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Seismic Motion Amplification Characteristics at Reclaimed Ground

AE&LARA-ANIT-A AR

Kim, Yong-seong - Kim, Ki-Young - Jeon, Je-Sung

Abstract

In this study, borehole records were analyzed to verify the amplification of seismic motion at the soft
reclaimed ground before and after the main event of the 1995 Hyogoken Nambu Earthquake at Port Island,
Japan. From the analysis, it was shown that the amplification of seismic motion occurred near the soft ground
surface (within 30 m below) where confining stress is low. Moreover, it was found that recovery of dynamic
soil stiffness at the liquefied ground began gradually 3 hours after the liquefaction and completed in 10 days,
when the ground exhibited the same seismic motion characteristics as those before the liquefaction.
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Table 1 Strong Earthquake Distribution in near Korea (during the last 10 years)

Date Epicenter Area Magnitude Loss of lives (death/injury)
2003, 02. 24 396N 77.2E China Xinjiang 64 263 / 4,000
1999. 09. 21 238N 121.1E Taiwan Taichung 76 2,400 / 11,000
1996, 02. 03 273N 100.3E China Yunnan 6.5 322 /7 3925
1995, 01. 17 344N 1350E Japan Kobe 72 6,432 / 40,000
32 ¥ T =Y A7 A5E, 2005



:5A
oo
o,

ek

A

100

Vs (m/s)
200 300

490 Sestometer GL{OOm
00m -2.4m
= 50m Sandygravel
{(Rectaimed)

-20

12.6m
Sand with gravel
16 m$ 190m (R eclaimed)

—1
J

Alluvial clay

270m {Holocene)

-40

Ajluvial sand

"#]-33.0m

-32 m

Depth{m)}

-60

Sandy gravel

J600m

-0

Pleistocene sand

et om

-70

Pleistocene clay

-80

-79.0m
[/l omPleistocene sand
1%

‘83 m®
Seismometer

Fig. 1 Soil profile & Vs distribution

8

24m

2Node number

-50m

v
Element D~ @1®

A28m

Node1~238

-18.0 m

270m

Node1~236
vertical direction ; fixed

-330m|

8
=S
3

4]

T

horizontal direction : free

-61.0m

Node 237,238
vertical direction : fixed

Z90m

horizontal direction : fixed

-83.0m

:

LTI

‘;;eNode number

Fig.

2 FEM meshes

Percent finer, (%)

33_38

0
0.001

; / /Possibxhtyof'
1¢7 hquefactmn

0.1 0.

1 1 10 100
Grain size, (mm)

1000

Fig. 3 Grain size curve of reclaimed materials

Journal of the Korean Society of Agricultural Engineers, 47 (5), 2005. 9

3 7231 999 QARYY BUY FO2 Fof
A 4 gou B dfdxe A4 ASE AXs
(GL.—83m, Hyogoken Nambu Earthquake)E
AEEe] et uA™A dYsilth. Port
Island #/%te] wfF2HdL 19694l #EHoH

It AR EA ol 8HIN(Fig. 3 F1).

2 P
B a7edE ARwasE 9oeig A9
9l AN AEEY Shekg A8 AUES 74

-4y THE

1
a

a2 g-Hi
2 DLH

98 olg# A3
A=

Bad 2Y

A

it

3
.
[SIN=]

e AE A PR
4833,

3

Fig. 4 Elastic-viscoplastic model

G
Go <!

Fig. 5 Viscoelastic-viscoplastic model

=
2R

of

KN
=3

53



A H A kel A &

AA% 3% 54

ARty o g EH?‘%} ARM g 2ol g2 E X3
= Z - gEEE 9901071 dAMY Az g&

&+ 29%sp] ddiMe F&—X*i*é .‘?.Ei_!%
&} (Fig. 4
AdgA ANE Auke ‘?iffé% °§ % AR E
49 (1070l8h) EE 4 4(107°~107%
oly, AZIAl AWAF %‘% E»}ﬁoi avst
7] fdAE old WHE X8 AWAF

39
EQL 797(4{5] Mwhsl 2= 9\)\% ;g —%‘jﬁ:"é _1;_1_%]_
).

ol
b d

_[oe=E T2 T

ol desh dchFig. 5 F=

7}, Aol =5
Fi]_-/\/\ﬂ = 1:-1]_4 ;ﬂ

9 AW 2ol &

F_;*_’é;, Bl
g SEdA (e ;)E S
AEHOka et al., 1999).

d'm'
3(1+e) Om

S|
526G

S+ 0y

KO (F)>

L <0 (F)y (7i—x)

AN g ;& B HPE &5

1 AddidAr, ;2 #HASH %E‘%ﬂ/ﬂ, 0

i HAE olFASHAM, e @AY
KO (F)v A¥

0,01 X AREHE W,
4oz AYYE WYE SELHE BAFE WY
F, er I3Y], x& e~Ing, FAFE A3
ol g ZBAtoltt.
L} BMES| =X EFKAAN gl
B-AAA ndd AHIYE 2TUME OGS 4
o2 vepd 4 Jth(Oka, 1992).

54

X O'.m’
H1+e o';n

E.,'j: 21G1 S,;+ 6,']'

+ oy S0Py (1imx) | o <O (R

Om Ny Oy
’Ma ”mn( ”mn* XMn) _é 81’]‘
7x

A71A, Coe ALY 3

Agre PAgAFoI:

29A%F, Cope Al

Ch e —1 HEREAY ZY

Fa-AaA 249 AWFE SEdME o
9 (3)45% ol JJ.I_‘_E}(Klm, 2001).

. __l_ vev ‘fm'
§i= 36, ot (Si=2Geel )+ gy g %

ey <0(7(F)> (m-,;x,-,-) ey <(Z>(I(F)>

—~

mn( mn mn}
i — Ze = —Z ’fl))‘@z‘;'

Tx

H9AS, G, E Voigt 2429 A
2 ALYAT, e v A HAMYE dAolrh

EM
o

. ofgxjgte] x|Zlat 5%
1995 1€ 1749 2483 Hyogoken Nanbu #]
ARoZAN AdH T AGN Y AWzt
g B4 A A5 e vdgHd FF 54
& YERTh

Table 2= <F %A (Port Island, Japan)el
A AESE AR FFH|(RE dojd A 1
T Haxg 7k AgkEs 7180 E vy

2

.\L
lﬂl flo

dsFetE =23 #4749 A5E, 2005



A8 - A719 - BAA

Table 2 Seismic motion amplification ratio at reclaimed ground (Port Island, Japan)

Group Recor.d data | Max. Acceleration Amplification ratio Time (year) .
(Time) at83m(ga) | 0m/83m |16 m/83 m|32 m/83 m| from 1994.6.28.00:00
46281309 2.25 2333 1.069 1.264 0.0015
47281002 175 1.964 1446 1.196 0.08333
I 4a241151 6.813 1.335 0.546 0.784 0.40957
4b092027 2.938 1.202 0.543 0.564 0.45165
4b100038 3.188 1.343 0.578 0618 045213
Main 51170546 678.781 0.503 0.832* 0.801 0.55681
event Corrected 526.711 0.648 1.072** 1.032 0.55681
51170553 84781 0.336 4921* 0.879 0.55684
51170858 28.625 1.592 3593* 1.012 055719
f 51180525 54.875 1.443 0.829 1.158 0.55952
51181334 31.375 1.397 0.586 0.956 0.56045
51190100 6.281 1154 0572 0.716 0.56176
51190152 4,625 127 0.818 0.953 0.56186
0 51190223 8719 1.505 0.724 1.057 0.56192
51190510 15.25 1.266 0.533 0.781 056223
51260101 5.563 1.949 0.876 1.101 (0.58094
51262308 2.969 2.042 0.747 1032 (0.58346
51280806 8.844 212 0.876 1.537 0.58723
51290941 4875 2673 0.859 1212 0.59015
N 51291602 6.469 2.58 1.043 1.444 0.59087
52021619 37.313 1.732 0.953 1.088 (0.60186
52030436 8.656 244 0.671 1.368 0.60326
52032037 4.156 2271 0.789 1 0.60509
52182137 9.406 1.89 1.266 0.844 0.6463
52240803 5.125 2.78 0.86 1274 0.66119
53051004 2.344 1.72 0.827 1 0.68608
55281034 11.00 2,017 1.017 0.943 0.91627
4 56190838 8.781 2.021 1.249 0979 0.97633
59120630 49,969 1.693 1.023 0.936 1.20896
5a140204 45906 1.31 1.048 0.896 1.38106

*mark denotes error data, **mark denotes second peak, 'a’ and ‘b’ in the name of record data denote ‘October” and
‘November' respectively

of A3t 3 ) €3I Jed AoE IF% 2790 A 7182 324489 %
I, Main event, II, I, IV, V & 67/ 1§28 doz FEAGHoH, o4& E9 Group Main
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Table 3 Soil parameters used in this study

Depg)lﬂ (t;;i 0~24 | 24~50 |5~126) 126~19 | 19~27 | 27~33 | 33~50 | 50~61 | 61~79 | 79~83
Parameters Sand | Sand | Sand | Sand Clay | Sand | Sand | Sand | Clay | Sand
Compressional wave Vp (m/s) 260 330 780 1480 1180 | 1330 | 1530 | 1610 | 1610 | 2000
Shear wave Vs (m/s) 170 170 210 210 180 | 245 | 305 350 303 320
Viscous parameter 1t (kPa - s) 0 0 0 0 |50E+03] 0 0 0 |50E+03[ 0
Viscoplastic parameter m' - - - - 20B-07| - - - |10E-09| -
Viscoplastic parameter Coy (1/5) - - - - {20E-09)| - - - [10E-1}) -
Viscoplastic parameter Cyp (1/5) - - - - 20 - - - 20 -
Viscoplastic parameter By 100 100 70 500 50 | 1000 | 2000 | 3000 | 100 | 5000
Viscoplastic parameter B; 1 1 1 I 1 1 1 1 1 1
Viscoplastic parameter B 1 1 1 1 1 1 1 1 1 1
Stress ratio at maximum compression Mo* | 071 0.71 0.75 0.75 074 | 091 116 116 099 116
Stress ratio at failure state M¢* 101 | 1Ol | 105 105 124 | 120 | 141 | 157 | 124 | 157
Compression index M 003 03 003 03 039 | 002 | 002 [ 002 | 034 | 003
Swelling index K 0.00026 | 0.00027 |0.00054 | 000072 | 005 |000133| 0.0011 | 000114 | 0.00261 | 0.00203
Poisson’s ratio v 025 | 025 | 025 025 0488 | 026 | 025 | 025 03 025
Initial void ratio e 06 06 06 06 17 | 06 05 05 12 05
0 // 0 0 7 0 0 ¢
20 /'v' 20 20 § 20 of .20 20 .
>
5 -40 540 g430 éi"‘o ‘;5:'40 2‘40
§ g § <] <] 8
-60 -60 -60 -60 -60 60
-80 . -80 -80 -80 -80 -80
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