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ABSTRACT:

The soil deposits in the Southwestern coast area, which includes Yunlin county, Chiayi county, and Tainan city, are
Holocene aluvium 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 infrastructures and harbor facilities.

The ongoing project will collect the regional geologica data related to subsidence analysisin this area. 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 2016, is port monitoring earthquakes and subsidence of stratification. With
expectation the research results will provide reference for terminal design and maintenance in the future.

Benefit of Research Results :

1. A rapid damage assessment system based on liquefaction analysis model and the in situ monitoring data in harbor area provides
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 situationsin application:

1. The settlement profile and variations of ground water pressures in harbor area can benefit the design and maintenance of harbor
structures.

2. The published research report can be potentially useful for industry, government, and academic research.
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S-11-2 16.05-16.50 21 2.71 0.75 1.94 25.4 26.6 19.5 7.1 0 8 37 55 CL
S-12-2 17.55-18.00 20 2.72 | 0.75 1.96 26.2 28.7 20.6 8.1 0 47 42 11 CL
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18 £ 7T 115.1~120.9m CL 42 £ 7T 270.4~274.5m CL
19 £ 7T 120.9~154.1m SP 43 £ T 274.5~277.9m SP
20 ¥ £ 7T 154.1~159.6m CL 44 b £ 7T 277.9~281.0 m CL
21 ¥ & T 159.6~163.5m SP 45 ¥ & T 281.0~286.5m ML
22 ¥ £ 7T 163.5~166.7m CL 46 ¥ & T 286.5~292.7m CL
23 ¥ & T 166.7~171.2m SP 47 ¥ & T 292.7~300.0m ML
24 £ 7T 171.2~176.0m CL - - -
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%45 2 R CRlsA KRR A CKAE :2013)

EUERRSR5E | 102/1/21 [102/02/05{102/03/06{102/04/23] 102/05/21 | 102/06/06 | 102/07/15 [102/08/12|102/09/11102/10/081102/11/12{102/12/10
NO.1 8.8250 | 8.8250 8.8250 | 8.8250 8.8250 | 8.8250 8.8250 8.8250 | 8.8250 8.8250 | 8.8250 8.8250
NO.2 12.0030 | 12.0035 | 12.0000 [ 12.0020 ] 12.0000 | 12.0010 11.9990 11.9985 | 12.0010 [ 12.0025 [ 12.0015 | 12.0015
NO.3 25.6655 | 25.6675 | 25.6610 | 25.6625 25.6595 | 25.6620 25.6610 256620 | 25.6645 | 25.6650 | 25.6660 | 25.6640
NO.4 41,6370 41.6400 ] 41.6350 | 41.6335] 41.6350| 41.6375 41.6340 41,6350 | 41.6390 | 41.6370 | 41.6395 | 41.6360
NO.5 50.3590 | 50.3605 | 50.3560 | 50.3535 50.3575 | 50.3610 50.3590 50.3585 | 50.3620 | 50.3585| 50.3600 | 50.3580
NO.6 67.4535 | 674515 67.4455| 67.4425 674470 | 67.4495 67.4485 674480 | 674520 | 67.4470| 67.4505 | 67.4495
NO.7 86.9625 | 86.9590 | 86.9545| 86.9520| 86.9575| 86.9605 86,9585 86,9570 | 86,9630 | 86.9560 | 86.9590 [ 86.9595
NO.8 1174580 [117.4530 [ 117.4515 [117.4515| 117.4550 | 117.4560 | 117.4555 [117.4540 |117.4620 |117.4520 |117.4540 [117.4535
NO.9 122.8440 [122.8410 1122.8390 | 122.8380 | 122.8420 | 122.8420 | 122.8410 |122.8390 [122.8485 |122.8365 |122.8400 [122.8400
NO.10 156.5845 [ 156.5800 | 156.5745 [156.5745 | 156.5775 | 156.5795 | 156.5815 [156.5810 |156.5900 | 156.5780 |156.5800 |156.5780
NO.11 161.8715 [ 161.8685 | 161.8635 [ 161.8650 | 161.8690 | 161.8690 | 161.8715 |161.8705 | 161.8800 | 161.8670 | 161.8700 | 161.8685
NO.12 172.8815 [172.8790 [172.8670 [172.8675 | 172.8750 | 172.8750 | 172.8805 [172.8780 |172.8855 |172.8735 |172.8755 | 172.8750
NO.13 177.6915 [177.6855 | 177.6750 [ 177.6770 | 177.6835 | 177.6805 | 177.6875 |177.6850 |177.6935 | 177.6820 | 177.6840 | 177.6835
NO.14 185.3600 | 185.3540 [ 185.3415 [185.3450 | 185.3535 | 185.3490 | 185.3530 [185.3520 [185.3590 | 185.3470 | 185.3485 | 185.3490
NO.15 198.3805 [198.3720 [ 198.3580 [198.3620 | 198.3700 | 198.3670 | 198.3710 |198.3730 |198.3810 | 198.3700 | 198.3720 | 198.3745
NO.16 2200.2955 [220.2885 1220.2760 | 220.2775 | 220.2865 | 220.2855 | 220.2880 |220.2905 [220.2975 |220.2845 1220.2875 [220.2890
NO.17 228.3615 [228.3530 [228.3425 [228.3445 | 228.3520 | 228.3495 | 228.3540 |228.3560 |228.3630 |228.3510 |228.3525 |228.3555
NO.,18 232.7825 [232.7760 [232.7635 [232.7680 | 232.7780 | 232.7760 | 232.7785 [232.7810 |232.7885 |232.7745 |232.7750 |232.7780
NO.19 241.9475 [241.9410 [241.9310 [241.9320 | 241.9430 | 241.9410 | 241.9425 [241.9430 |241.9480 |241.9350 |241.9335 |241.9385
NO.20 252.1485 [252.1415 [252.1290 [252.1300 | 252.1400 | 252.1375 | 252.1405 [252.1420 |252.1460 |252.1350 [252.1340 |252.1390
NO.21 2724635 [272.4575 12724415 | 272.4405 | 272.4485 | 272.4500 | 272.4495 |272.4530 |272.4590 |272.4490 | 272.4460 [272.4515
NO.22 283.1475 [283.1405 1 283.1250 | 283.1250 | 283.1345 | 283.1365 | 283.1350 |283.1385 [283.1440 |283.1330 | 283.1305 [283.1350
NO.23 288.4505 [ 288.4455 1 288.4335 | 288.4325 | 288.4395 | 288.4395 | 288.4400 |288.4420 |288.4465 | 288.4340 | 288.4305 [288.4340
NO.24 2944430 | 2944365 [ 294.4250 1 294.4230 | 294.4290 | 294.4305 | 294.4310 |294.4325 [294.4395 [294.4275 |294.4255 |294.4285
NO.25 206.6345 [296.6255 1296.6140 | 296.6135 | 296.6195 | 296.6185 | 296.6220 |296.6220 [296.6290 |296.6150 |296.6135 [296.6155
i > S \ 2 > > N S .
% 4-6 3 ER® ERIHLRITIGERIZ(EFAY w1 2015)
1 , . N . L
Y T RBR R R EE
104.05.21 104.05.21 104.11.03 104.11.03
B B B B
No.1 8.7096 | No.l14 | 185.1042 | No.l 8.7102 | No.14 | 185.1164
No.2 11.8672 | No.15 | 198.1210 | No.2 | 11.9445 | No.15 | 198.1335
No.3 25.5350 | No.16 | 220.2260 | No.3 | 25.5361 | No.16 | 220.0429
No.4 41.4963 | No.17 | 228.0882 | No.4 | 41.4982 | No.17 | 228.1022
No.5 50.2165 | No.18 | 232.5010 | No.5 | 50.2194 | No.18 | 232.5210
No.6 67.2892 | No.19 | 241.6632 | No.6 | 67.2874 | No.19 | 241.6775
No.7 86.7820 | No0.20 | 251.8550 | No.7 | 86.7854 | No.20 | 251.8652
No.8 | 117.2584 | No.21 | 272.2124 | No.8 | 117.2700 | No.21 | 272.2250
No.9 | 122.6297 | No.22 | 282.8261 | No.9 | 122.6339 | No.22 | 282.8378
No.10 | 156.3555 | No.23 | 288.1273 | No.10 | 156.3660 | No.23 | 288.1421
No.11 161.6356 | No.24 | 294.1132 | No.11 161.6465 No.24 | 294.1280
No.12 | 172.6458 | No.25 | 296.3655 | No.12 | 172.6582 | No.25 | 296.3766
No.13 | 177.4417 No.13 | 177.4538
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% 4-7 & 78 & 22K+700 22 3 45 2 g}wjﬁfib Btk- T4 -TWD97

8| KAEN | BARE | #EIm | FAMm | & 3
STA-1 2620856.45 187690.14 21.390 300.00
STA-2 2620789.91 187646.85 16.870 70.45
STA-3 2620640.95 187528.05 16.820 300.00
STA-4 2620843.88 187741.40 19.970 70.45
STA-5 2620761.71 187688.54 16.910 70.45
STA-6 2620622.58 187567.23 16.700 70.45
STA-7 2620832.45 187792.42 18.930 300.00
STA-8 2620752.60 187733.03 17.060 70.45
STA-9 2620562.05 187642.02 16.580 300.00
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BOZARRA R 2R R R TR R R R SRRk T
/)Et'fr”b’f D FRE R R R T BAKIE I B IRGAE 2
ENER)E 2 HREA(Z B SRS F R4 3 B4R b B4R AR SR B4
rsiﬁ;pfﬂuﬁnlﬁ Pz 1S 22 SRk RRE TR E (Y
11,667 2*5)2 KR #FHEFIRLRERZ-LREEFIRET ¥ (5
8,306 2'F » X T1%)dIk sz imdtd o W R A EFE ML kR
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B A3 R s AR 2 F FEAR(AC R 4.6~F 4.10 77) ©

Bl 4.6 #4562 5 78 if BB 2 AUl A W (B4R 2014.02)
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148 IR Ew AT IR K R4 K4

- I e PgE
)}%}5’1'——-.& ) ¢
2125 2013 | 2014 [ 2015|2013 2014 2015
I TK203+944 (¢ L& 2 | o
) (rus MA% | 35| 38 | -3.7 (03171500 | 0.365/1500 | 0.364/1500
v

2.TK218+465 (22 =) | MAF | 45| 51 | -6.6 | 0.270/1000 | 0.330/1000 | 0.441/1000

3.TK221+969 (H5A2158%: | 4 -
) (FRISSE | g | 55| a6 | 52 | 04031500 | 04151500 | 0.4531500
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102/9~104/12 102/9~104/12

THEHE BetBESE & (cm) TRERE EigE®
150 -050 050 150 250 350 450 550 650 7.50 £.50 () (mm/m-month)
i L o \ \ \ : R R L o -
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20 e 41:!1111 0.02351
SRt E B
w f i 55‘% "0.0083
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— [
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i N TR L2

B3

F_&

>l F o4k % = xa
EFAHFELEE BRBETFE I L 5.5m
4 N d 2N
27T 100m rpoAralAs 2 K e R f R {ﬁf&_ X 5 39.6cmrHdr# 4-9 #1o7
P51 Ps13 Psl4 Psis
[ 200m } 650m o 40.0m |
— 47—
ST8M i i B
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//// 255m ~~
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1=53m*6%, 0 = 1.5m L=63m*12%7, 0= 15m . L=63m*1237, P = 15m
vV v v
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591+ 62.7m
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W 412a 2 T8 REFHBR € AEAYH T AFCEE2L 3 2.55m)

Psi2 Ps13 P514 PsIS
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1=53m*6%, 0 = 1.5m L=63m*12%, 0= 15m L, 0= 15m
e e
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%49 I8 MBEBHRE RIS S5mIIRE K LR X2 TR

TSR B € R A SSmAI K2 K &R X2 mkak (B £ ~-100m)

=5 | LR TR EE Eﬁ%ﬁ%%l HXMES op|EuE Ap | JiEE
(m) (m) [Fe=C/ia) ko/om) kg/cm2 (cm)
1 ML 0-4.05 4.05 0.075 0 1.1 0
2 SP-SM 4.05-7.05 3 0.026 0.01 0.7514 -14.6764
3 SP 7.05-13.05 5 0.025 0.735 0.5786 -3.1521
4 SM 13.05-16.05 3 0.028 1.115 0.4610 -1.2623
5 CL 16.05-19.05 3 0.1589 1415 0.4017 -5.1722
6 SM,SP-SM | 19.05-23.55 4.5 0.028 1.840 0.3462 -0.9433
7 CL 23.05-33.50 10.45 0.1870 2.488 0.2653 -8.6016
8 CL-ML | 33.50-35.00 1.5 0.1485 3.085 0.2169 -0.6573
9 SM 35.00-35.80 0.8 0.028 3.200 0.2069 -0.0610
10 CL 35.80-43.05 7.25 0.230 3.603 0.1834 -3.5962
11 SM 43.05-45.00 1.95 0.028 4.063 0.1615 -0.0924
12 SW-SM | 45.00-46.50 1.5 0.027 4.235 0.1551 -0.0633
13 SP-SM | 46.50-49.50 3 0.026 4.460 0.1452 -0.1085
14 CL 49.50-52.05 2.55 0.1476 4.738 0.1345 -0.4576
15 SM 52.05-54.00 1.95 0.028 4.963 0.1281 -0.0604
16 SP-SM | 54.00-57.00 3 0.025 5.210 0.1206 -0.0746
17 SM 57.00-58.50 1.5 0.028 5.435 0.1138 -0.0378
18 SP 58.50-70.50 12 0.025 6.110 0.0986 -0.2087
19 SM 70.50-73.50 3 0.028 6.860 0.0846 -0.0447
20 SP-SM | 73.50-79.50 6 0.025 7.310 0.0776 -0.0688
21 SW-SM | 79.50-82.50 3 0.028 7.760 0.0714 -0.0334
22 SP 82.50-94.80 12.3 0.025 8.525 0.0627 -0.0978
23 CL 94.80-96.40 1.6 0.2 9.220 0.0559 -0.0840
24 SP 96.40-103.40 7 0.025 9.650 0.0521 -0.0409

2ot ag 39.6cm
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4.3 & % T Kok P
431 % Rk TR

1. Rl Fad
FORET R AFER 200 2 % 23 K o IR ISEGEE TR T (4
B 4.13) > 97 4 5 24 Bk > A ff 4T

(D45 ¢ @F)(SP): AF b 27095 m*® 54 £ & » SPT-N &
L8172 kF 045mz v EBE g ¢ mE) o

(2). % ¢ Fy (ML) & F 3 2T 95~1l6miF > ENEZ 3> B

fcss koo

B). % & MmF)(SP): £ 3t £ 7T 11.6~141 m> N E:Z 13 /Y 283
2k

(4). % & fmp) % E 2 B (SM+ML): K4 # 30 £ TR R 14.1~328 m >
HENER 7~24 27 > Bacssppd 27 ﬂfw/i R o

(5).% & mF)(SM) : A F 344 4T 32.8-365m N BT 252 7 %
Fois

(6).% ¢ #:3 & &) ik f (CL~ML) : & # 3t 3 % T 36.5~41.1m* N &
B12~16 > v S 3 & o

(7). % ¢ ik Frap(SM) ¢ &% 3 27 41.1~487m> N & 5 41 2 7
E?%i%o

(8).% & 4 3B F ik (CL-ML) : A # %4 £ T 487~753 m> N
5 1534 Be S5 & B¢ 3HFR 52~52.5m > 58~60 m

64~66 m % ik FamFj(SM)2 KN B 5 34~40 2 @ & ?f Bk

(9).% & i mE) § F F k2 (SMHCL) : A % 220 £ T 753~824m> N
3 28~74 2 FF o

(10).% ¢ ik k2 (CL): A % 201 £ T 82.4~8475m> N £ 5 40
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(11).% & B Frimik (ML) : A #3847 84.75~87.2m > N 8.9 5 41 o

(12).% ¢ ik F o (SM): A # %4 £ T 87.2~91.15m> SPT-N & % 45¢

(13).4 % ¢ ik Fak2 (CL): A F 03 &7 91.15m-95.8 m » N {& /1 **
28~36 2 fF o

(14).% % & moik §F m#y(SM) & # 373 4 T 958~108.2 m» SPT-N & &
50~77 5 »2 K i 4~9cm e

(15).% & i B ink) 5 #) 44 (CLASM) @ A % 303 47 108.2~115.2
m>NE:Z31% 507 » 4 & 94cme

(16).% & fTik Hmk)(SM) 1 & F 2t £ 7 115.2~1322m > # SPT-N i&
5 60PFR ~ 4 KX Teme

(17).% ¢ 462 5 & Fwp)(CLASM) : A %231 £ 7 132.2~1393 m N
B35 100 FF » 2 &9 13cme
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3 2012-06-15; 00:15:13.40 23.71 121.5 6.5 5.3 2
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9 2013-03-17; 21:53:19.90 23.68 120.9 12.3 4.4 2
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15 2014-02-22; 04:25:16.70 24.7 121.60 61.9 5.4 2
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12 2016-04-27; 23:17:15.00 24.25 121.8 10 5.6 2
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18 2016-10-06; 23:52:00.00 22.61 121.4 20 6.0 2
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Fourier Spectrum (gal*Sec)
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