
  ��������	
�

�

�

1�

 

��������	
� 
��������������� 

 
 

�� �1���� ��2���� 
�3 
 

1������� ����� ��� !��"# $%263-8522 ��!&'()*+1-33, 
E-mail: 08TM0308@graduate.chiba-u.jp 

2�������-. �������� !��"# $%263-8522 ��!&'()*+1-33, 
E-mail: ymaruyam@tu.chiba-u.ac.jp 

3�������./ �������� !��"# $%263-8522 ��!&'()*+1-33, 
E-mail: yamazaki@tu.chiba-u.ac.jp 

 

 

� 0	
123456*�789:;<8=>?@345�7@345ABCDE�7@F345�78

G112�7HIJD@KLMNOPQRJSTUVWVXY:HZE=345[\]^H_`STa34
5�78KLMNO?bEc@defg8hiY:2jY:5STkgAlTmf1@nopq8rsf

g8hiY:2ltuv5DwEkgAlTax8ypz{|H}~T=>?@��1�q|A�EUV

WVXY:H�ZDc@Y:8q��v5H;<STa�Q�=UVWVXY:8de�rsfg?��

H�\D345H[\ST���?@��8]^���STx�10]^8��|H��D=a 
 

     Key Words : detection of liquefaction, zero crossing period, seismic ground motion, surface wave,  
      vertical component 

 
 
 
���� ! 
 
� 2004�����i���2007�����i���
w�8��w��A6*ST�@��8�� �¡

¢ w£p?¤¥ST¦§w¨�w©ªA6*STa

«X�d¬®8¯��°±²³´w�8 !µ

¶·¸8©ª2@345¹º?¦T�»v4�¼½

DcET¾¿AÀEa¦Ác��6*Â@9:?3

4586*�7H;<STx�2@��ÃÄr¨o

|A�Ea 
Å0?2@Àz8Æ�GA�ÇÈ�cbu@É�

8��?bÊT3456*�78NO��Q�cE

Ta345�78NO?bEc@defg8hiY

:2jËwTkgAlTA@Ì8mf1@rsfg

8hiY:2ltuv5DwEx�AÍQ�cETa

�»?bÊTÎÏÐÑ8ÒÓ{|2�8ÔÕ8��

È�Ö4?×ØÈ�T²³Ù|?¦ÁcÚtTax

�?ÛDc@ÜÝÑ8ÒÓ{|2²³ÔÕb¦Þß

àd8áâÙ|ã?¦ÁcÚtT=>?@345?

¦Ác�»Aä5D=��?2@ÎÏÐÑ8ÒÓ{

|8åAv5DÎÏÐÑLMAæÈËwT8?ÛD@

ÜÝÑ8ÒÓ{|2ç�Ï�v5DwEaÌ8èé@

defgKLM12@lTq�Hê?��jY:A

hiST8?ÛD@Ì8q�8rsfgKLM?2

Y:{|8v5AÈç�*ëwE�8�ì~Tx�

A1�T1)adefg8KLMNO8Y:8v52@

Fíd4î18ßàdïrð?ñòST�8ó|ô

s?¦T�81lT�ì~Q�Ta"Z8Gõ1ß

àdïHö÷D3456*H{\STx�2øXù

APPTA@S1?�ÇÈ�cET��G1ö÷È

�TKLMNOHZE=3456*8úÍ2@ûK

8øXùAPPQwE�7AlTat=@��ÂS

ü?À7134586*H{\1�T�8�:ýÈ

�Ta 
KLMNOHZE=345[\8f^2@þ�?

��P8f^A_`È�cETa��Q2)���Q
3)2@KLMNOPQ@y�@ypz�	
��

�¸��HZEc34586*H[\STf^H

_`D=aDPD@x�Q8f^2@n?defg

8hiY:8v5HÛº�Dcbu@rsp8yp

z{|?�Ecì�DcEwE=>@��Ñ��Â

8�p?bÊTjY:58¤¥H(�STx�2�

DEaKostadinov and Yamazaki4)���Q1) 2@de
fg8Y:�Ê12wËrsfg8Y:v5��Î

cú�D=ax8rsfg8hiY:Hì�STx

�1@��Ñ8��H3456*���STx�A

�T�� È�Ta 
!"«X$#,8$%��µ&��ÃÄ'X(&

768

土木学会 地震工学論文集 第30巻 (2009), 768 ‒ 775



�

2�

SUPREME5,12@ !«X)*	$%+?,4,000
-.Ø/D=SI0¶1?¦T��p23�$¶4
H56D@Ì8èé2��7Â889Û:á;8�

<?=<cQ�cETaSI0¶1?2@��ÃÄ
Û>8m?�Dc@KLMNO¦u3456*8�

@H[\STABACDÈ�cETax�2@��

Q1,8f^AEX�wÁcbu@x�t1rsp

FG2345[\?HZÈ�cEwPÁ=a 
x§D=��8��AIC�=Â@Å012��

G8zAJ~@KL¦u345�7�M>cÀz8

��NOA�Q�cETa0��12@É��Q�

=N�HûKDc@345[\f^8OM8gr

HPQSaK~c@345�F345�78NOH

MÏ�N�0Rù?��SEc@!"«X$#,

8SUPREME'X(&?bEc@)*	$%+?Ø
/È�=SI0¶1+18$%��µ&345[\
?HZTBw��wf^H_`STa 

 
 
"�#$�%& 
 
KLMNOPQ345H[\ST��2LU8¦

§?VWlTA@tXKostadinov and Yamazaki4)8

]^HYurZTax8[\^12@tX@de2
fg�rsfg8KLMNO8§[\]?40cm/s2

Hi~Tq�PQ\Â?40cm/s2H^~Tq�t1

8ß?�Ec@Hamming_`¶a_HZEceb5
È�=·$	XcWù�HN�z2.56/dt$dt2
qßJG,Hm�8(ß�Dcd>TaÌ�e�8

·$	XcWù�PQ@fg?�È�Thßei

ypz$MIF,HGRSTa'()8¦§?@m(ß
$jkt=2lk,X�MIFHd>@(ß20.1sX
�mpÈÎT�*

 

�

�
�

��

�

���
dfftSP

dfftfSP
tMIF

),(

),(
)(    (1) 

 
xx1@MIF(t)2hßeiypz@SP(t,f)2

Hamming_`¶a_1eb5D=·$	XcW
ù�@f2ypz@t2qß1lTa 
�Q�=hßeiypzHZEc@\�LM

$PGV,A10cm/sKr8¾¿?34586*H[\
STa[\no2@ Hz3/2�HMIF P� Hz3�VMIF
A0.1pKrqrD=¾¿?2345@ Hz1�HMIF
P� Hz3�VMIF A0.1pKrqrD=¾¿?234

58BE@EX�?�sc2tQwE¾¿?2F3

45�È�cETaxx1@tuH2deFG@V
2rsFGH�Sa 
!"«X$#,8SI0¶112@SI�$de8

fg\��,A20cm/sKr8��pAö÷È�=¾
¿?345[\HIÁcETaSI0¶112@d
eFG8UVWVXY:A1.0pKr$=�D@x
8��8KLMy�A100cm/s2Kr,@g$2,1
�CÈ�T®vvw2)DA10cmKr8xySzcH
{=D=¾¿?@3456*�[\È�Ta 
 

MAXA
SID

22 �

�����������������

$2, 

 
 
+�,%&-.	/01234567�89:�

 
0��1HZSTN�2@1998�KL8��?

�Ec2@Kostadinov and Yamazaki4)1HZD=3

45$LIQ,�712-.@3458TB|AlT
$SUS,�75-.@F345$NON,�766-.
8G83�78N�HHE@1999�K|8NO?�
Ec2@0��1�=?ûKD=aûKN�2@

345�72-.@3458TB|AlT�77-.@
F345�720-.8G29�71lu@Ì8m}H
;()?~Sawb@F345�78KLMNO?¼

Dc2@���Dc���1\�KLM$PGA,A
��E�8HI�DcETa 
0��1LIQ @SUS�[ÐD=G9-.8��H

~Sa2000��Y�����8ê°$LIQ,?�E
c2@2000��Y�����Äª����6,1@

��»A���8��$�â���â�w�,1l

u@�$¶4N�PQ�1N�A10Ks1�l
Tax8Y�12@ÀË8345A��È�cbu@

3458TB|AF�?�E��È�cbu@34

5�7�[ÐD=a 

*
'()� hßeiypz8GRµ���

769



�

3�

2003������8K-NET7�$HKD086@
LIQ,2@3458¤¥1��GAkEcE=7,a

2007�����i���8���=¾?¼Dc2@
��6*Â3Å¡þD=��Q?¦T���=¾8
¹���8 ¡$'(<,¦u@=¾¢�+8��G

A�ÇÈ�cET£�?�DEvÖA*ëcETA@

�r?¤�wdGA¥Q�wPÁ=81SUS�D=a 
1999�¦±�����8§¨$TCU110@SUS,

2@'(=?lT¦§?@ Tsosui8©E�â�8r

?lT8,an»2!PQ�ªIË?��c«Ëwu@

«È200mKr?ÓSTaN�A2¬M8F�?E
��A¥Q�@�sdw2m®?��PQ0.5¯
4.0m8«È1lTa§¨8��?2��¦u©E°
|��Alu@!?IË?��cÌ�2±ËwÁc

ETa345STTB|AlT��8r?©E°|

��AlT��12²�2ç�Ï�¥Q�X@��

w©ª2°|��A±Et=2³ËwE�x´1*

ëcETax8°��A©E��12@Ì8s8�

�8345?¦T�8�ì~Q�T�»µs��´

8k¶A*ëcETx�8,w�PQ@TCU11012
°��s5¯10m¬M8��A345D=�ì~T
x��1�@SUS�[ÐD=8,a 

2000��Y�����8K-NET·Õ$TTR008,
12@�$¶4N�?bEc��¦u5mKs
?N�AæÈE���A¸¹ST9,aK-NET·Õ�
�GA�ÇÈ�cETº»8¢�+12²�8¼½

2¥Q�wPÁ=A@ÉË8·Õ¾13458¤¥

�¿C�T�»µsA*ëcETx�10,@K-NET
·Õ�·Õ¾2,600ÀÁ�cETA@Âë¦§w
��ArEcET11)x�w�HÃt~c@SUS�[
Ð D = a  2003������8 KiK-netÄÅ 
$TKCH07,?¼Dc2@Y�?Àz8Æ¶Ç�
8È�rAu�¬É8ÊËA��È�cET12)aD

PD@n?¯>ÌD�8345�ì~Q�@��G

�ÇwÇ?²�w�8¤�w3458¼½A��È

>?@ABC

���DE

���!F0DGHI

>?@ABC

���DE

���!F0DGHI

'(=� §¨Í?bÊT345�7 8)�

�

�

'(J� ÎÉ+=¾8©ª ¡13)�

;()* 0��1ûKD=��N��

�
PGV

EW NS UD �����

1999/09/21��	
���
�� (TCU068) 501.9 362.2 519.8 284.9 NON
�� (TCU076) 380.5 420.4 312.7 91.5 NON
�� (TCU110) 114.1 187.9 116.0 57.7 SUS
����������� 774.9 563.7 257.9 146.6 NON
� !������"#� 989.8 423.1 311.9 130.7 NON

2000/10/06�$%&'(�
)* (TTR007) 573.2 725.4 404.0 46.3 NON
+, (TTR008) 383.6 314.4 307.7 54.4 SUS
-. 301.6 210.0 99.5 60.7 LIQ

2001/3/24�/0�
1��234�56� 425.3 311.9 203.1 24.7 NON

2003/09/26�789�
:; (HKD086) 785.0 738.6 271.7 265.9 LIQ
<= (HKD098) 345.9 366.1 201.6 102.0 NON
>? (TKCH07) 404.1 367.1 148.1 365.9 SUS
@ABCD 324.9 480.4 219.0 63.9 SUS

2004/10/23�EF&GH�
IJK (NIG019) 1307.9 1147.4 820.2 128.1 NON
L�MN��OPQ�R"� 705.9 870.4 435.6 70.3 NON
STBCD 1675.8 1141.9 869.6 150.7 NON

2007/03/25�UVWX�
YZ (ISK005) 781.7 473.5 555.8 102.4 NON
[\ (ISK006) 849.2 717.5 462.2 60.5 NON
]X (ISK003) 396.0 519.0 141.5 44.2 NON
JMA ]X 438.8 463.6 189.8 98.8 SUS

2007/07/16�EF&GH9�
^_ (NIG018) 513.6 667.0 369.0 128.3 SUS
`abCD 464.9 374.1 400.7 155.6 SUS
^_ IC 490.6 388.7 343.0 123.2 NON
cN 437.4 347.2 590.3 126.6 NON

2008/6/14�de
fghi�
jk' (IWTH25) 747.9 1036.2 680.8 47.1 NON
lmn (AKTH04) 255.5 173.1 138.4 15.6 NON
jkl (IWTH26) 210.9 278.5 167.3 39.0 NON
op (MYG004) 678.3 739.9 224.3 49.4 NON
q, (MYG005) 521.4 440.3 665.8 69.5 NON

�r
PGA (cm/s2)

st

�

�

'(<� ���=¾��GwÇ8�� 3ÅÂ8VÕ

770



�

4�

�wPÁ=81SUS�D=a 2003������8
ÎÉ+=¾12@'(J8¦§?@ÎÉ+=¾8�´

Y�1�»AµsD@�´�8ß?àßA*ëcE

TA13)@Ìx1��È�=�A²�P�§PÏ¤w

81SUS�D=a  
2007�BÐÑ���8JMA Ò�?¼Dc2@«

È24m¬Mt1°|�����AÓ�HwDcbu
14)@�s8ÔE�G2äÕ1lT�ì~Q�TaÈ

Q?JMAÒ���GA�ÇÈ�cETÒ��f¿Â

Ö×8ØÉ1²�A��È�cET15)x�HÃt~

cSUS�[ÐD=a 2007�����i���8K-
NETÙ�$NIG018,?¼Dc2@²�w�834
58¼½2��È�wPÁ=A@1µW$RW2Ú

$(`H~SÑÖAö÷È�=16)amf1@ÃÄ

��ÛÜ��.17)2ö÷ÑÖ?¹�=FkÖ|42

345w�8¤¥12wË@lT¬M8	$%HÝ

�ST��p{|1lT�DcETx�HÃt~c@

SUS�STx�?D=a 
 
 
K���������	
��������*
�

345?¦udefg8KLMNOAjY:5S

TVÕH}~T=>?@UVWVXY:?¦Tq�

�8Y:vpHì~Ta0��12@�pKLMA

UVkHÞÁ=qß�H�p8ÑY:�\ßD@Ì

8qßßàH2áSTx�1UVWVXY:H\ß
D=a��

� '(L?@1995�âã�ä���?bÊT345�
7NO8åù%µ¸¶a$��,�F345�7

NO8JMAæç8KLMÑÖ�UVWVX?¦Tq
��8Y:v5H~Sa·$	vèw�8YÑz

é�18GRHICwE0]^1lTA@�pKL

� � � � � �� �� ��

����

�

���

	




�
��

�
��
�
�

��
�
�
��

��

� � � � � �� �� ��

����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

��

� � � � � �� �� ��
���

���
���

���

���

���
��

�
�
�
�
�
� 
!
"

#�$���!�

� � � � � �� �� ��
���

���
���

���

���

���

�
�
�
�
�
� 
!
"

#�$���!�

��

� � � � � �� �� ��
���

���
���

���

���

���
%&

�
�
�
�
�
� 
!
"

#�$���!�

� � � � � �� �� ��
���
���

���

���
���

���

�
�
�
�
�
� 
!
"

#�$���!�

��

� � � � � �� �� ��
���
���

���

���
���

���
��

�
�
�
�
�
� 
!
"

#�$���!�

� � � � � �� �� ��
���
���

���

���
���

���

�
�
�
�
�
� 
!
"

#�$���!�

%&

� � � � � �� �� ��
����

����

�

���

���

 

	




�
��

�
��
�
�

��
�
��
�

%&

� � � � � �� �� ��
����

����

�

���

���

	




�
��

�
��
�
�

��
�
�
��

��

� � � � � �� �� ��
����

����

�

���

���

	




�
��

�
��
�
�

��
�
��
�

��

� � � � � �� �� ��
����

����

�

���

���

	




�
��

�
��
�
�

��
�
��
�

%&

�
$a, åù%µ¸¶a$��,� � � � � � � � � $b, JMAæç 

 
'(L* 1995�âã�ä���?bÊT345�F345�78KLMNO�UVWVXY:�

TUD>0.33s 'T1,NS=2.31 s

���
���
���
���
���
���

��
�
�
�
��

 !
"

�

���
���

���
���
���
���

�
�
�
�
�

 !
"

� � � � ( � ) �� ��

����

����

�

���

���

	



�

��
�

��
�
�

��
��

��

#�$���!�

��

� � � � ( � ) �� ��
����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

%&

TUD>0.33s 'T1,NS=2.31 s

���
���
���
���
���
���

��
�
�
�
��

 !
"

�

���
���
���
���
���
���

�
�
�
�
�

 !
"

� � � � ( � ) �� ��

����

����

�

���

���

	



�

��
�

��
�
�

��
��

��

#�$���!�

��

� � � � ( � ) �� ��
����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

%&

���
���
���
���
���
���

��
�
�
�
��

 !
"

�

���
���
���
���
���
���

�
�
�
�
�

 !
"

� � � � ( � ) �� ��

����

����

�

���

���

	



�

��
�

��
�
�

��
��

��

#�$���!�

��

� � � � ( � ) �� ��
����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

%&

'(M* âã�ä���åù%µ¸¶aNO$��

�,18UVWVXY:8êâ�

�

771



�

5�
M8Y:v5A}~Q�cETat=@���?�

ëìw²�H*ë@��1�°|�AFkÖ:íH

~D=åù%µ¸¶a12@dep8hiY:A

jY:5DcETx�AGPTa 
Ìx1@UVWVXY:HZEc@3456*8

�@H[\STa345H[\ST=>8{îï2

Kostadinov and Yamazaki4)AZEcET�8�®v

w�8@SwC[defg?ÛDc2UVWVXY

:1.5pKr�1.0pKr@rsfg?ÛDc2Y:
0.33pKs�D=aqrqßHðvST=>?@d
e�rsfg?ÛDcxyH{=DcETqßHê

âKRDcEËx��D=arsfg8Y:A0.33
pKs1defg8Y:1.5pHi~cETêâq
ßHñT1�D@ÂV?Y:1.0pH^~cETêâ
qßHñT2�D=awb@defg22FG$!�@
äòfg,lT81@óFG�W?êâqßH�u

Ì8ôHñT1@ñT2�STat=@UVWVXY:

HGRST(ß?�Ec2@de2fg8KLMN
O?bEc@�[QP8FGA\]?40cm/s2H^

~Tq�H[\õöq�tS@\�y�6¹Â?KL

My�A100cm/s2Ks?wÁcPQ5pÂH[\÷
øq� tE�STa[\õöy�2Kostadinov and 
Yamazaki4)�®DËD@[\(ßAnopq�wT

¦§?[\÷øy�H�\D=a 
� '(M?1995�âã�ä���8åù%µ¸¶a
NO$���@NSFG,HZEc@UVWVXY
:8êâ$ñT1,8VÕH~Saù�8jkAde

fg8Y:1.5p@rsfg8Y:0.33pH~DcE
Ta4ú8�G2@deFG8Y:21.5pKr
1lTA@rsFG8Y:A0.33p¦ujE=>ñ
T1�DcêâÈ�wE�G1lTaù�8jû8�

GAêâÈ�c@åù%µ¸¶aNO8NSFG
12ñT1A2.31p�wTa 
'(N?���NO8ñT1@ñT28èéH~Sa3

45�7@F345�78ñT1@ñT28¼½|�[

\OMHÃt~c@345[�8=>8êâqß8

TUD>0.33s 'T1,NS = 0.4s

���
���
���
���
���
���
���

�
�

��
�

 !
"

�

���
���
���
���
���
���
���

�
�
�
�
�

 !
"

�

� � � � � ( � )
����

���

�

��

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

��

� � � � � ( � )
����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

%&

TUD>0.33s 'T1,NS = 0.4s

���
���
���
���
���
���
���

�
�

��
�

 !
"

�

���
���
���
���
���
���
���

�
�
�
�
�

 !
"

�

� � � � � ( � )
����

���

�

��

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

��

� � � � � ( � )
����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

%&

���
���
���
���
���
���
���

�
�

��
�

 !
"

�

���
���
���
���
���
���
���

�
�
�
�
�

 !
"

�

� � � � � ( � )
����

���

�

��

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

��

� � � � � ( � )
����

����

�

���

���

	




�
��

�
��
�
�

��
��

��

#�$���!�

%&

'(O* 1964�����8ü+NO18UVWVX
Y:8êâ�

33.0�UDT

5.1�NST5.1�EWT dtTT 	�
 11

8.01�
T

*+,

-*+,

./012 ))(),(),(()( tatatata UDNSEW�

(ß�\(ý ýýýýýý)ES ttt ��

34546789:; UDNSEW TTT ,,

No

No No
No

No

Yes

Yes Yes

Yes

Yes

Stt �

ftt �

t=t+dt

cm/s10�PGVNo

Yes

33.0�UDT 33.0�UDT

5.1�NST 5.1�NST5.1�EWT 5.1�EWT dtTT 	�
 11 dtTT 	�
 11

8.01�
T 8.01�
T

*+,

-*+,

./012 ))(),(),(()( tatatata UDNSEW�./012 ))(),(),(()( tatatata UDNSEW�

(ß�\(ý ýýýýýý)ES ttt ��(ß�\(ý ýýýýýý)ES ttt ��

34546789:; UDNSEW TTT ,,34546789:; UDNSEW TTT ,,

No

No No
No

No

Yes

Yes Yes

Yes

Yes

Stt � Stt �

ftt � ftt �

t=t+dt

cm/s10�PGV cm/s10�PGVNo

Yes

'(P*UVWVXY:HZE=345[\]^8�

·V�

<=>?@ABCDEF

�

�

�

�

�

�

�

(

�

� � � � � � � ( � ) �� �� �� �� �� ��

<=>?�'#�� !�
"

<
=

>
?

�'
#
�
� 
!�



"

%G%���H�!������IJ KLM���H�!������IJ &�&���H�!������IJ

%G%���	�� KLM��	�� &�&���	��

�$�NI����O������PQ�!����	I�

H�!Q�R�S�T���LP

U�T������V

WX��#P�����

&�I�
��Q���

Naruko (MYG005)

#��T���UH��)��

�YZ�����#P�����

U�
Q���Q��U�[�

\]��#HPU�(�

H�R���!Q��
Q�

^_��#P�����

`V	�ab

	$���!�T��c�����de��

HY!Q���d

`e�#�T�����&������

fg��%Ld����

'T1=0.8s

<=>?@ABCDEF

�

�

�

�

�

�

�

(

�

� � � � � � � ( � ) �� �� �� �� �� ��

<=>?�'#�� !�
"

<
=

>
?

�'
#
�
� 
!�



"

%G%���H�!������IJ KLM���H�!������IJ &�&���H�!������IJ

%G%���	�� KLM��	�� &�&���	��

�$�NI����O������PQ�!����	I�

H�!Q�R�S�T���LP

U�T������V

WX��#P�����

&�I�
��Q���

Naruko (MYG005)

#��T���UH��)��

�YZ�����#P�����

U�
Q���Q��U�[�

\]��#HPU�(�

H�R���!Q��
Q�

^_��#P�����

`V	�ab

	$���!�T��c�����de��

HY!Q���d

`e�#�T�����&������

fg��%Ld����

'T1=0.8s

'(N* ���NO8ñT1@ñT28èé�

772



�

6�

��HñT1=0.8s�STax8¦§?��H\>T

�@345$LIQ,�7A17êþk8sf?lTa
x�21964�����8ü+18NO1lTa
'(O?ü+NO8UVWVXY:8êâ8VÕH

~SadeFG8UVWVXY:A1.5pKr8�
�8ç�Ï�8(ß1@rsFG�Y:A0.33p¦
ujËwÁcETx�AGPTax8�72@��

GA�´+?�ÇÈ�cbu�ypzFG8�pA

ö÷È�?ËEx�@3458¤¥1��GA�Ç

È�cET�´AkEcTx�w�A�ò�wu@

defg8KLMNO8jY:5�Âq?rsfg

8KLMNO�Y:A�� jE=>@êâqßA

�ËwÁ=�8�¿C�Ta 
F345�7$NON,8EË�P2@ñT1A0.8s

KrH~DcETax8¦§w�72@ÆE��?

¥�C�cÆFkÖ|H~D=�7�@rsp8Y

:{|Hì�Dc���Ñ8¤¥A��D��wP

Á=�71lT�ì~Q�TaÆFkÖ|H~D=

�78��Dc@2007��i���q8Ù����
Õ�6�.1ÚXÇ�A	ZQ�Ta��z�

mA��1lTA@�sdwA45m18)�«E=>?

345DwEax8�78UVWVXY:8êâq

ß2@ñT1A,3p@ñT2A5pÕ1lTat=@�
�Ñ8¤¥A��1�wPÁ=�7�Dc2008�

]���+���?bÊTÕ(MYG005)A	ZQ
�Tax8�7��FG����wKLMHNOD

=x�?K~@«�²³$��n»t18«Èz�

À,A@��p8jY:FG?��w¤¥H�~c

ET=>?��D��wPÁ=19)ax8¦§w�7

HKLMÑÖ8Y:{|8åPQ345�7�(�

STx�2�DEa5Z ?2�$¶4N�w

�8�»N�H�>��D@3456*A��È

�T�7P�§PH�L?O�D=r1@0]^H

�ZSTx�A�tDE�ì~Q�Ta 
Krt18ú�HÃt~c@UVWVXY:HZ

E=345[\]^H'(P8¦§?_`STatX@

��p8PGV$de2fg¿F�,A10cm/s�{1

� � ��

�

�

��

��

��

�T '1=2.4

�T1=0.8

1:1

<
=

>
?

 �
 T

 ' 1 [s
ec

]

<=>? � T1 [sec]

�KLM���H�!������IJ
�&�&���H�!������IJ
�%G%���H�!������IJ
�KLM���	��
�&�&���	��
�%G%���	��

�
'()Q* ���NO8ñT1�ñT’18���

&�&���hi�jklmnop0qrs

�

�

�

�

�

��

��

KLM � ) )

&�& ( � �

%G% � � �

H��!������I #�TN����! tuv

KLM���hi�jklmnop0qrs

�
�
�
�
�

��
��
��

KLM �� �� ��

&�& � � �

%G% � � �

H��!������I #�TN����! tuv

%G%@��hiFjklmnop0qrs

�

��

��

��

��

KLM � �� �

&�& ) � �

%G% (� (� (�

H��!������I #�TN����! tuv

&�&���hi�jklmnop0qrs

�

�

�

�

�

��

��

KLM � ) )

&�& ( � �

%G% � � �

H��!������I #�TN����! tuv

KLM���hi�jklmnop0qrs

�
�
�
�
�

��
��
��

KLM �� �� ��

&�& � � �

%G% � � �

H��!������I #�TN����! tuv

%G%@��hiFjklmnop0qrs

�

��

��

��

��

KLM � �� �

&�& ) � �

%G% (� (� (�

H��!������I #�TN����! tuv

'())� _`]^,Kostadinov and Yamazaki4)�!"«

X?¦T[\èé8���

773



�

7�

l����pAæÈE=>34526*DwE20)�

Dc@UVWVXY:8[\HICwEa345[

\HI§(ß1lTt = tS ¯ tE?�EcUVWVX

Y:8��8[\�Ì8qrqßH�GD@�Q�

=ñT1A0.8pKrP�§P13458[\HI§a 
*

*

R������S3�TU*

*
0��8_`]^12@��ÑA��STx�?

¦T�p8jY:5A¤¥D=�[�H�wËST

P 1@rsfg8KLMÑÖ?¼Dc�UVWV

XY:HRJD@ì�?��cETaÌ8�éH¤

QP?STa'(P?~D=·V8§[rsfg8

UVWVXY:Hì�DwPÁ=¾¿?bÊTY:

���pKr8êâqßHñT’1�D@ñT1���D=

$'()Q,arspHì�DwE��8[\no�

HñT’1=2.4 s�ST�@F345�78§[2�7
A345�[\È�@345�78§[1�7AF
345�[\È�T$;(<,¦§?wTaxx1@

� OM2@[\èéA!DE��1lÁ=�ã@

"VN#1OM2@��èéH!DË[\D=�

ã@$¿OM2@³á�Dc!DË[\1�=�ã@

1lTaD=AÁc@%&8N�0Rù12@r

spHì�STx�1345�78[\OM2:ý

D=ç���ËgrDwPÁ=�E~Ta%Â�¸

��Hv~Tw�8ú�A'o1lTa�

rspHì�?��=345[\]^1lT

Kostadinov and Yamazaki4)?¦T[\èé�0��

8]^@K~c!"«X$#,8345%�($)

&$rspì�ÎX,83�8]^?�Ec��S
Ta'())?345�7@345ABCDE�7@

F345�7*�?ó]^8[\èéH��STa

345ABCDE�78[\èé?¼Dc2@[\

(G?SUSH�ÊcEwE]^�lT81@��A
�DEa345�7@F345�7?¼Dc2@r

sFG8Y:v5Hì�DcETKostadinov and 
Yamazaki4)+Þ0��8]^8fA@rspH[\

?�ZDcEwE!"«X$#,8]^¦u�OM

A�Eax8x�PQ�@rsp8q��8Y:v

5Hì�STx�2@KLMÑÖPQ34586*

H[\ST?2¨o1lT�ì~Q�Ta�

Kostadinov and Yamazaki4)2@�pKLM8Y:

v5H;<ST=>?@YÑzé�18GR$·

$	vè,HHZDcETax8YÑzé�8GR

2@_`¶aHpPDwAQSTFTH�ZDY:{
|Hq��1OM¦Ë;<STx�A1�TA@$

%��µ&?,-HI§?2ltu�sw]^�2

EE�Ea0��8_`]^2@YÑzé�18G

RH'o�DwE]^1lu@$%��µ&834

5[�?�D=�81lT�E~Taó�8[\O

M2ç.Â¬M1lT�åwÎT81@_`]^2

��NOHZE=3458$%��µ&[\?/s

w�8�ì~Q�Ta�

;(=?@0_`]^80\OMHt�>Ta³á

 ?2@345�72ç.Szc1JSTx�A1

�cETA@F345�78m�H�1JSTkg

?lu@��2³38[\èéA�Q�cETx�

AGPTa�

�

�

V�WX*
�

� 0��12@��NOHZE=3456*�78

9:;<HPQD@KLMÑÖ8jY:5ST{î

HUVWVXY:HZEcq��1;<STx�1@

345[\HIÁ=aKostadinov and Yamazaki4)A

HZDcE=��N�?K~c@1999�K|8�
�NOPQ345�7@345ABCDE�7@F

345�7H
4@¹���®H��?O�D@G

112NO8N�0RùH5FD@345[\]^
8ú�?HZD=a�

rsp8Y:8qßv5Hì�STx�1@��

Ñ?¦TjY:5A�ò�wÁ=�[\AlT¬M

&61�cETx�A��È�=a0_`]^�Y

Ñzé�8GRHZE=��8]^1[\OMH�

�D=�x´@ç.Â¬M8[\OMA�Q�cE

Tx�A¤QP�wÁ=aDPDwAQ@F345

�78m�A345��[\È�Tx��lu@�

�2³38[\èéA�Q�Tkg?lTa�

x8¦§w�[\H*ë=�72@rsp8Y:

{|Hì�Dc���Ñ8¤¥A��D��wPÁ

=�7�@ÆE��?¥�C�cÆFkÖ|H~D

=�71lT�ì~Q�Tax�Q8�7HKLM

ÑÖ8Y:{|8åPQ345�7�(�STx�

2�DEa5Z ?2�$¶4N�w�8�»

N�H�>��D@3456*A��È�T�7

P�§PH�L?O�D=r1@0]^H�ZST

x�A�tDE�ì~Q�Ta�

;(<* _`]^8345[\OM$rspwD,�

uvwx(%)
86.6%

NON SUS LIQ

NON 76 3 2 93.8

LIQ 10 9 12 66.7

88.4 75.0 85.7

st
yz

{|}wx(%)

~���|�
wx(%)

uvwx(%)
86.6%

NON SUS LIQ

NON 76 3 2 93.8

LIQ 10 9 12 66.7

88.4 75.0 85.7

st
yz

{|}wx(%)

~���|�
wx(%)

�
;(=* _`]^8345[\OM$rsplu,�

uvwx(%)
89.3 %

NON SUS LIQ

NON 78 3 1 95.1

LIQ 8 9 13 73.3

90.7 75.0 92.9

st
yz

{|}wx(%)

~���|�
wx(%)

uvwx(%)
89.3 %

NON SUS LIQ

NON 78 3 1 95.1

LIQ 8 9 13 73.3

90.7 75.0 92.9

st
yz

{|}wx(%)

~���|�
wx(%)

774



�

8�

�

�

YZ[\*

*
1, ��78@�9:�@;s<=>���ö÷ÑÖHZ
E=3456*8[�^?�Ec,��2³��	
�
No.1, pp.35-42,1999. 

2, ��?@@�dA�@��B>345�»?bÊTÆ
�NO8{î?�Ec,�10&Å0����'¶å�_
&, pp. 1223-1228, 1998. 

3, ��<C@�DE@òF�@�0¡G>Æ�NOHZ
E=345úÍ^?¼STnH ��,����	

�,No.647,pp.405-414,2000. 

4) Kostadinov, M., Yamazaki, F: Detection of Soil Liquefaction 
from Strong Motion Records ,Earthquake Engineering and 
Structural Dynamics, 30, 2, 173-193, 2001. 

5, Shimizu, Y., Yamazaki, F., Yasuda, S., Towhata, I., Suzuki, 
T., Isoyama, R., Ishida, E., Suetomi, I., Koganemaru, K. and 
Nakayama, W.: Development of Real-Time Safety Control 
System for Urban Gas Supply Network, Journal of 
Geotechnical and Geoenvironmental Engineering, ASCE, 
Vol. 132, No. 2, pp. 237-249, 2006. 

6, Å0����>2000��Y�����Äª����@
2001. 

7, �»���>2003�������»Äª����I@
2004. 

8, Ueng, T.S., Chen, M.H. and Li, I.Y.: Preliminary study of 
soil properties in Yuen-Lin liquefaction areas,  International 
workshop on annual commemoration of Chi-Chi earthquake,  
Taipei, Vol.III-Geotechnical Aspect, pp.131-139,2000.  

9, ÃÄ��ÛÜ��. Æ�
RùJW Kyoshin Net, 

http://www.k-net.bosai.go.jp/k-net/ 
10,  Å0ÛÜõ6$#,>�Y����� ¡�@

http://www.jecc.co.jp/topics/kb/tottori/shasin/html/yo-
JRyonago.html 

��K�Å0����>2000��Y�����Äª���
��2001�L���Äª����@2001 

12, ê��>http://www.kz.tsukuba.ac.jp/~sakai/tkr.htm 
13)   M���>2003������©ª����I@2004. 
14)� N�OÞPN�ÛÜQ>$¿��.HP@ 

http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0415pdf/ 
ks041506.pdf 

15, Å0ÛÜõ6$#,>2007�BÐÑ���©ª��
��$L�,@http://www.jecc.co.jp/topics/kb/ 
20070325eq/reconnaissance/20070325_Noto_report0405.pdf 

16, RS�@ÂT=U@VWKXY@Z0[m@�r\
Õ>2007�����i���?bÊTK-NETÙ�8ö
÷ÑÖ?�Ec@http://www.civil.tohoku-gakuin.ac.jp/ 
yoshida/inform/chuetsuoki/k-net.pdf 

17, ÃÄ��ÛÜ��.Æ�ö÷]^>K-NETÙ�
$NIG018,?¼Dc@ http://www.k-net.bosai.go.jp/k-
net/topics/chuetsuoki20070716/K-NET_Kashiwazaki.pdf �

18,¡¢_`P@http://www.meti.go.jp/committee/materials/ 
downloadfiles/g71023b03j.pdf 

19,��=¤@a�bcd@��ef@Za[m@YT
ºg @hiô�>2008 �
]���+���?¦T
jkl�N¸8��p{|�mpn�?�Ec@Å

0������o2008pq�, pp.322-323, 2008.�
20)� Midorikawa S, Wakamatsu K. Intensity of earthquake 

motion at liquefied sites. Soils and Foundations, 1988 ; 
28(2) : 73-84.�

�

 
 
 

 DETECTION OF LIQUEFIED SITES USING ZERO-CROSSING PERIOD OF 
ACCELERATION RECORDS 

 
Osamu KAWAI, Yoshihisa MARUYAMA and Fumio YAMAZAKI 

 
This paper proposes a method to detect soil liquefaction using the zero-crossing period calculated from 

acceleration records based on the dataset of 112 sites including records at liquefied, liquefaction-
suspicious and non-liquefied sites to understand the occurrence of  liquefied sites at an early stage. As for 
the records at liquefied sites, the predominant period of the horizontal components tends to be longer. On 
the other hand, the predominant period of the vertical component is not lengthened even at a liquefied site. 
To reveal these frequency characteristics, the change of the period over the time was calculated from the 
zero-crossing period. The occurrence of liquefaction was judged by setting threshold values for the 
horizontal and vertical components. This method is considered to be suitable for liquefaction detection on 
site within an accelerometer.*
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