 202 | 40 | 2
27 | 2009-11-05; 17:32:57.70 | 23.79 12072 | 241 | 62 | 2
28 | 2009-11-05; 19:34:21.30 |  23.77 12076 | 240 | 57 | 2
29 | 2009-12-19; 21:02:16.30 |  23.79 1217 | 438 | 69 | 3
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% 3-1c B 328 2010~2012 & 2 T BT R TR A

s | sRmEarem o BEEL e iy
1 2010-01-09; 07:40:24.60 22.61 120.58 34.2 4.4 2
2 2010-01-10; 11:24:31.10 22.48 121.33 84.9 4.8 1
3 2010-01-19; 14:09:26.80 23.8 121.67 37.3 5.6 1
4 2010-02-07; 14:10:00.30 23.33 123.77 88.0 6.6 2
5 2010-03-04; 08:18:52.10 22.97 120.71 22.6 6.4 4
6 2010-03-04; 16:16:16.30 22.96 120.93 19.0 5.7 3
7 2010-07-25; 11:52:10.20 22.84 120.69 19.6 5.7 2
8 2010-09-24; 08:39:17.50 22.52 120.4 35.6 4.1 2
9 2010-11-12; 23:39:06.00 23.21 120.41 17.5 5.2 3
10 2010-11-21; 20:31:45.60 23.85 121.69 46.9 6.1 2
11 2011-03-20; 16:00:51.20 22.44 121.38 27.5 5.8 2
12 2011-09-09; 11:26:59.10 22.31 121 104 5 1
13 2012-02-26; 10:35:0.90 22.74 120.78 20.4 6.1 3
14 2012-04-28; 05:08:18.00 22.73 120.73 24 4.4 2
15 2012-05-30; 15:25:42.00 23.21 121.01 6.6 4.7 1
16 2012-06-06; 09:08:34.00 22.39 121.43 16.6 59 2
17 2012-06-08; 06:22:44.50 22.93 120.6 9.7 4.4 2
18 2012-06-09; 12:41:21.2 22.92 120.58 23 4.8 2
19 2012-06-10; 05:00:17.90 24 .47 122.39 61.9 6.5 1
20 2012-09-05; 04:00:18.30 22.22 121 9.9 52 2
21 2012-10-25; 18:31:19.2 2243 120.37 40.7 54 4
22 2012-11-21; 01:09:01.7 22.47 121.4 26.9 5.4 1
23 2012-12-31; 00:03:25.80 23.47 120.9 4.4 5.3 1
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% 3-1d #3258 2013~2018 & 2 T BT RIFH A

s | sRmEarem o BEEL e iy
1 2013-02-19; 14:52:39.40 2291 120.6 15.6 4.7 2
2 2013-03-07; 11:36:45.70 24.3 121.5 5.6 59 1
3 2013-03-27; 11:36:45.70 24.3 121.5 5.6 5.9 2
4 2013-06-02; 13:43:03.20 23.86 121 14.5 6.5 3
5 2013-09-06; 19:33:51.20 20.05 122.3 206.2 | 6.8 1
6 2013-10-31; 20:02:09.50 23.37 1214 15 6.4 2
7 2014-01-15; 02:38:13.00 22.89 121.1 8.3 5.1 1
8 2014-05-21; 08:21:14.40 23.74 121.5 18 59 1
9 2014-09-25; 18:35:03.00 22.79 121.3 18 5.3 1
10 2015-03-23; 18:13:50.70 23.7 121.8 26.3 6.0 1
11 2015-04-20; 09:42:58.50 24.05 122.4 17.5 6.3 1
12 2015-09-24; 13:58:03.70 22.62 120.7 21.1 4.5 2
13 2015-11-02; 05:09:42.80 22.73 121.6 18.8 59 1
14 2015-12-03; 22:31:13.90 22.6 121.4 259 5.3 1
15 2016-02-06; 03:57:26.10 22.92 120.54 14.6 6.6 4
16 2016-05-22; 04:51:40.90 22.9 120.61 18.1 5.3 2
17 2016-05-31; 13:23:46.40 25.49 122.68 2569 | 6.9 1
18 2017-02-11; 01:12:53.20 22.9 120.12 18.4 5.6 4
19 2017-04-30; 09:57:20.60 21.41 121.65 122.3 | 6.0 2
20 2017-05-16; 07:12:54.50 23.28 121.43 24.9 5.7 2
21 2017-06-16; 05:29:19.50 22.63 120.41 34.2 4.3 2
22 2017-09-20; 22:29:57.00 23.32 121.78 29 5.8 1
23 2017-11-22; 22:20:09.40 23.58 120.72 15.2 5.6 2
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PR AT R -BFAF R RAECHKRRP ez R A~ @
o R R AR R B R € G AT R eI %
A2 ’1":3%7*' Snell 78+ TIL > g I 3E < e Fik » s o] ehfe BT
oot hk A% > - BEIRT R A2 4 K AR Bl A
Moo AXFER 22 K B gARE T RAK R R BET &
FPF o S A B2 AT B O S d S dRiTEE o BRR B R
Lz shd n bt 4of] 3.12 9T o

2. A EY B2 PR (body wave) EIRIER G e B GG E S

e T A ; ‘N;i(P wave) w3 4 B (SV-wave) ~ KT e F 4
(SH-wave) -  #ik % rmvg AT E MG 0 b
f‘ﬁ’w\%’??%zﬁiéﬁﬁﬁ }\lm’ﬁ'ﬂ‘ NRH o W kT e P

4 4 (SH-wave) °
PR ehd Ko R AR S KT S R A

4.3 ARG - BRIe m W 2 Rk ko BRI XReERBE

SABEBRELBANERIADOLERE RAE T A R 0 A 2
HILR 3 SHEF B o

6.2 B P 4 A EFE 2 H 2 b- KB iod 4
il

3-23



/\<\ — Site
Surficial layers

W 3.12 i"%/ﬁ»':‘i¢7 .&m

. A AR

TER AR EFRAN R 0 FF S AR A T AR R AT B
oo A et ;[3?;39*#4{3{41]; PEFREE R B A Ay
#ri% * e51Shake91 ¥ CycliclD ¥ % & A 15425 BB hie 7 4 5 o

Schnabel et al. (1972)1% & SHAKE #4235\ & {7 — a4 F R
BN R ERMS E S AT AT S XA S
HiEEg SR A F B BiT2 %% A& 5 SHAKE91(Sun and Idriss
1991) » BB 2 4 B0 S 4 A 17 fos 8 A 49 o

Elgamal et al. (2006)[5] LR IMET R RIEY PR e i
FRE i Hei o F B M2 5 AA# 2 CycliclD 4258 > H 3%
* %&A 7% 4B 7 u-p I‘i'em » TR S N 4T E AR R

AR BRI R f? AR TR/ TR L g - A

. Shake91 1% 5%

Schanabel et al.(1972):F * Shake91 14 — (e # & & A 47 50
BEBRAM AT HBEX AT

(1)2 3 5 0T AREAE 2 Ak kT 2 % 1 2as o
VIEE: Sl S SO

B)F Bkd B LD w1 BiEind I kI 4 -

3-24



‘"\’f‘riﬁﬁiﬂﬁ*’?i@, Bk o 4ol 313 #rm o B A4 kA kL
VAT A A 2 KT A5 7 R AR 2 AN 0 dost 34 AT o

0’u o’u 0’u
= +

FFP i EARF Gl CPFR (sec) 0 xip R E - BLenitE 0 G
4T 4 fokg/m®) o pid EE =% B (kg/m3) o

SHAKE $1%: 2  t 2 5 B4 (6% pho 3 g N 201E - Bho £ (2
AR ES R TS TR e R)IPT RD . A FEP
FIpEERM S PT RE S ER L S afF o R 2 kol
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Principal effective stress space

B 314 %€ %% %45 2 F(CyliclD,2004)
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2. & ;% & t§3# (Fourier amplitude spectra)
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Acceleration(g)
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« 10°Acceleration History of 14.7m(shake91 vs situ)
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2000~

CHOTACC/N-S 0
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ik BPTRR 2 R Tl > TTEBZ TRRRA
EFHE - I 2RI RT AR R s B 5 082 04508 % 2
%ﬁﬁf’v%if"”f302&.51_4_@&&1::?3{:4;;;3;,;ﬁai‘ﬂ?@\% TR
773‘)?7@?54”55 L > Vsz0 8 5 606m/sec » & % - SE S BFRFEE 1
hHEIFHP R R T Ao E B i Sy =SPF > #Trd s

rt

PGA = 0.4 X Sps = 0.4 X Sj x Fa = 0.4x 0.8 x 1.0 = 0.32

3.64 f‘-’- i—/ﬁ‘?\! j\'l 4‘: P2 %v‘t‘

CEB 107 £ 27 6P 23550 A% Bz ke 4eid B 230g 0 M F
BIATR023g TR AT @I TH A RS B L ERE
A75 Ry Bk T 4ot B SBD o0 4vig B F AR 3.35a 2
Bl 3.35b #7577 » KT 2 5 F e RA 13 HE LT F s mEARD R
PR BTHRESHEFE IR TEL o

2018/02/06 &

= = —475code
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W 3.35b TiEE R BLE v F R EE

365 FEERIETRRE

d ot ar frpn 42 /éf“jx “,llffr BFERIEH (55 7 i g do 7
BokBR L3220 a2 S B RhhFEd NI BT REE
AREEHE o A0 2018 % 27 6P 23 50 A 4 AT AR
TR P EIR A BT RATERIFI2 e B RPE

¥R
FHE-IFLBEDNZERFRFTA L 2R 2ET S P F
FRIE2ZTREE 4031758 s ZET REE B 2|y

El ~
AR EF BRI RRZ PR o

L ¥ Efa$
i ¥4 Richards et al. (1970)1"?! sz 3% » $35(- ) 2 HP L FEL

# R AR E 4o AT

................................................................................
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3 2 1 42 (White 1965; Richart %

PSWM) kit {7 » T o 5 4 g2 &

v =Pt B > E=f% 2ol < ik

E I EER S ST e

=T+ v=% 4 Ri&>G=7 4 f#(shear modulus of media)

. Gyv
¥ =Gy > d 5-2;'%% _ W
4 v 5 5 IR

Podm el fy e V8% 0 ié‘:‘i i‘hﬁf,f ck BE e Rl
»1970)> A [ 2 T 2 BT R

ﬂ r;"n’% PES) ij*un;} | % g 0T 5 5 4 4% (Plane Shear Wave Method,
B3k B

R,ﬁuza Fgdkz P4 LA S

HFpdE s HPR%E

sv¢ PV=kT 1 3@ &
V=3 4 JLiE R o

BRI 4 LD A RT A G AR E L RUR N BUR G B
%évi *3?‘1&71}‘}3\ Fé"‘%ﬁ ’ iklib& H AP 1‘151"Tlﬁﬂ’“ pé‘%l; /é"\ ' IR

3-51



oRBR A VT IV LB RERIE(F TTIYVE S BIYE S R P-S LR
)~ & d AR E(SASW)E R 4 g AR IE(MASW)E - ¥
ARBEVEHEYRRY A LT RHESITARLEHE R D R R
2 H A e N B2 FRAANZ 22 RFERSEFFE
V30 =124.964x SPTN**" ©

AP o V30E R AT 300 N2t g TET 4

N & 87 ~ 5%

3. ¥TRREFKE

SPRTRRIT KR R A fefi fe2biin 2 iR 1 ERAL - Dobry
1982 EHEF OO FRBE I ERV P SRR D23 P REOR
% & & %4 Dobry ¥ # & * 1982 & 4147 § ins % st &ﬁ :

B L Sliver and Seed » ** 1971 £ § % £ P » & & 2 ¥ J& ¥ (cyclic

shear strain » )y, :— (G 2794 ) dlscmean R > a » ZF

R R A (cyclic shear stress » 7.) o Rk R HE T 4 Rk iE
Sliver and Seed .3z 20 5@ #) {7 & * — TR FAp TR D,
BB ook BT EF(y)F R A=A D, foy, 0 B2
Moo B2 B de G EM o B RRG- B2 dof] 336 “FF o
# %% Sliver and Seed % A # 3 1% % > Martin et al »* 1975 = # B 2
G- BERERG T PR NIRRT PR AR
femj? SPHORBRA DR PR BFRBAF AP > LT RE(D)
¥r#1#) ¢ ik % (Dencification)fri% i* (Liquefaction) » @ 7 £ % 44 § J&
4 ()0
AITFCR) K AR # B % % > Drnevich 4- Richart *t 1970 % Youd
3t 1972 4= Pyke ** 1973 # 1 %% > & F 4§ 4 0P #E (threshold
cyclic shear > ) » 9% 10°2% » (€3t EpF > 7 € & 2 densification(f#¥
B G (4oB) 3.37) F4 T 4 PHEE(y) 9 5 107 %ehies 22 @ 3.36
SRR R Bl % - Ik o &4~ d Dobry v Swiger *t 1979 & % J % &
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B AR R hm g o e A 80 SRR P 0 F AR
%24 kPafr192kPaz B F 42 5 4 P HEE(y,) 4 * I1x107 963 4x107

%LF'EJB- ’ %ﬁﬁ;b}(ﬁ,g;i_J

AR P

2.0

BRIV IERINE R o

= N T T TTTT7TT I LI L LA T T T lr_

= L —

oy

1) - -

2 / 1

== 15

=¥ = -

(=3 N -

o | -

= D, =45 PERCENT

we o 3

25 W[ _

25 o -

é - C D, =60 PPERCENT ]

]

= L 7 :

E ~ /<n, =80 PERCENT 7

= [

L 0 [ R U T Y N I R
0.01 01 10 10.0

CYCLIC SHEAR STRAIN, PERCENT|

W 336 icri2 T RIPFZHF R R¥IS

| @l (Silver and Seed, 1971)

0.140 I T
0120 |- 0540 < e = 0550 75% =.Dr = 79%
4 Oy =100 psf (4.8 kpa) A =
wi 0.100 — 1,000 psf (48 kpa) )
S 4,000 pst (192 kpa) m
% 0.080 [ —
S
}= \@
- 2 —
= 0080
(==
S oow - L
= // | |
7
0.020 — L o
// - |-|=\
0000 === —— ale—s ‘
.01 0.10 1.0 10

SHEAR STRAIN, PERCENT

B 337 B BB K82 F 4T R % F(Youd, 1972)

515 Dobry {= Ladd * 1982 & * 1 5L8) & Ff £ e 041 F 41 =
B % (4] 338 97T ) 0 P i BRRELE 0 hn= 10 B
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T is o "—M—OFE ' RI338@F - BEATA FHEE(y,) TLy,=10"

%~ d @338 &3 el % e 22 Dobry fr Ladd »+ 1980 # =) 2L F
- ROBRTVOHEES B RIRI P EFDRBRFDEE: O RE
iy = 107 Qg E3%d M- BER > d B 3384817 VMK
B4 RFFH- ROBGo BB E ARSI PR B AR
T L H g iy o

12 ! :
© Crystal silica sand 0'3 = 2000 psf, fresh samples, dry vibration

& Crystal silica sand g3 = 2000 pst, fresh samples, wet rodding

10
a Crystal silica sand G'3 = 2000 psf, staged tosting, dry vibration

-
3_ w Sand no.l g3 = 2800 psf, staged testing testing, moist tamping
S 08 [ vosandno. 10% = 1400 pst, staged testing, moist tamping & .
E 06 ]
&
% 04 -
d
s
& o2l n=10 c!clas d
r = 60%
o =13 Lva I 1
10? 10°2 10! 1

SHEAR STRAIN, Y, PERCENT

B 338 frr)d = whRE BRI FFE%K 23 M KR E BB (Dobry and
Ladd, 1980)

4. FEBRRARF RIETRARE

AEE 31T NREFETEERRF RIETRERE i
BhiE B LRI R ORI & e iE R (R 3.39) - AL S RFEREN
* (B 3.40) 0 33T 4 Jid e f % b3S )5k HWAO62 2. 3 3 T 35
T4 ki (S-Wave) s 2 606m/sec i > 0 3 T R E L E (S 40B) 341
DR34BT P RSE AN EF BRI HORRL PR (107%)3F %
EEET BRI RRREEAD .
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3.6.6 FIH T R KR

AFI07#27 6P 23 S04 il "2 RAREO2E R RS
EANCER A 165 02 FRO63 L RS RAEGTEF %A
WIED PIEEBRR T Ak i B 442¢gal 0 b Bad e TR RIF

TEE- o bl BER O FRA N CEEBEL AL éll_"'l‘m’ PR
SRR T BT N IR B R L K 163 22 5 Lk BT

FIRT A B & Bk 4o B A B 5 189gal 2 230gal> T 5 4 15 B
SERAE e o TSR S B TR ho W) 3,42~ 345 o

fﬁfi‘fﬂ‘; 'G%&ME/§#25€% f'f 'Jbéﬁbi[%""'%&?"r > E’ %‘_L/

T 10m FE ",%”J ARG 2R BREI N A LERTLE IR
4[] 3.46~MH] 3.50 °

Bl 3.42 IR H23 B4 B 5 14 b 2 F
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37 EERR BT

pEAg 4 47 (Time-Frequency Analysis) ik # #$L @ #74F 7 Visual
Signal 2u5:4 47 e 1 21, TRA #e2¢v # &1 Short-Term Fourier
Transform(& E?i‘ % > 3 # 4 ) -~ Morlet Transform(-|- ;& # #&)% Hilbert
Spectrum(z* & & 1 5 BEePBR PR FO)E PR A et B o A e
PR Al 0 274172018 £ 2 7 6 p 23 P S0 A4 4 A iTEA
AR R CiEEE BT ROTH > 4oB 3.51 ~ Bl 3.54 2 @] 3.57 7
5+ 0 & * Visual Signal #t48 > 2 EMD (Empirical Mode Decomposition _
Huang et al., 1998)#- e -k (7 (T 5B ticfe &4 f% > A0S 7 FH 200 Siicle
(IMFs_Intrinsic Mode Functions) > £ %51 HHT (Hilbert-Huang Transform
_ Huang et al., 1998) fic & i% PF 47 & 7 & 2+ & if %2 4f ¥ (marginal
spectrum) > & @ ¥ ¥ 4p B 2. PEAE B (B8] 3.52 ~ B 3.55 % ] 3.58)% i 3 @l
(B) 3.53~ B 3.56 % B] 3.59)#77+ > d BV i BT 1455 5 0.34Hz
2 HHE o
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P ARRE S Rk o

FB TR T g chk 2R BT A 2 A RT R A L

A R, — % H et Terzaghi /B 2 I3 2 “A #t % = % ”(decoupled

approach)# ¥ — 5 #>t Biot 2% 2_“48 & ;% = ;% ”(coupled approach)e

FAARDICHARRS 2000 T F RS BRETE I R L B¥

2 3 %\'@%ma’éﬁo%é az&%“w‘ﬁ kg A2 By AT IR
UAF B HokRA ZARANFHRZMER BTG

4.1.1 Terzaghi & % 12 34
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M0 (B HokIR B &2 d T E(Darcy law) » (4)2 2 B3
FHH X REMRY FIFAE o

% §% Terzaghi 2 3% & ¥ R % 2 2 B UTHER 2345 > 40T

Su_lf‘eo H [P’O;im"j .......................................................... (4-1)
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4.1.2 Biot 43 & R %3234

FHIBEOBERTIESAT g £ txd Biot( 1941 )3 ! &0 Verruijt
(1969 ) ~ Bear & Corapcioglu (1981) % % ¥ Biot /& % I2 5 (T~
ToME TORNEFRBERERES B AMERE C@IER D
fe ;s D) HART R D ERGHEEEIHARERS 5 M S (02
W2 BRI TR S (d)IVHoK B E i Darcy % ()4
RBF T e EEAT O EAT2ZREEN]) (QFE
3LF§%‘\3"ii-‘g'ﬂ%§~ﬁ?éﬁ Pt o 1R K 0 R RS
EEP S S Il LS S

Vs +—C f—&—pzo
1-2v ok ok
Gv3s,+-—C E_P_
A (4-7)
Gvis.+—C % _P_
1-2veo; o
oe dp
kV:p=—+nf-"1
Pt

B I A NI T SN (PRI
Ve ot T AR IEAT Ry

23w bt oe=atote s T F2ZHMBREE p AT

4-3



K& 4 (excess pore water pressure) * E~ V ~ G 4 B & 3 3 4 £
T oA 20 T X 1% #ic(Young’s modulus) ~ T 334p 4 bt
(Poisson’s ratio) ~ 12 % T 35% 4 Z#c > H ¢ G=ER2(1+v) .k >n: B
7w 4 33 2% 3% T Bic(permeability) 0 3t 4 & (porosity) % U [ K
2. B %7 U c(compressibility) °
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