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ABSTRACT :

A bunch of international commercial harbors are located on the western coast, which are almost
alluvial strata and reclaimed lands. These soil characteristics are generally loose, soft and
under-consolidated. Probably owing to the over drawing of ground water, the large magnitude filling of
reclaimed land or the strong earthquakes, strata subsidence occurs and affects the safety of harbor
constructions. In order to maintain the utility of harbor engineering and harbor facilities, it is necessary
to execute a long-term monitoring of ground water pressures and ground subsidence. In addition, the
most important facilities of harbors are wharves, but in Taiwan they are subject to some damage because
of the loose and soft geological factors and earthquakes. To maintain the safety of harbor facilities, it’s
also necessary to monitor the in-situ wharf structure directly. Therefore this project carried out the
monitoring of strata subsidence and wharf structure and soil interaction behavior, and then executed the
normal analysis and numeric simulation. The project contents are divided into two parts: in-situ
monitoring and analysis. The in-situ part includes: 1. Subsidence monitoring on southwest coasts; 2.
Strata seismic monitoring in harbor areas; 3. Establishment of monitoring system of sheet pile wharves.
The analysis part includes: 1. Collection and analysis of a subsidence monitoring data; 2. Collection and
analysis of seismic monitoring data; 3. Establishment of a data query system of seismic monitoring; 4.
Analysis of wharf dynamic monitoring; 5. Dynamic numerical simulation of sheet pile wharves;
6.Dynamic numerical simulation of trestle wharf. Those are beneficial to both the design of the
monitoring system for the port facilities and development of remediation and response plans for a
specific harbor.

Benefits of research results:
1. Academic benefits, publication of 2 papers in seminars.

(1)“The development of the in-situ sheet pile wharf dynamic liquefaction model and
experimentation”, the 13" Conference on Current Researches in Geotechnical Engineering in
Taiwan, 2009.

(2)“The application of the GIS in soil liquefaction and earthquake damage instant report system in
Taipei Harbor”, 2009 Taiwan Geographic Information System Annual Conference and Academic
Seminar.




Impact on social and environmental safety: This project has successfully gathered dynamic
responsive data, through which the result of this project can provide disaster prevention, disaster
emergency management and rehabilitation after a disaster.

The benefit of database building: It provides valuable information to facilitate decision-making
during and after a disaster.

The benefit of disaster prevention and rescue: Through experimentation and validation from
numerical analysis of in-situ monitoring data, it suggests the critical value of harbor structure safety,
including critical liquefaction acceleration, wharf displacement and deformation after an earthquake,
wharf stability after liquefaction, etc., which can be used as a basis for harbor emergency
management and reinforcement strategy and rehabilitation after an earthquake to minimize the
damage from the earthquake.

Current application:

1. “The Instant Earthquake Report system” developed by this project has been put into use in warning hot

spots during earthquakes.

2. “The Instant Earthquake Report system” was successful in accumulating dynamic responsive data
during a 6.8 scale earthquake in the Hualien area, and instantly sent a newsletter to those who are

responsible for the disaster prevention and rescue.

3. The critical value from the result of numerical analysis in this project can be used as a basis in harbor

emergency management and reinforcement strategy and rehabilitation after an earthquake.

CLASSIFICATION

DATE OF PUBLICATION NUMBER OF PAGES | PRICE
May 2010 242 300 |[JRESTRICTED [JCONFIDENTIAL
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The views expressed in this publication are not necessarily those of the Ministry of Transportation and Communications.
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3 2007-11-08; 06:54 45.00 24° 91 122017’ 4.0 5.0
4 2007-11-12; 18:25 12.00 24° 46’ 121° 84’ 18.4 45
5 2007-11-15; 09:51 09.00 24° 08’ 121° 51’ 18.0 4.8
6 2007-11-29; 05:05 41.00 24° 82’ 121° 01’ 65.0 5.5
7 2008-06-02; 00:59:40.00 24.86° 121.79° 92.3 5.8
8 2008-09-09; 15:43:53.00 24.61° 122.63° 103.8 5.9
9 2008-09-10; 19:56:03.00 25.13° 122.25° 16.8 4.6
10 | 2008-12-02; 11:17:31.00 23.28° 121. 60° 29.8 6.0
11 | 2008-12-08; 05:19:03.00 23.84° 122.17° 12.5 6.0
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3(3) ¥ 4 6.91 3(3) w2 -2.23
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5(% ) 14m 6.93 5(% ) 14m -2.11
6(L-% ) 14m -4.58 6(z3 ) 14m -1.65
(3 ) 30m -6.23 (a2 4) 30m -1.08
8(4 &) 30m 9.18 8(# &) 30m 2.01
9(E1) 30m - 9(£ %) 30m -
10(% #) 99m -7.32 10(s #) 99m -0.86
11(% &) 99m 2.11 11(% &) 99m 0.56
12(<- % 99m 1.86 12(£ %) 99m 0.31
13(s ) 297m -1.58 13(s ) 297m -1.86
14(% @) 297m 1.67 14(% @) 297m -0.52
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13(% ) 297m 1.64 13(% ) 297m -1.01
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15(s- 38 ) 297m 0.67 15(s- % 297m -0.54
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4 33BeBY THBRATHELAN  BL R RRER

No peF R £3 FR km | R
1 2007-01-25; 18:59:47.00 22.63 122.03 25.8 6.2
2 2007-02-19; 05:05:33.00 21.79 120.40 44.3 5.1
3 2007-06-24; 22:39:04.00 22.79 120.46 25.4 3.8
4 2007-07-03; 15:18:40.00 22.4 120.15 29.2 3.9
5 2007-08-09; 08:56:19.00 22.65 121.08 5.5 5.7
6 2007-10-17; 22:40:00.00 23.5 121.61 42.1 5.4
7 2007-10-19; 22:25:39.00 22.96 120.63 18.7 4.3
8 2007-10-22; 03:57:56.00 22.96 120.63 17.8 4.1
9 2007-12-05; 09:42:08.00 23.07 121.19 11.3 5.1
10| 2008-02-18; 04:33:36.00 23.31 121.46 28.3 54
11| 2008-03-05; 01:32:09.00 23.21 120.70 11.3 5.2
12| 2008-03-05; 06:43:03.00 23.21 120.71 12.0 4.6
13| 2008-04-14; 23:40:22.00 22.83 121.33 27.2 5.1
14| 2008-04-24; 02:29:19.00 22.87 121.68 111 5.6
15| 2008-04-24; 06:05:01.00 22.83 121.69 13.3 5.2
16| 2008-04-25; 22:34:03.00 22.32 120.23 27.0 3.8
17| 2008-05-01; 03:22:56.00 21.82 120.38 38.4 4.6
18| 2008-05-14; 02:28:20.00 22.77 121.04 7.0 5.0
19| 2008-06-15; 07:29:41.00 22.90 120.59 16.9 4.8
20| 2008-07-03; 08:06:06.00 23.19 120.67 15.1 4.3
21| 2008-10-31; 06:25:46.00 23.07 120.23 16.0 4.0
22| 2008-10-31; 16:38:37.00 23.07 120.22 154 4.6
23| 2008-12-02; 11:17:36.00 23.28 121.60 29.8 6.0
24| 2008-12-08; 05:19:42.00 23.80 122.20 35.1 5.9
25| 2008-12-23; 08:04:55.00 22.95 120.57 17.1 5.3
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3.3 & 5 KB E RIA 7

EERATHRIGEICHORRER S pARO0 EHEFRER
H R AR ERIR o EEIRAE G T A KR B TR e
TRt B3 E RS 0 T BREAZEIE L~ -8m -15m -~
-22m % -35m & 5 %3 R %2007 & 3 2008 & FREE-2 2 BEPI T AL
PARMCA2 1L BRI TS 33k drd 34~ £ 350 R Y
BEB iy AR B P 2007 £ 97 22 p o BRI A8 2 A B
126.53gal .+ > e &4 2007 £ 9 7 7 P RA6.6 23 BF B I KK
BRFEA 4B 39 ERIFAFF { k- B e

% 3-4 BB 2007 #E T BT iEIJ?:\‘%}:i%‘

em e ey |
No CTREF(E ER) FAR) | £A(R) R kn | R
1 2007-01-25; 18:59°16.6” 22.86° 121.86° 5.0 6.2
2 2007-02-12; 13:40°25.3” 24.40° 121.81° 13.1 4.4
3 2007-02-18; 23:4678.3” 24.42° 122.05° 14.9 4.4
4 2007-04-28; 18:39°48.4” 24.83° 121.97° 12.7 4.4
5 2007-06-17; 12:26°22.3” 24.39° 121.88° 23.7 4.2
6 2007-06-20; 22:21°43.5” 24.40° 121.8° 13.3 4.3
7 2007-07-13; 04:54°13.2” 24.73° 121.79° 7.0 4.4
8 2007-07-22; 06:55°23.2” 24.38° 121.83° 14.4 4.2
9 2007-07-23; 21:40°2.1” 23.69° 121.70° 31.0 5.9
10 2007-09-07; 01:51°25.3” 24.20° 122.43° 54.0 6.6
11 2007-09-07; 01:55°21.6” 24.19° 122.51° 36.8 5.7
12 2007-09-15; 10:05°20.4” 24.33° 121.63° 21.7 4.3
13 2007-09-22; 14:27°4.9” 24.46° 121.87° 22.5 4.8
14 2007-10-11; 11:05°2.5” 24.78° 121.81° 78.9 55
15 2007-10-19; 02:24°28.8” 24.47° 121.84° 16.7 4.4
16 2007-11-08; 06:54°15.9” 24.91° 122.17° 4.0 5.0
17 2007-11-12; 18:24°42.5” 24.46° 121.84° 184 45
18 2007-11-29; 05:05’14.3” 24.82° 122.01° 65.0 55
19 2007-12-15; 18:46°53.0” 24.07° 122.45° 61.0 4.8
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% 35 FRRB 2008 EH TH BT RFTHRE

No TR (R AR Reies ER km | R
FR(R) | ER(R)
1 2008-02-18; 04:33:54.00 23.31° 121.46° 28.3 5.4
2 2008-02-28; 02:54:25.00 24.83° 122.29° 14.4 4.8
3 | 2008-03-01;00:58:24.00 | 24.00° | 122.53° | 26.1 5.1
4 2008-06-02; 00:59:40.00 24.86° 121.79° 92.3 5.8
5 2008-06-15; 19:16:17.00 22.90° 120.59° 16.9 4.8
6 2008-07-11; 11:08:11.00 25.13° 122.25° 16.0 4.7
7 2008-07-12; 14:12:01.00 24.19° 121.81° 6.4 45
8 2008-08-02; 02:56:11.00 24.05° 121.53° 21.1 51
9 2008-08-18; 01:38:20.00 24.00° 121.70° 42.8 4.6
10 | 2008-09-07;07:00:59.00 | 23.99° | 121.81° | 506 4.6
11 | 2008-00-09; 15:43:36.00 | 24.61° | 12263° | 1038 | 59
12 2008-12-02; 11:17:36.00 23.28° 121.60° 29.8 6.0
13 2008-12-08; 03:17.41.00 23.85° 122.20° 35.1 5.9
14 2008-12-30; 09:31:55.00 24.70° 122.34° 95.4 51
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Fourier Spectrum (gal*zec)
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6.1.1 FLAC Dynamic 4 %
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T RIIES A BEREE S E 47 5 0@ FLAC # Dynamic Option #%
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161 A K 2l

s & OB oM OoT1 OoT2 BFS BFG

Depth from SL(m) |-29~-20 | -20~-15| -15~-9 | -9~-5 | -5~2 | -2~+1
USCS SM CL SM SM SM GP

N1 60 25 10 12 7 5 >50

Density (kg/m3) 1850 1850 1800 1800 1750 2100
Shear Modulus (MPa) 98 72 74 40 27 189

Bulk Modulus
163 96 123 54 36 207
(MPa)

Cohesion (Pa) 2000 2000 2000 0 0 0
Friction angle (deg) 33 33 33 33 33 45
Dilation angle (deg) 0 0 0 0 0 0

Hardin ref 006 | 0023 | 0.08 | 0.09 | 0.10 0.01
Finn Parameter C1 -- -- 0.39 0.764 | 0.927 --
Finn Parameter C2 - - 1.03 | 0.524 | 0432 | -

OB: & #1 7% Ji

OM:¥ % Jk

OT1:78 %% &

OTZ&??E%

BFS:w 2 7) &

BFG:# 7 v i %

%62 HHAR rEki
Elastic Moment of | Cross Sect. Mass Pile
Modulus Inertia Area Density Perimeter
(GPa) (m*) (m?) (kg/ m?) (m)
Sheet Pile 21 5.65%10™ 0.02 157 0.54
Cable 21 -- 1.27x107 7850 --
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4 6-3 A%~ 3% ¢ 2 Mohr-Columb 4 & #% %34

Normal Shear Normal Shear Normal Shear
Stiffness Stiffness Coh. Coh. Friction Friction
(MN/m) (MN/m) (N/m) (N/m) (deg) (deg)
ST
10 5 1000 1000 30 30
Backfill
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JOB TITLE : TPE09 ASPW Static Equilibrium

(10'1)

FLAC (Version 6.00)

LEGEND

15-Dec-09 17:14

step 11421

-3.367E+01 <x< 3.967E+01
-5.317E+01 <y< 2.017E+01

Grid plot

0 2E 1

User-defined Groups
[ tPe09:0BE
W TPE09:SM-0B
5 TPE09:CL-OM
TPE09:SM-OT1

[l TPEO9:SM-OT2
B TPEO9:SM-BFS
[l TPEOO:GW-BFG
Fixed Gridpoints

X X-direction

Y Y-direction

B Both directions
Net Applied Forces

max vector = 4.500E+04
|

CE-NCKU 1E 5

L 1.500

L 0.500

[_-0.500

| -1.500

| -2.500

| -3.500

| -4.500

Tainan

-2.500

T T T T T T I
-1.500 -0.500 0.500 1.500 2.500 3.500
(1000)

W 6.2 TPEQ9 45 2 3% 4= Hdc & #5-7)

JOB TITLE : TPE09 ASPW Static Equilibrium

(1011)

FLAC (Version 6.00)

LEGEND

15-Dec-09 17:08

step 11421

-3.367E+01 <x< 3.967E+01
-5.317E+01 <y< 2.017E+01

Effec. SYY-Stress Contours
-4.00E+05
-3.50E+05
-3.00E+05
-2.50E+05
-2.00E+05
-1.50E+05
-1.00E+05
-5.00E+04
0.00E+00

Contour interval= 5.00E+04
Extrap. by averaging
Grid plot

0 2E 1

Pile Plot
. Moment on
CE-NCKU

L 1.500

| 0.500

|_-0.500

[ -1.500

[ -2.500

[ -3.500

| -4.500

Tainan

-2.500

T T T T I T I
-1.500 -0.500 0.500 1.500 2,500 3.500
(+10°1)

W 63 TPEOY & &5 F fhif 4 F e ® § ol d ~ B $iesr &
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X-acc (gal)

X-velocity (m/s)

0.10 —

0.05 —

0.00 —--F-¥/-

-0.05 —

-0.10 —

-0.15 —

I T I
20 30 40
Time (sec)

| T I
10 20 30 40
Time (sec)

W 6.4 1 A5(20M)G » 5 Bk
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JOB TITLE : TPE09 ASPW Dynamic Conditions (*10°)

FLAC (Version 6.00)

[ 1.500

LEGEND

15-Dec-09 20:31 L 0.500
step 12952
-3.367E+01 <x< 3.967E+01
-5.317E+01 <y< 2.017E+01
|--0.500
Net Applied Forces
max vector = 3.250E+05

S R S S|

0 1E 6

:85

|--1.500
Dynamic Apply Conditions
Vector = Direction of
DOF Quieted
* = Free Field Boundary
Material model
. elastic
. mohr-coulomb
B finn
History Locations
Cable Plot
Cable Locations
Pile Plot
B Moment  on {--4.500
Structure  Max. Value

éé_ﬁ’djﬁb -3.261E+04

Tainan T T T T T T T T T T T T T
-2.500 -1.500 -0.500 0.500 1.500 2.500 3.500
.

| -2.500

| -3.500

6.3 it A &

6.3.1 4¢c B

# R

FRAFRE S A D F R 29 MR £ B AR Im 2 4o BB 4o

6.6 :r"‘f (L 1 '%ﬁ»*’}éi%cfi}i‘f‘f"3023g’”)%
FREK A G BT ,ﬁﬁﬁ&ﬂﬂﬁ4® @ A

R R B B EE R BEI R A A %?*Fﬁ%—ﬁﬁii%s# 0 B

ﬁ&ﬁiﬁﬂ’%@&ﬁ%%a%wmi¢iﬁg§@a%~ﬁ&
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Acceleration (m/sz)

Xacc_base §
—— Xacc_top

I

5 10 15 20 25
Time (sec)
B 6.6 4cik )ﬁ@‘ﬁ%% fL
0.5 5
e

-0.5 —

Xdis_nd1

Pile Displacement (m)

---------- Xdis_nd21
—  Xdis_nd35
109 - = vdispd 0 N
—— Xdis_nd36
..... Xdis_nd66
-1.5
T,
2.0 T ! ' I ;
0 5 10 o 4 *

Time (sec)

Bl 6.7 475t & 3 B RrpE %0
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JOB TITLE : TPE09 ASPW Pile Displacement (10
FLAC (Version 6.00) | 1500
LEGEND

15-Dec-09 22:44 [ 0.500

step 5896546

Dynamic Time 2.5000E+01
-3.576E+01 <x< 3.885E+01
-5.496E+01 <y< 1.966E+01

Grid plot
| R |
0 2E 1
X-displacement contours
8.00E-01

1.00E+00
1.20E+00
1.40E+00
1.60E+00
1.80E+00
2.00E+00

L -3.500

Contour interval= 2.00E-01
Pile Plot

X-Disp. on

Structure  Max. Value
#1 (Pile) -2.004E+00
E-NCKU

Tainan T T T T T T T T T T T T T
-3.000 -2.000 -1.000 0.000 1.000 2.000 3.000
(*10%)

B 6.8 4388 B oM

] 6.9 & r % 2539(;];‘1%"‘-*# ~ % 2 ?&Eé}’wﬁiﬁ’ﬁ TR A A F
piEEl & R fs(10sec) A R wiEF 2 L3 5 24 < HgE D

J%vr]“ PR RA BFZ o h A RE S FIEF AR EFR 0 &
TABE FREISR ) o A E R SRR > B 6.10 A e A EHRAEF F
B AR SUREEPF 0 B X BUEEA A N A KRR 0 3 25sec PRH &4 BE
2.5%10° N-m > f&sﬁ—‘r ARERE Rt > B Y TR T R BT SEERE
fE P (3.52x10% N-m) 3 4cAgiE 7 3 - Bl 6.11 54 2 £ 4 frpr > H v
SeAgiE 50 2 o H A x4 5 115 kN (11.7 tons) » 47 # & 7k 1 ¥ g 3¢
PR gt 2 de 4 BT > BB R £ RS gt > 2 ] N H 4R
P 4o
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Pile Moment (N-m)

JOB TITLE : TPE09 ASPW Deformed mesh and Moment (+10°)

FLAC (Version 6.00)

[ 1.500

LEGEND [

15-Dec-09 22:38 o
step 5896546
Dynamic Time 2.5000E+01
-3.576E+01 <x< 3.885E+01
-5.496E+01 <y< 1.966E+01

Velocity vectors

max vector = 3.655E-01
I R N R
0 1E O

Effec. SYY-Stress Contours
-5.00E+05
-4.00E+05
-3.00E+05
-2.00E+05
-1.00E+05
0.00E+00

Contour interval= 1.00E+05 r
Extrap. by averaging
Exaggerated Grid Distortion -4.500
Magnification = 2.000E+00
Max Disp = 2.079E+00
CENMerent  on

Tainan

T T T T T T T
-3.000 -2.000 -1.000 0.000 1.000 2.000 3.000
(1011)

6.9 4 3758 BHFIEAS

~

v’ i
R T I A e

v~ emea

-50

-100 —

-150 —
— — Mom_e3 (Ele=0 m)
.......... Mom_e9 (Ele=-3 m)

2200 - °°*** Mom_e21 (Ele=-9 m) 5
= Mom_e28 (Ele=-13 m) kY , 2
—  Mom_e34 (Ele=-16 m) w5
-250x10° — Kad :"ﬂ"--""..r---...--.,.-' £
I I I I |
0 5 10 15 20 25
Time (sec)

W 6.10 B $ R ps
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Cable Force (x103 N)

-120

Time (sec)

B 6.11 4 % $4 frps
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JOB TITLE : KH120 Free Field

(f10M)

FLAC (Version 5.00)

LEGEND

16-Jan-09 17:11

step 2626

-4 611E+401 <x< 7.611E+01
-8.511E+01 <y< 3.711E+01

Effec. SYY-Stress Contours
-4 00E+05
-3.50E+05
-3.00E+05
-2.50E+05
-2.00E+05
-1.50E+05
-1.00E+05
-5.00E+04
0.00E+00

Contour interval= 5.00E+04
Grid plot
[FETTTRTTTR ITRTeTRTTY

0 2E 1
Fixed Gridpoints

X X-direction

B Both directions
NatFE REERHIE.

SDL

- 3.000

L -7.000

T
1000
(*1001)

W75 %

ZB#120 B EE p 4 HdkciE )




72 BEA L K Sk

1 g & & Pa |t —r*}é; Ty _P*/é; )‘}" ?E.éji?«fr-
Al x| & | Bk | 5K | &
RR SB SM ST BF1 BF2 TOP
USCS ML ML SM SM SM SM
(NDs«o 25 20 16 13 10 10
Density (kg/m°) 1750 | 1750 | 1750 | 1750 1750 1750
Shear Modulus | 154 | 194 | 509 | 536 | 394 | 394
(MPa)
Vs (m/s) 272 266 185 170 150 150
Bulk Modulus
(MPa) 287 213 129 116 85.3 85.3
Cohesion (Pa) 5000 | 1000 | 1000 | 3000 1000 1000
angllzefégggpees) 2 | 2 | 35 | 35 30 30
anglljel(lgg\c(])rges) 0 0 0 0 0 0
Hardin re 0.08 | 0.08 | 0.08 0.06 0.06 0.06
Finn Parameter C1 -- -- 0.18 0.29 0.49 --
Finn Parameter C2 -- -- 2.19 1.36 0.82 --
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Hori. acceleration (m/sz)

Hori. velocity (m/s)

Acceleration (m/sz)

-0.5

-1.0
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0.0 —

TCUO059 low-passing 3Hz

0.4 —

0.2+

0.0
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I I I I
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Time (sec)
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TCUO059 low-passing 3Hz

70

10

20

| | | |
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Bl 7.6 Rty R (a)eid RER (D) RER

—— Base Acceleration
---------- Top Acceleration

70

I I
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Time (sec)
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e ® Depth=3.5m
= = = Depth=6.5m
w04 Depth=12 m
—— Depth=16.5m

Excee pore pressure (x103 Pa)
»
]

0 10 20 30 40
Time (sec)

B 787 %2 BAQIFI K -KES FEPFRF

Y RACIEI KB Y 200 0 TE e G ook N E AR
TRV KR 4 o pR(25 sec)z A T 4o 7.9 A1 0 G a4 ABITT 0
VAL R BREmRt AR F23BFL 2 BF2> 2 24 43w
Fino R 2Mm AL RBR O ERES AL IS L RAR TR
fLigiE > ¥ d HEiEat=0~50s)? &+ T R % A 5 (B 7.10)*77 > &
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TRENS 20% - d Frofd » FaT RS R A 2 2 BT
BFRIE 2 R % o

M-

7-11



JOB TITLE : KH120 Free Field Efi. Syy {t=25 s)

(108)

FLAC (Version 5.00)

LEGEND

16-Jan-09 23:49

step 252639
Dynamic Time 2.5000E+01
-4 772E+01 <x< 7.549E+01
-8.661E+01 <y< 3.660E+01

Effec. 3YY-Stress Contours

-4 00E+05

-3.50E+05

-3.00E+05

-2.50E+05
-2.00E+05
-1.50E+05
-1.00E+05
-5.00E+04

0.00E+00

Contour interval= 5.00E+04

Grrid plot L
FTRTETRTTA RRTTRTRINI|
0] 2E 1
|—-7.000
Fixed Gridpoints
P Pore-pressure
NSt ERIRibA URR?
SDL T T T T T T T T T T
-3.000 -1.000 1.000 3.000 5.000 7.000
{1071y
—_— -+ v I’
B 79T=25sec pF-2 5 »c g+ & % B
JOB TITLE : KH120 Free Field shear strain (t=50 s) 108
FLAC (Version 5.00)
| 2.000
LEGEND I
17-Jan-09 3:35
step 502638 - 1.000
Dynamic Time  5.0000E+01
-4 B0OE+01 <x< 7.763E+01 i
-B.624E+01 <y< 3.939E+01
EX_ 7 Contours (- 1000
0.00E+00
4.00E-( [-~3000
5.00E
6.00E |
7.00E
Contour interv ~-5.000
Boundary plot
0 2E 1
Marked Gridpoints | -7.000
Nat'l Chi Nan Univ.
SDL

T T T T T T T T T
-3.000 -1.000 1.000 3.000 5.000
*10%M)

B 710 3+ FRELSFF
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BE ARG AR AT FIR LR BRI RS R 0 Flh AT Sk
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ek 120 50580 5 0] 0 BV FABE TR AR 2T o

7.3.0 AR S 5 e A 45 RIS AL A
1. 247

AR NIRRT AT R RS BEF
J&(coupled response) » = k& d
J‘f?—)& # 0 B 2R t*fﬁx* W2 B AL FE A
et A R 2 Jh R kLR BT HOR R e i S 2 R IR
Fr it ke - @Y e @R S H AT
P S HRBIREFEF RS A B RER A T 2 A
17 (decoupled analysis) » i 12 # & Winkler % stk + 3 — A2 3

FE S e

A E LT RN L AR L EE 3P 2 R B SR
Winkler S8 Hogt 2 S & & 1 ¥ 5 8 B2 dashpot 3] HoRE 2
He L (damping)scfls 0 B P 2R GEF B A S - F D ITH F (near
field)z p & H(freefield)> pd F2HE ST o+ Bz T4 gD
2B EFR S TFERMNTRIE-ABRIFPIRLIAF B TS
%2 Winker 3B% 535 ¥ g 22 R EP M F2 BE o

*F 7 0 FLAC ® 2 #L #5572 (pile element) » & 12 #2 = % (beam
element) A % & ﬁ%ﬂw}%}\ﬁ’? 2 & Martin et al. (1975)z 3¢
PR A g N T o kB R B - e RIR 2K
— AT AT BEREAR S AL B R
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i73ﬁ$fﬁ¢¢ﬁ4%%&%

R [ a1 [Ty [ 2w [ 24 [#ew

1 z
B ey 5% | 5% | 5% | 5%
gL SB [ SM | ST BF1 BF2 Bslope | gravel
USCS ML | ML | sSM | sMm SM SM GP
(N)eo 25 | 20 | 16 13 10 13 >50
Density 1750 | 1750 | 1750 | 1750 | 1750 | 1750 | 1850
(kg/m°)

Shear Modulus | 444 | 154 | 599 | 536 | 304 | 536 | 235
(MPa)
Vs (m/s) 272 | 266 | 185 | 170 150 170

Bulk Modulus | g7 | 913 | 129 | 116 | 853 | 116 | 820
(MPa)

Cohesion (Pa) [ 5000 | 1000 | 1000 | 3000 | 1000 | 3000 | 1000
Friction 322 | 32| 35 | 35 30 35 45

angle(degrees)
Dilation 0 0 0 0 0 0 0

angle(degrees)

Hardin re 0.08 | 0.08 | 0.08 | 0.06 0.06 0.06 0.01

Finn Parameter

C1 =" -- 0.18 0.29 0.49 0.29 -

Finn Parameter

C2 -- -- 2.19 1.36 0.82 1.36 -
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JOB TITLE : KH120 Wharf Static Model

(102)

FLAC (Version 6.00)

LEGEND

5-Jan-10 13:36

step 12643
-5.889E+01 <x< 1.189E+02
-1.179E+02 <y< 5.989E+01

User-defined Groups
. kh:esb

[ kh:sb

I kh:sm
‘kh:Finn st'

I kh:gravel
'kh:Finn bf1'
kh:rw

'kh:Finn bslope'
I 'kh:Finn bf2'

Beam plot

Net Applied Forces

max vector = 3.300E+05
[ |

CErNCKU 1E 6

Tainan

L 0.400

L 0.200

| 0.000

|_-0.200

|_-0.600

|-0.800

| -1.000

T T T T
-0.400 -0.200 0.000 0.200 0.400 0.600 0.800 1.000
(*1072)

B 7.12 £

BABEAR SR ELAFAFELER

JOB TITLE : KH120 Structure Elements

(+107)

FLAC (Version 6.00)

LEGEND
5-Jan-10 13:40
step 12643

-1.240E+01 <x< 4.442E+01
-4.444E+01 <y< 1.237E+01

User-defined Groups
kh:sb
kh:sm

- 'kh:Finn st'

- kh:gravel

I 'kh:Finn bf1'

kh:rw

5 "kh:Finn bslope’
'kh:Finn bf2'

Beam Plot

Structural Node Numbers
Pile Plot

Structural Node Numbers

CE-NCKU
Tainan

| 0.500

¥ 7.13 $4

19

FBERFEABRERE
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274 BHAE FEE

Elastic Moment of | Cross Sect. Mass Pile
Modulus Inertia Area Density Perimeter
(Gpa) (m*%) (m?) (kg/ m°) (m)
Beams 31 8.3x10 1 2400 —
Piles 200 1.6x107 0.015 7850 2.55
% 7-5 £#%,~% ¢ 2 Mohr-Columb 4 & B ¥ %#%
Normal Shear Normal Shear Normal Shear
Stiffness Stiffness Coh. Coh. Friction Friction
(MN/m/m) | (MN/m/m) (N/m) (N/m) (deg) (deg)
ST &
Backfill 10 5 1000 1000 30 30
SB & 13 6 1000 1000 30 30
Gravel

6. # % Finn -5 4 3%

R ARIRRFFI AT 7 £ 83 50% 0 BRE 7
F%ﬁ&%?ﬁm

» Fdiche & 7-3
HP D

d 3t 3
EHFAIERIRG > FP AE W FEF " 2
B3V - ST ~ bfl ~ bf2 2 Dbslope # & #x 2 Finn 2 3%
ror 0 BRR 2 RS ks 107 m/s 0 2
A T AR Y R R A

7. BT PR R lfrt B R

SH % 4 Rayleigh re 2 3k 5 5 & 2. 5% 2 3 ] 2 Hardin
2 BFFIER > Slicheod 7-3 77 0 12 free field 3f  dp TiF* 30 2+ 3
Rl KRG TS 2Ry 4 ‘J}i"‘fé Bdm ok SR 2 3 IR S K SR
%o RINLZ e dofcds 2 % 738 B (Quiet Boundary) H
MLN(T-1)% 4ot KRN s TR I At iE e HE kT e T
b e B4 w2 PN AR AR AR 7.14 T oo

3 s

o T MR
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8.

JOB TITLE : KH120 Structure Elements

(+102)

FLAC (Version 6.00)

LEGEND

5-Jan-10 13:55

step 12643
-5.889E+01 <x< 1.189E+02
-1.179E+02 <y< 5.989E+01

Material model
I elastic
mohr-coulomb
finn
Marked Gridpoints
Net Applied Forces
max vector = 2.167E+06
T T |
0 5E 6

Dynamic Apply Conditions
Vector = Direction of
DOF Quieted
* = Free Field Boundary

CE-NCKU

| 0.400

| 0.200

| 0.000

|_-0.200

|_-0.400

|_-0.600

|_-0.800

|_-1.000

Tainan

T T T
-0.400 -0.200 0.000 0.200 0.400 0.600 0.800 1.000

(102)

Bl 7.14 %43t B4 52 2

\

s

EadGER

41 RIBE b3 B

P = ;L‘ rAAZFR I [ AL R
A ELGREE
o4 FrpE e v R IR g o2 gk
SEEIPFFRCE A%

Bk R

H-ba %écf}"ﬁ%ﬁ’ﬁﬁ }i}j‘fﬁ
s kAT R ARG T R R

1] E

BT F 2 3 REs s R B R
(TCUD59) *+ 921 ¥ . 2 3 E2eoshr Bodbt B % (NS) i & F
*RERE 56 f) (T G Fe L ’i%ﬁ$$%mﬂ1%%ﬁ%’ﬁ”
PORAGACRI 7.6 T o R Z2FERFFR G 31ES § 0 B
BIPE R R PE Sn BB 714 977 o TR A T H T E LT A
60 BT GEA 45 5 % 4o 7.15 #FR o
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RIgh2 2 A E R e R S R M

JOB TITLE : KH120 Free Field and Monitoring Locations (-101)
| 2.000

FLAC (Version 6.00)

LEGEND

5-Jan-10 14:11
step 12643
-2.502E+01 <x< 8.899E+01
-9.186E+01 <y< 2.214E+01

Effec. SYY-Stress Contours
-4.50E+05
-4.00E+05
-3.50E+05
-3.00E+05
-2.50E+05
-2.00E+05
-1.50E+05
-1.00E+05
-5.00E+04

0.00E+00

Contour interval= 5.00E+04
Extrap. by averaging
Grid plot

|
0 2E 1

Beam Plot

BENewent on

Tainan

T T T T T T T T
-1.000 1.000 3.000 5.000 7.000
(107)

B 754 4#F R TiREEER =8B

133 RAF BT REL 53 %

Zypan it B 22k #1120 A5 EE i E oA TCUOS9 » R e ¥

g

WA

s}
—_\\
&

I8 e T

ik R A PR

%EE%“¢$H¥@4kiﬁﬁﬁﬁ‘¢1§ﬂ£iﬁﬁﬁ
?‘fﬁ“'«ug‘ﬁ%ﬁﬁ"Av\l’r"p‘fpm"l%‘*?fé"’}\l * i
Zo4vik BRFPEACR 706 1o 0 B p d e R R agi o
Pl kT EE 2 AR R 2L e R ACR 717 AT 0 R
TR 2 4eiE B %1 (depth=18 m ~slope surface) » i3 T 2 2_+4¢
;\ﬁf;%@@,]{iyﬁgﬁ%‘ H g g m&a%ﬁ,rfae‘ » £ H AR
Bt r?%?ﬁ)@wﬁ%“:ﬁ%i@&ucﬁ&;%wpg} 7.18 #r57 » A
LA SR B IRER 21 S kT W A AT o

vfs
D7
N
)4 F‘
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Acceleration (m/sz) Acceleration (m/sz) Acceleration (m/sz) Acceleration (m/sz)

Acceleration (m/sz)

Lr-

1§ 2

y 8 TX E% \
Ak s AT EE IR ERES ) T AR H Rk AR
2R R R RFEAR S

| Top (Depth= -2 m)

4 Depth=32 m

0 —
-4 -

T T T T T
0 10 20 30 40 50

4 -| Base (Depth=50 m)

0 —

-4 —

I I I I I
10 20 30 40 50

Time (sec)

B 7.16 ABEE TS kT B 4 4ok BEPER
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Acceleration (m/sz)

Acceleration (m/sz) Acceleration (m/sz)

Acceleration (m/sz)

Slope surface (Depth=8 m)
4 —
0 p—
-4 —
8 T T I T T
0 10 20 30 40 50
8 —
4 Depth=14 m
4 —
0 —
-4 -
A T T T T T
0 10 20 30 40 50
8 —_—
1 Depth=18 m
4 | h
0 —poem ! e g -
-4 — H
-8 T T T T T
0 10 20 30 40 50
8 —
5] Depth=32 m
0 _MM”WNWWWWWW
-4 — v ‘
-8 T T T T T
0 10 20 30 40 50
8 —
41 Depth=40m
-8 T T T T T
0 10 20 30 40 50

Time (sec)

Bl 717 k882 AT E R il BRSO
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Acceleration (m/sz)

Acceleration (m/sz)

4 Seabed (Depth=14 m)
0 —
-4 -
T T , : I
0 10 20 30 40 0
4 Depth=18 m
=
-4 —
[ T T I :
0 10 20 20 10 T
4~ Depth=32m
0 st i oo W
-4 -
I T T I :
0 10 20 20 40 :
4 -| Base (Depth=50 m)
0 -
-4 -
[ T T I :
0 10 20 20 40 :
Time (sec)

B 7.18 % = & ki B RFPE R

B fREE S L AR e e r iz dp ~ 8 E LA
Bofgmt2 AR BoRTELE b 2 4eR] 7.190) % (b)#7TF 0 ok
TR AANLE p e BT B x~¥é;§gﬁw )
Hfcim =~ 15mo A L-F)8g it 2 KT =48 77 437 1.5mo $e 7 38
ZHBHRERBRHE T, 0 P HBARE ] 0 L REE R F

T B P56 P KT 248 A 4R 7.20 #7or o gt
“%%iﬁ%}éﬁﬁ@ﬂﬁaa%’bﬁbu%
BREFERSBE LT BRI L ST
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Hori. Displacement (m)

Vert. Displacement (m)

. e
L}
0 0% %" 00 o
PO 08 o0n 4

Toward Sea

== «Toe
Top
«e++ Toe of L-block

0.4 —
0.2

10 20 30
Time (sec)

(b)

40 50

..g.g..’-“'".................

0.0
-0.2 —
-0.4 —
-0.6 —
-0.8 —
-1.0 —

o o2 0Tl
v v L3 I B A

Downward

= = - Toe
Top
eeee Toe of L-block

-1.2

I I I
10 20 30

Time (sec)

40 50

W 7.19 i3 =4 @)k T % (D)L &
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JOB TITLE : X-disp contour @ 56 sec (-1071)

FLAC (Version 6.00)

L 0.500

LEGEND

6-Jan-10 15:28

step 5961967
Dynamic Time 5.6000E+01
-4.645E+00 <x< 5.126E+01
-4.456E+01 <y< 1.134E+01

X-displacement contours
-3.00E+00
-2.50E+00
-2.00E+00
-1.50E+00
-1.00E+00
-5.00E-01

0.00E+00
5.00E-01
1.00E+00

Contour interval= 5.00E-01
Beam plot

Pile plot
Marked Gridpoints

CE-NCKU
Tainan

B 7.20 53 A 45 2 2 pE(56 #)) kT b 245 A

2. AZFFIVHoRRA

ARV ORRA & GBS KT B BN FIFER ST R 2
B2 A A L-ABE S v R R R > 2SS oR
721 %777 »BFL B 2. B~ 3V KR4 3 4230 105 ) Hapv it 4
R B~ AZFRIV I LE%%&L‘*? 33 FyUIT 0 e T 2 AZFRA K
R h ﬂi&] RT3 334pF 0 X K 2 BF2 £ leopei’a
AR DRI E 'idjrav’fiﬁlé’iu"i“?vi*"‘di* W G
PRl t 535 )R 2 13 BT (R 7.22) e AT A Hi 2 o
S .L%L@*V?@bs’_ iiﬁﬁ%ﬁ@lp@
SARFRIHORRA o LA ARUEERI RIS ERT
Mo St g B gt s REom BRI T AT AR SR AR R gk
TR LR RTIM AT R AR SR IR SHET I
TR e

‘gh'(

7

ol

w
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Excess pore pressure (x103 Pa)

— depth=17.5 m (ST, Level)
A e depth=9.5 m (BF1, Level)
10 — A e+ depth=2.5 m (BF2, Level)
: = = = depth=0.5 m(Bslope, backfill)

i
i %

0 T T T T T
0 10 20 30 40 50
Time (sec)

W] 7.21 AQEEIC MK R P R 1

JOBTITLE:KH120 eyy @ 35 s (10°2)

FLAC (Version 6.00)

| 0.400

LEGEND

6-Jan-10 17:36
step 3730597 - 0200
Dynamic Time 3.5000E+01
-5.934E+01 <x< 1.201E+02
-1.182E+02 <y< 6.123E+01 L 0.000
Effec. SYY-Stress Contours
-5.00E+05
-4.00E+05
-3.00E+05
-2.00E+05
-1.00E+05
0.00E+00

|_-0.200

| -0.400

Contour interval= 1.00E+05
Extrap. by averaging
Beam plot
Pile plot
Grid plot L -0.800
IS T N B |
0 5E 1

| -0.600

|_-1.000

CE-NCKU

Tainan T T T T T T T T T T
-0.400 -0.200 0.000 0.200 0.400 0.600 0.800 1.000
(*1072)

B 7.22T=35 f)pFd-2 3 s+ A i#
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EX: 4187 :)

PR TASILA S L 5 A1 2R L
ot AR T RS TEII AR L FE kTS
17.5m B =3t ST 2. 2 2% &% & 952 BFL 4 4 5 6] 3 12
BlieB 7.23(Q)& (D)1 o A 2 EVHERFIF R LA 2 2 fRF

vk

:\tt?f‘%‘\l
%]
¥

=

i

FLEEEmAAREERZ AL B 72300 (d) s =3 L A
B.is > 2. Bslope 2 3% ot k™ fu Y B BFL 2 32 o i

S TIPS S RN RIE RS S S A VY N A
P RERELERRFERZ I FI R IR oD ARGFLETT A
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Shear stress (xlO3 Pa)

Shear stress (xlO3 Pa)

Zone id (45,17)

40 “Level ground, ST soil

-3 -2 -1 0 1 2 3
Shear strain (x10'3 )
20 ) Zone id (30,35)
Level groudn, leope‘soil
10 — 5
0—----A4--+--F=——11~---{§------Q----
-10 -
: ()
AT Tt T T 1
15 10 5 0 5 10 15

Shear strain (xl()'3 )

Shear stress (xlO3 Pa)

Shear stress (xlO3 Pa)

Zone id (45, 25)

40 Level ground, BF1 soil
20 — {
[0
-20 —
40 4
| |
-10 -5 0 5 10
Shear strain (x10'3 )
Zone id (30,25)
slope with piles, BF1 soil
20 :
0 P d e e
220 4
E (d)
| | i | |
-10 -5 0 5 10

Shear strain (xlO'3 )

W 7.23 % I %352 3 # 125% B (a)ST (depth=17.5 m) (b) BF1
(depth=9.5m) (c) Bslope 2 3 (depth=0.5m) (d) :## =~ BF1 X 3§
(depth=9.5 m)
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4. 2 HEHT 4

dobeif BEFET o BT 20 A 4 B F kot 0 R
BRI E A 2 TR A T2 RARRFIER AR IEL G e
724 957 o PARAE BRE S FHEF 2 G A p 1B R H -
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JOB TITLE : KH120 SSI @ t=20 sec (107)
FLAC (Version 6.00)
7LEGEND —] m —i
0.000
7-Jan-10 10:12
step 2136997
Dynamic Time 2.0000E+01
-8.382E+00 <x< 4.919E+01
-4.686E+01 <y< 1.071E+01
-1.000
X-displacement contours
-5.00E-01
-2.50E-01
0.00E+00
2.50E-01 -2.000
5.00E-01
7.50E-01
1.00E+00
Contour interval= 2.50E-01
Marked Gridpoints 3000
Beam Plot
Moment  on
Structure  Max. Value
#1(Beam) 6.634E+05 4000
Pile Plot :
#2 (Pile) -4.883E+05
CE-NCKU
Tainan
0.000 1.000 2.000 3.000 4.000
(*10°)

W 7.24 23 4ciE B F Bt FF(20 seC)fF 2 3K T 255 BT B4R L

JOB TITLE : KH120 SSI @ t=56 sec (+10°1)
FLAC (Version 6.00) L 1.000
LEGEND r
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Dynamic Time 5.6000E+01
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P.42 | 6.961 |Py12| 9.674
P51 | 6.826 |P,21| 9.763
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