
 !"#$%&

 !"#$%&'()*+,-./01%234567

8-./9:;<=>?@ABC8DEFGHI,-J

KLMNOCEPQ%RSTUVWXYZ[\E]6+-

^_`a./%9:;<=Ybc\EdeMfD8gh

Yij8DEF]C>k=lmn)+oCp-q`rs

tu+vICw9:;<=%xy0z>-)*tu+%

^_%iNM{|w}~�+��k=%��>�IC-

S����M��BCE�l./%�c>��M�E�

%6��8DEF�w-PQ�%RSTUVWXY��

+�c(23\E]6+-./%0z��Y����M

��+oE�%6��8DEF��% ¡678-GH

I,-¢£¤/¥¦§¨¤©ªl*q«¬!"#$­%®

¯°±¥%!"#$²¨M³´7wµ¶.M·7n)7

wRSTU¸¹%º+-^_+%RSM��-�c%�

¯»%9:;<=Y�c7-./%0zY¼c\E]6

Y½¾w

1)

 F]%¿À-9:;<=678-ÁÂ./+

1.9km/s-ÃÄLMÅÆ�./+ 3.7km/s 6-./0zY

ÇÈ7w�c¿À>vIC-./0z%¼cMRSTU

VWX>Z[+oE]6Y~É7wF«¬!"#$+,-

2Ê%VWXWËÌWÍTEAC ES-8ÎYb�BÏ-1Ê,

^_M-�ÐÑÊYµ¶.³Ò%�cÓÔ"!MÕÖ7-

×CØCRS�%TU<=&ÍÙÚÛÜWÛÝÞGS-11DÎ

ßI%àáYâÐ]6+-TU%Rã�»-äå�»Y

æ±\EaeY�ç7wF�c�MèéE^_+%RS

,-¢êëo1t­%¾YNì8DEF7ß7�I-]%

�Ð�êëoíé%�î�ae+,-ãï:>�>Ið-

JKLM��+NÐ)*¸¹Íñò-JK¸¹6ó\EÎ

Mô[+o�D%>õö+÷EF 

 ²øù+,-¢ú¤(ûüýUþ¤ÿ !!"#$*q­

%n)*MèD8-PQ�%"tRS+9:;<=Y�

c\Ede-�I#M�cBCw¿À6./0z6%$

%:-&'()*MfD8%~ÉYNìwF�èFÿ 

!!"#$,-Æ+ 4,878m %+ÿ!"#$+- !"

>#$BC8è�- !">100%200m&='i7w(

+)*>ijIC8DEF]%�Ð�)*)*ßI-²

"PQ`M²"`a%.+>÷E&=¼c+o-BIM

²"`a% !"M,à[%TU<=&>$Ö+oE]

6ßI-PQ�%RSTUVWXYZ[7w`a./-

s%./:Y~É\E-01% 5å!M,�ô%��

6��8DEF 

 

'!()*+,-./0123456789&

2.1  !"#$%&'()*+,-./0 

)*º%^_ßI`a%./0zY��\Ede67

8-"M)*#¾%!"#$"$M®T¯6Ç%78o

wTU%,à¯Y$é8�cYNÐ-^_`a.&-s

eÍÇ%e-TSP-HSPÎ>÷EF]%de,-'67

 !"#$%&'()*+,-./012345678#9:;)< 

=> ?@ABCD'E@FGHIJKLMN> = 

An Approach to the Technology for Forward Prediction of Tunnel Face 

Using Blasting Vibration Data of Excavation 

- Construction of the Ohyorogi Tunnel on the Onomichi-Matsue Expressway - 

: ;& < =

 !

     > ?& @ A

 "

     B C& & D

 #

      E F& & D

 #

      G H& I J

 $

    

Yasuo Kawabata     Masato Shinji      Hiroshi Watanabe   Hiroshi  yamada    Takanori Tsutsui   

K L& & M

 %

      N O& & P

 &

      Q R& S A

 '

     O F& T U

 (

     E V& W X

 )

    

Yutaka Yanagimori  Kiyoshi Kanematsu   Masahito kobayashi  Hiroaki Matsuda   Shinichi yamashita 

 !"# 

!"#$%&'()*+,-./%2345678./%9:;<=>?@ABC8DEF�³+,!()'*+

WL,-./>0[�7-9:;<=%bck=%��>�IC8DEF]%1�º+PQ�%RSTUVWXYZ

[7-!()'*+WL,-./Yô[\E]6+-]CßIPQ\E^_`a./%01Y¼c\E]6>./+

÷�-]%./%2=�>�3BC8DEF�w-JKLMPQ�%RSTUVWXY�c(23\E]6+-^_

`a./%0z��Y����M��+oE./:�÷EF7ß7�>I-�0+,4KRS+9:;<=Yk=l

m�c\Ede59:;<=%��%6�-�U%&=-×CM78\E@9��%:;L�~É>NOC8D�DF 

]]+,- !"6²">#$78)*BCEÿ !!"#$MèD8-²"^_+%RSYRà¯67-'N\

E !"M,à<ÖYÕÖ7w�+RSTU%=>0zY?s7-`@%õö,AM �¡BíF×%¿À-Cc7

w9:;<=>vICE�cde>DE+o-�w×%xy6�>./0z%�F6%G\E]6YDH7wF  

1.  !"#$% &'()*+',"#%-  2. ./01- 012- 341567-  3. 89: !"#% 0;!<'=>?#@ 

4. AB !"#% CD<'=>?#@-  5.  !"#$%  !EF% <'=>EFG  6.  !"#$%-  !EF%- GHG 

7. EF56@ IJ56K-  8. EF56@ IL56K-  9. (M)NOPQRSTU 

YZ-[-\]- VWX.YZ- - [\]^_- - `abc- - def<NTP- - <g,hijTklmEF 



 

 ! "#$%&'()*+,-./0123#45'

6789 :;<=,=(45>!'"?&@+9 (

AB=;CD'EFG-HIJKLM#=N)>!

2)

O

PQR9&ST@NU(VWX-$YZO[%R9&S

T@N\ :;<]-M+L= ( &̂_#`ab'c

dHI-()(*e(fSg+,hiVWj&;k@$(

lmnoHI-pqrsti-=*uvj&.w'%&

'(x9'/y#%&xL'[%R9 )&

2)

 < 

 

2.2 !"#$%&'()*+,-./0123 

z 01(>n{B|}#$(./01W~X-HX�@

��ZL�2-��Z�5�10m 345�i��(��

Z,8-��iH67�@89R�(��Z@��j&

G�iW�=;X#(:;-�_�<=�U_>456

-ST@H6'X,8?@�,\ 6J@@6= )&

LA�=;BC�_�#pqrst-BCi�)(��

iD�= :;<=,=N'8(xx2E#$F5-G

H.'I�R9;xLO%U

3)

(.JK�HL�"BC

MN�HIiOPJ@Q�=(RS-OP-sti�4

��_@SUD�j&�_<;�=(457-ST@T

U;)UViWZ#W�@XkN);k(.JK�HL

��"�BCMNL = )&

3)

�i5)&>!'"Y

= )&<.JK�HL�"BCMN$(Z["@st

'¡�j&H6\]'c+^N\]-VW@(_#%U(

MN¢@S&`aq'bN*(uv-£�¤¥ObN)

LR9 )&

3)

 <c¦EF§-�de§f¨�©ª«g

¬./01F>�hijkldeHo­mn�o(F®

2007E3p30¯�2010E11p30¯��#$(>n{B

|}#<=�U_@SUpqrst-uv'�°9 )

;'(EF§-HIJKL-qr'«:*(±t²³W

�´�µi5).JK�HL�"BCi!E=;Lxs(

nV"Ntbiuk;v;Npqrst-��'¶89(

EF§-HIJK@·)CDLN\;<<=�U_-V

W¸t-wR$(cx./01-H¹\]'H6'yz

=;\]#%&xL'{¡¹i��;º»NH¹'|}

= );xLOw~-M+L¼?89 )&< 

.JK�HL�"BC�_-½�$(TU;)�Xi

�UX�ST@��Z'��Zi¾ej&xL#SUV

W¸t-�X'��k&Lxs@%&<��"@$(l

m@��Z(HX�(lmno@��Zi¾e=(lm

-¿�@�)�`��´�µ-BCi!Ej&<�8

2)

�458���$(EF�À�1@��=N)W�o_(

!?ÁÂÃ5�`-_5'(>n{B|}#-WZiÄ

5=;U(lmno-���/K�NÅi_5=(��

�ei¾ej&xLi�Æ= )&<Ç;(x98-�

��L= (pqrst��-²���#$N*(EF

¢'noHI-JK¡�iÈ®@ÉÊj&;k-¯ËÌ

Í@OÄ5#:&L= fU(�S'�[jLxsLÎ

#= )&< 

 

2.3 9:;<=>?@A.BCDE,FG 

z X�=;ST@(�1"@$�`��´�µiÄ5=(

.JK�HL�"BC@S&noHIABMN'¯ËÌ

Í�-Ä5MN@��R�;)L¼? )&<x98i

¿k �*X#-ÏYiÐ?@�j< 

�VW¸t-�XiÑ&;k@$(ÂÃG-�`@f)

 (��G�L��G�i-�@ÉÊj&.w'%&<

ÂÃG@�T�|��`�ÐÒ(kË�`L j&�

#$(Ó|�ÔÕ:1|��-��'��Z@�OÈ

*��j&<W��- ri(x-G-��G�L�

�G�-¡���G��#¢j&xL#(£WZ�-

pqrstiÖ�j&<x-¤-��G�L��G�

i-�@W�j&xL'×wLN&< 

¥kË�`#¶89;pqrst-£�¤¥iÖØj&

.w'%&<.JK�HL�"BC'¯ËÌÍ�-4

5@c;\ $(W�¦-pqrst-¸t�£�¤

¥-Ùt(!¤-HIJKLW�CDL-Z�q�i

ÖØ=(45ÚÛqi��= f*.w'%&<  

§>n{B|}LEF|}#-£´�µ-¨(�'y=

)<>n{B|}#!Ej&pqrstAB@f�&

 !"# $%&'()*+ 

3)

 

 !,# -./0123456)*+ 

3)

#

 !7# 89:);<=>?3@ABCDE#

-./0123456)*+ 

2)

#

 



 

 !"#$!"% &'!("#)*+,-.#/%

0"1234567869:;</*=#>?@A4

562345%781$BC+;:;DEFG.H/

I6JK#0"%%&:'L%()M"##N0*&

+N0*&%,BOP%L-Q#0"%RST%"#

OP:(#.UV%/0W19XY'JH<ZD#@

AM[NI3>%T6#23%4516\+]K^7

8_'JK#`F 9aFbcd%e:#f_g1h

/C+;i7j'<E-*H<  

//6=#?(=#>%XY1/0WHDEF#kl

mnopq,;+r?stu1vwD<:,#XY@F

AC+=#BSCDcEIC+#xy%tzV-=FG

C+;H< 

 

 !"#$%&'()*+,- 

3>HI{|M}~�j�|klmnopq3> 

 9aIJKLMN�J�O�OP 

23aIQRS[TUV� 

�� WIRX�YZ[\]^�_R�`a[bc  ̂

3� SIde20f3g14��de23f3g31� 

nopqhRI��2,144m��R4,878m� 

���2,953m��R4,900m� 

i�'KjklI��81.1m

2

�L-��# 

���14.6m

2

�L-�� 

23PI��M���I�NATMM ���6JH<�

�%Em�C=#d�nOU+opqqro1s8CD<

���=tcqOU1s8C#Em=��ou�1vC

+��V-d�nOUF�K�Gwx�C+;H< 

3>%`yI�nopq=�Jz{��%|}��Lb

1,062m�1~iqcnI:w+,K#|}���F,;

+�kK�K� 460mF�WH��nopq6JH<�

�=�G������G�����%b]����1�

�IC#�*-F~�CD����%]l��e����

����' ¡WH<�¢=���I� B�C����

�%��:��'$B)*+;D'#r236=��%

 �+£�F�¤ Q¥'¦i�§C#C¡��%��

I:w+;H<��I���=#̈ ¢T6�20m%£¤

'JK�nopq¥odcT=� 30m�#���'��

�K©ªWH/I6#��&¦,�«��§ ¨�%©

ª1«¤<§¬"�2010f6g¬�6���=��F­

C+�150m©ªC#N®MK%23OP1vw+;H< 

 

.!/0123456789:;<=>)?@AB 

4.1 !"#$%&'() 

(1) *+,-./01!"#$%23( 

M¯#­®¯°18;H �6=#¯°1*°CD±

²�³´��1 �µ%���F#)-F¶´��1 ·

JDK100�200g1L-�1¸B* WH<¯°FM­

WHDE%!±2�1#�*²*³´%k61¹WF"

�µ±C#/*1 �#±� �$V-%ou±�F�

*²*¶pWH< �$%·�º»1ONFWH/I6#

%¬F200�300V#¼&'o¸'%k­�'­±� �

#±#!±�F�*#¯°'¹±C#º¬F±²'± 

WH<¯°%¹±¬T=#¯°½%h¬²%(6ron

 !"# $%&'()*+,-.(/01234567(89:;

4)

<=>?@ABCD#

 !"#$  !%&$ '$ ($ )*+$

,-./01

234567

89:%&$

$

$

,-.;<0=>?@123456789ABC7 

!D:%& 

E=>?FGHIJ?FKL@F0MA0.5msNO@PQRST

UVWA=>?XIJ?LMYZ[ 

\]^*@,-._`QabcdaP4P4e0MAfghW 

!ijUk#lCmZ:[nGnYUHA=opq0*ZHC

:,-.rs0B@tu@,-vwMAxyz0{D:|}~

@��hWA'�Yk#7��0��D:��UL�YZ[ 

�$

,-vw0>��_dS���4P4e7k#nA=

>?F7 !D:%& 

\�F�Y=>LV:��A=o@>��LM>���?7��

L�:h�Y?F�Y��+j7�nmZYZ[ 

\=o@dS���4PMA��?056;0��Y>�U�C

m�WAxJ0{D: ¡Y|}+U¢£L�YZ[ 

�$

¤ ¥{¦§¨©ª�`4&« 

¨©ª�`47,-vw0¬­k#nA=>?F7 

!D:%&[®5A,-.@=>?F !0g¯*n

�[ 

\=>?0,-vwtu0°±:¨©7 !D:[̈ ©ª�`4

/@560M=>?@²��Y³´>�U�C:��L|}

0µ¶MYZ[ 

\ª�`4@?F��j·U¸¹A�?Lº »L�:[ 

¼$

½¾/012

3456_¿

Àc1Á4

de789:

%&$

$

$

¤ ¥{¦§Âw&« 

ÃÄ@kÅ_½¾AJÅeÆ0Çb4@�,½¾7Ä

È\k#nAB@½¾0Éw7ÂÊ9AIJ?@ËÌ

-Í71234�D:56789:%& 

\ÎÏ]^ÐÑ@Ò+ÓÔ^L*ZHC:%&LV:[ 

E=>?@ÕÖ>�@×ØLÙÍÏ0ÚQÛU,°n�WAÂw

U-ÍD:KL@PQRSTU°±:[

 

E��ÈÜ0ÝSÞßU°àáDZ[ 

¼$

¤ ¥{¦§Qâ�ãäc�&« 

Âw&åæ0Çb4@½¾789A�çn�èw2é

7½¾~<0ê#D:[IJ?0ëì0Qâ�ín�

3aU,°nAB@3aU>©�0îÖïLV:��

7ð*nmAJ,n��F7 !D:%& 

E=>Ï0MA56U�ñlCmZ:��AÕÖ>�0h:ÚQ

Û@×ØUYZ[ 

E=>?F� !?F�@?FòáÝSÞßºÂw&0óôõ

lZ[B@+jòMAö÷@=W[ 

Qâ�ãäc�øù>ú1S�aûü4`4øÂw 

¼$

ù>ú1S�aûü4`47½¾0ýGþAIJ0h

ÿm,°D:3aù7 !D:%& 

EÕÖ>�@×ØLù· »Ï0ÚQÛU,°n�WAù·7 

»D:KL@PQRSTU°±:[ 

¼$

B@ $ ¤ ¥{¦§Ù!"y#O�8#&« 

Ù!¬$0"y#O�7ê#nA,-?@"y7%­

 !D:%&_õ&1�'(%)e 

\=o,-LM)*L�YZ��A*+�,9@'�Y-.L¡

pD:[ 

\,-/0¬$A1�41(@"#0"y#O�7ê#nA��

L2HC: !?F� @3&�@ó475�[ 

¼$



 

 !"#$%&'( !)*+",-./01#/$.

 !/0-23#$4.-56%789:-(510;<

=-0>1,000msec.&'-"?#$%@AB.C;(#

/$.8DE#FG-5H.$((FI;)*J%8$

+"/0.+K1LM#$%&'JNOP"$(,&J

QR5;)*J-."FSPDT% UFI-.+"/

0(5&.E#FG.+KV+"#$/01W'X#$%

YJ2;/Z[.+K(5#/$JNOP+"/01(

)7J*#\]$V5^_;)5+0.+K-4,-.

+"/0.12V`a$&X)*5bc.NdJ+"/

0.efJg=V3h*'$ij(5C;J+"/0.

.4.58DE#FG1LM#$&X1k6X#$% 

 

(2) !"#$%&'()*+%,-./01 

+"/01ef#$lmXSP5234J7#NdJ

8n).lmVo$%/9*

4)

(5+"/0.ef.g

=5pqrsV5tu7Jv:;q<=!7>?.tu

@wxyz{|=.^?g=J}B8AB1C~$&X

)*5+"/01g=�Tef#$&XV��XSPD 

$%YJ UFI-(5D0$1��1d�-.E��

 

 

 

 

 

 

 

 

 

!"# $%&'()*+,-./0+12 

 !"#$%&'()(*+,-.)/012'(/34/56789-

:2'(:56);</4=>-<?/@'AB *- CD7EF1

G5HIJKL25!MN'/OP+QR>-5"7'HST/#$1

UA>-V%'&'L(FW*+,-V&)X*+,YZ-.Y[/&

EQ730LD 

 Q\]^/IJK"7_8`2N'a/]^bc/QR>-5"7de

>-Vfg2Q\h)N'aidU/jkF1GV 

l@mnop p p p p p p p p p p p p p p p p p p p p p p p p p p l@m0op

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

!"3 45*+,-./0+12 

 qQrs/'^7tuv92w)'^7xyzZ{"Y|}/~

1>-VN'a/rsB@m12t^B\�W*-w:L2@m

ai)STB23W*-V 

 @mn)g��2rs�g�:456B�7g�:�P+��2

rs�g�/��2456)45B�8�/9u�&10kΩD2'H

�rs�g�7(*2w):u)'��:-/�,V@m0�r

s�B�^12xyzZ{"Yg��7'(B(*2456)'

�1.5V7��>-V 

xyzZ{"Y&t^�Dp

xyzZ{"Yg�p

 !"#$%&'()*

+,

+,

-.

/01

/01

23"4

56

A

7

10

89

56

B

7

10

89

:%;<=

56>?@A(

)*BCD56

EF

0

.

GH)*

56

A

IJK

0.0003

LBMNONPQRS

@A()*756F

0

9

@A

 !"#$%&'()*

+,

+,

-.

/01

/01

23"4

56

A

7

10

89

56

B

7

10

89

:%;<=

56>?@AB

CDEFG

H

1.5V

BIC

56

A

J

B

KLJ

0.00015

M?@NONPFG

QR()*ST

ST

 rs)N'F)�^&;<=)>?@D:xyzZ{"YF)'^&ADB��12N'a)9'(L2xyzZ{"Y)'^B��'(7B,p

M>,CDBR�-Vp

l@mnop p p p p p p p p p p p p p p p p p p p p p p p p p p l@m0op

 

 

 

 

 

 

 

 

 

 

 

 

!"6 78'9:;<*+,-./0+12 

 ��1G'^7E�FGJLH�2qQrs/H�12

w)'^7xyzZ{"Y|}/~1>-V@mn�p

g�B��W*+��2'H�(*�,Vp

 N'/OP+rsB@m12qa'H7N>�[Bbp

c/R�-w:L2g�/'HB(*2@mai)Sp

TB23W*-Vp

 @mn�2g�B��W*+��2��'(B(*�,V

1cm

 !"#$%&'()

*+,#$-

 !"#$%&'()*

+,

+,

-.

/01

/01

23"4

56

A

7

1

89

:%;<=

)*>?@AB

CB

DE<

V

FGH

)*>?@AIJKLM>NOCBP

QR()*ST

ST

 !"#$%&'()*

+,

+,

-.

/01

/01

23"4

56

A

7

1

89

:%;<=

)*>?@AB

C>D@EF

)*>?@ABG>HIEF

JK()*LM

LM

xyzZ{"Y&��J� z¡�Dp

Q\] p̂

5HIJKIp



 

   !"!#$%&'!()" "#*+',#$-

#.!$/$%&'%()!0$&'1234567(

8*9$%&4:'%/; <=1$>?@A*'67

BC 6D-)E;/$F!"#*+'%*; GH

4)

!0$67BC1+E'I;!J&,-K.LCMNO'

()" "#.P67!Q/RS@FTU'JVWXYZ[

\]8CMVW0^!XYZ[\1]8S@A*'(8

-'(S450_!`ab() c1d5'% XYZ

[\-XY1)?@.1(e.1&#$B2'fghK

ij*kRS@FT1*3S'l/m/ 67BC n4

&kRo15S@FNO 6D*+'%/;kRpq4

B2 rs;J+tCU'JuvK,-6.CU'J&,-

K.LCU'w0xJVWXYZ[\]8CU 4/7 

67BC16yS@F4w'J0#2hzK{|1L.L

CU+'JuvK,-6.CU0}oq-8$& %&

4)

s;'NO 6D~2s;95�5$F 

$"%!J+tCU 67:�&(8 <=3415

#FI;!$"&!JuvK,-6.CU'$"'!J&

,-K.LCU!�5�5#F 

4.2 ()*+,-./01234567 

� $"8!\�(8 �;"8�1'$"9!\�5{

67�1'!":!\�(8 �8�15#FXYZ[

\+'��!��S�5$���!3�4�1]8S'�

�!+596h:L<=�&% �>.P16y#$@

E XYZ[\1�1"8S@F��&��?@� A

�;^!\�BOX1"8S'%%!+'DC<K.'|

L���L'596h:L<(8MO�T1=>S�5

$FNO ��*+'BQ'596h:L< (8s;

�'XYZ[ \�(8 ?�s;�'@A#$!�C

#$BuD-CES'�>.P1FG!DH*b45E

L{-?IS@F%/; ~F&S�'�J ~�1�

S'BuD GK!LHS@F 

MN* e�1DC<K.!�Oc'PQj�L!0$

BuD�-K-j&EI#0 J01d�@F 

!596h:L<'XYZ[\ ELKj!5LjLt

1R5@F 

 !"# $%&'()' *+,-.#

 !"#$

%&'

 !"#$%&'()*+,-./0123

('

 

!

"

#

$

)*+,-./01

234

$5678

9:;23<:

$5=.>?

%

&

'

(

 !@A

 !"#$

 !"#$

,!/# $%&'01#

  ! "#!$%& '" 

#$%&' GSD-1D(GS-11D

)()*+*,-+

.-) 

Max50cm/s,,#/014.5Hz 

-&2.564kine/V 

234.5./.056* 

7.8192 ES8(TEAC: 8ch.,;<=><?5kHz 

LX-110(TEAC: 3ch.,;<=><?48kHz 

DC4<= 6L01(NEC56) /01@ADC75kHzB 

CD0.17100 

 !2# $%3456#

 !"#$

%&' () *+,,-

./012

34567859

:;<=>

?*-,

@ABCD!E

FGHIJK

2LMN+

OPQRS

TU

@ABCD!E

TU

QRV

 

!

"

#

$

%

./WX

<!Y

78!9# :;<=>?@A(BCDE$(F'*P1GP3. 

 !"#$%&'(

 !

)*+',

"##

 

!

"

-./01

23

 !"# $%&'()*+,-./*01234P25 



 

 !"  !"!#$DC "%#&"!'()*$$%

#$(&%+,- 

 

4.3 !"#$%&'($)(*+ 

. /01 23456& 23 '('78$)9:;

('(<=>?$@( :;(')+$A *+,**

%+,!B('(<=>?CDE-FGH=-I,$/

01 6J.K )K/K$)KLM&NOP8$.K

E02+,Q$23R1E-STCOP$.2C/0U

V(WFXYCZCZ[\]E^=-__X8$.K)

K /`]ab0+$,-./&3<Nc&d4+5"

B1e&6J.K(6F+,>?fP1gT+,*7&5

"2!"f375mm$L=300mmg()*$A hX0.

1 Nc&45X.K(6F+,>?fP2gT /0i

j kl(mO,-d4+5"B 1e& 6FLM8$

8n4Bo!&.K(6'X6F+$8n4Bo!(d

4+5"B 97T84B V&9p$:,*$;< 

=V(45X6qPZ=-I,$/0.K )Krs:

.KR1 ;1<&NOPJFij&ontuEvw=

[\]E^=,q$x9<=d4+5"B2=>&6J

.K(6F+$.KV yzUV <:/0ij kl

{|amO,- 

4.4 &2*+$3456 

(1) 789:$&256 

. 0./;$0.//&>C=}~X �?UV {�

ij(3<-C�$ ?4B@!+ }vU�f#A0

���@ �B�g(CDX3+,-ij�&8$�E#

M�$���%FG4#M�$�HAB%C!M�Ta&

0.2ms  DEFf�!�d�! C%#,%G��I

5kHz$0.2msgX�?UVE{�GHPZ,-W&0.

//&3<}~X8$HAB%C!MfH#UV {�g

TJ LMf�?UV {�gT V8$0.2ms �FX

ID<EJ�$H#T�U&�?+PZ=_TE2KX

Y=-K"�

4)

 ��X8$H#*$�?IX V&0.5

�1msLD ��InGE^=TGHPZ,E$��8$

_HT>C=ijX^O,-���X$_ LM(.�

�&<=_T8�+ZE$NU JFE"8dG6J.

KX^O,_T$}~M:O�E���T ¡�T N

ZE^=_T$.K ]\:O¢E£¤+PZ=_TC

DE¥MT+P^P�H=-C�$0.//X���%

FG4#M�$�HAB%C!M�&kP$�E#M�E

0.2ms QHPZ=_T8$K"� bRT�¦ijX$

E# ST~QUV ��InGERS+,a Tb§

�H=- 

 !""# 2010/3/17 15:26$%&'()*$+,-.  !"/# 2010/3/17 10:12$%&'()*$+,-. 

 

 !"

 !#

 !$

 !%

 !&

 

!

"

"

#

$

%

 

!

"

"

&

 

%

 

!

"

"

&

$

%

 

!

"

"

"

 

%

 

!

"

"

"

$

%

'

!

 

 

 

 

%

'

!

 

 

 

$

%

'

!

 

 

'

 

%

'

!

 

 

'

$

%

'

!

 

 

(

 

%

'

!

 

 

(

$

%

 

!

"

#

$

%

&

 !"#$%&'()#*+,-$

'()

*+,-./0)

 !"#

!

!"#

!"$

!"%

!"&

!"'

!"(

!")

!"*

!"+

#

 

!

"

"

#

$

%

 

!

"

"

&

 

%

 

!

"

"

&

$

%

 

!

"

"

"

 

%

 

!

"

"

"

$

%

'

!

 

 

 

 

%

'

!

 

 

 

$

%

'

!

 

 

'

 

%

'

!

 

 

'

$

%

'

!

 

 

(

 

%

'

!

 

 

(

$

%

 

!

"

#

$

%

&

 !"#$%&'()#*+,-$

,-.

/012345

67819:

 !"#$

 !"#"$

 %#"$

 &#"$

 '#"$

 (#"$

"#"$

(#"$

 !#"$

"#"$

!#"$

(#"$

)#"$

'#"$

*#"$

 

!

"

"

#

$

 

!

"

"

"

$

%

!

 

 

 

$

%

!

 

 

%

$

%

!

 

 

&

$

%

!

 

 

'

$

%

!

 

 

(

$

%

!

 

 

)

$

%

!

 

 

*

$

 

!

"

#

$

%

&

'

(

)

*

+

,

-

.

/

0

 !"#$%&'()#*+,-$

 !"#$%&'()*+

,-./

01234

 !"#"$

 %#"$

 &#"$

 '#"$

 (#"$

"#"$

(#"$

 !#"$

"#"$

!#"$

(#"$

)#"$

'#"$

*#"$

 

!

"

"

#

$

 

!

"

"

"

$

%

!

 

 

 

$

%

!

 

 

%

$

%

!

 

 

&

$

%

!

 

 

'

$

%

!

 

 

(

$

%

!

 

 

)

$

%

!

 

 

*

$

 

!

"

#

$

%

&

'

(

)

*

+

,

-

.

/

0

 !"#$%&'()#*+,-$

 !"#$%&'()*+

,-./

01234

 !"0# 2009/12/15 13:30$%&'()*$+,-. 
 !"1# 2009/12/15 9:02$%&'()*$+,-. 



 

 !"#$%&'()*+,- ! ."/!0#1

+2-3456789:;<=0!"#$>!"#%2&

'?@(A>B"$3#$8%&;<$345'CDE>

(AE ! ."/!"9)>0.6F2.6msG%HI45

 HIJK= 

L MNOE>B"67345PQA>&H3 ! ."

/!+R 0.2msM*C>STU?@8+5VK",<W

I>PQ"-.8'( XJ/001"234220mC

YZ674ms3[\>STU?@5.0km/s]^!HK]>

_3O`X5ab3cdCR 0.2F0.3km/sG@3)6C

DK=2CDE>*J(V 8e+;>##1+,"OK

B"67345+8fJK_-C,gh7VKPQ]^

!HK_-]-.;<= 

 

(2) &'()*+,-).-/012345 

L i !8j."k/l<P1>801/j*"&'?@

(8)*;< P2 3&'?@35mno8!"#6"9

V=&'YZ6p823C9;<=_363qrPQ"

A>&'YZst!4u:]5;;IvE>YZ6p]

<"wwXWIJK]>P1>P2-R" ! ."/!t

!25.6ms$>x6"&']YZ;IJ<=YZ$3&'

?@A>6U=Ay>;IJK]>&'?@3z{ A>

i !8j."?r;<P1]P2327G@3z{ -

XWIJK=,|A}@UX~3-.C>YZ67]8

XK_-R�A;IJ<]>(qB*3)*C*0���

}@2C>&'3YZ67"68]��XJ_-]DE

C{<=&'?@3z{ A>?r�+"OK68].

DCDE>&'?@3z{ 8x6"4�VK[\AF

G8�VKPQCDK=!"#7"9b;\`i !8

j.0421.2m2")*;<&'?@(0P1>P323q

rPQ89V=YZ67R5mH�R:(y>;<no

8;;IJK=xycdC)* H<B*3&'?@3

5mno]x�_-t!>B*I3?J)6A��XJ

R3--KC{K=Xv>!"#6>!"#73PQA

<=3��Cx�H�8DE;IJK= 

 

 !"#$ 2009/12/15 13:30%&'()*+%,-./ 

$ $ $ 0123128.1m4567895.0km/s 

 !":$ 2010/03/17 10:12%;<01*+%,-./ 

$ $ $ 0123119.5m4567894.9km/s 

 !   "

 !  #"

 ! $ "

 ! $#"

 ! % "

 ! %#"

 ! & "

'$! "

 ! "

$! "

%! "

&! "

(! "

#! "

 

!

"

"

#

!

 

 

#

!

 

#

#

!

 

$

#

!

 

%

#

!

 

&

#

!

 

'

 

!

"

#

$

%

&

'

(

)

*

+

,

-

.

/

0

 !"#$%&'(#)*+,

)*+,-./

0123456$7

0123456%7

 !"#$%

 !"!#$

 !"!%$

 !"!&$

!"!!$

!"!&$

!"!%$

!"!#$

 &"!$

!"!$

&"!$

%"!$

#"!$

'"!$

("!$

 

!

"

"

#

!

 

 

#

!

 

#

#

!

 

$

#

!

 

%

#

!

 

&

#

!

 

'

 

!

"

#

$

%

&

'

(

)

*

+

,

-

.

/

0

 !"#$%&'(#)*+,

)*+,-./

0123456&7

0123456#7

 !"!#$

=!>$ ?@ABCDEFG%&'HI!&JKLMCNOEPQRIHI!SJKL 

BL  ! "#$%&' 

() * 

!! ""#$+&%&'(* 

, %&  ! -./%&/.'( BL).01 2 

* STA.872+1.0+871+30.0 

,-71m311 2 

, .STA.870+57.1 132.4m+65.2m 45 

/ STA.870+15.6+869+14.6 

,-101m315 2 

, 0STA.869+40.5 66.9m+26.0m  216.+2315 

, 4STA.868+80.5 124.4m+35.0m 45 

, 5STA.868+22.9 111.6m+83.0m  2166+7315 

 !"T$ ?@AB USTA.872+1VSTA.868+22W 

 ! "#$%&'()*+,-./0%12%34562789:;<=>!

??@.ABCDEF127GAHIJKLM!

 !"

#!"

$%%&



 

 !"#$%&'()*+,-./#,'01 

5.1 !"#$%&'()*+,&-. 

 !" !#$%&'()*+", *-./0$12&

34#,", 5-./67/01820349$:;4

<=812%&&)>?) STA.872@8718ABCD'

100m(EFSTA.870@869)2!G)*HIJKF; 

 

(1) 567589:;!"#$%&<=&>? 

203@9*-. 5-.)(+,() !L-M

1BL)4..02BL)4./7N"98(+,(9N:

OPQRST)UVWX7$:;04.0Y'(Z[9

1\(+,()#]9NK8PQRSTL^_`aO2

b7$KcMF; 

4..=8(+,(L70m#]:Od98PQRST

L4.0km/sCD5.5km/s0$%3ef945KcMO;B

ED)ghCD8ij)*+.CD4..9bklmW

XL&69noKc[`2bL'pO; 

4./Yq798(+,(100m)dH85.0 km/sCD

5.5km/s03ef945Kcrs84./9bklmWX

L&69noKcMO;(K8ij)*+.H)PQR

STL8`8A))t=*9CHuO;4.L+aEv8

PQRST)UVWXL+aOB0L:;H_F; 

4..8/0Y98(+,()#]91\PQRST

)w<LuOxH8A)wy#z{|}6L=a`8~

�9�O>�)��*+HY8�<)�THPQRS

T7?�H_OB0L:;H_F8 

 

(2) AB;'CDE;!"#$%&FG"&>? 

2BL)4.@8/8,9rkOPQRST)UV7

203H9$:;BBH=8*-.05-.)xd.

)A�7����),(�9-BKF�H8A)�)

PQRST7��:O",0KF;./=����/

�b),(�780/=PQRST7$KF;�F8

C1)0/9?�KFPQRSTD)*-.05-.

)(+,(7$KF; 

 4.@CD4./H=8,(�9NK84.5→5.5km/s

0$%%EKcPQRSTL45Kcrs8lmWX

L&69noKc[`2bL'pO;BE9NK84

./CD4.,9FKc=8STA.869 >?H8�2P

QRSTLGHK8A)34594�cMO;lmW

�L5oK8A)3��noKc[`WXLI<H_

O;B)�\9PQRST)4<)xH8JLGH2

b7$:B0=8lmW�L5o:OB07�K:O

B0Hus8����)xH)���"0Kc��H

_O; 

4./8,9�L8*+.04.)(+,(L6M

4.@LPQRST)z{|}L^_M;PQRST

)?�9MF c=8¡¢_*+)",A�7N:9

£¤:OB0L¥¦H8§9(+,(L6M0BOH=8

B)�TLPQRST)?�gh9BP7QpOB07

$7KcMO;BE=8203H)8H! F+�JL8

4.@8/0Y98q�*+H*¨KcMOB0CDY

©9H_O; 

 

5.2 IJKL&MN&<O+!"#$%&PQRS+&

TU 

 ª«)!" !9rkOIR)lm)w<0PQRS

T)UVWX)N��7/0V9$:;¬D9'(:9

�­9S;Kc<TKFl®UV¯7203W9$:; 

IJ°9rkO%&'()lmW�)w<=8±H)

>sHuO;STA.872+0±²8CW=lmCDCX=lm

YZ[0lmW�LnoK8STA.871+20±²=8CX=

YZ)lm9NK8'()>³=CW@D=lmLUV

:OW�LEMF;A)3STA.870�H8q79'(>

³9´\L�µK8�]'(¶Z7?·O�H9-L 

FL8�9@³#12&³69=A®aCX=lmLU

VKcMF;A)3STA.869�H=8'(¶ZLCW=

lm0as8AE±²=CX=9w<KcMO; 

BED)J°gh9NK8$PQRST)UV2bCD

I<KFlmW�/0$PQRST Z̧)^_¬CD¹

º¬EOlm»=/7AE¼E�½¾¿:O; 

 !"#$ %&'()&'*+,-.,/01234567$

+89:;'<=>?$

 !"@$ 2BL/AB234567+89 

:%&'()&'+CDEFG+34567=;'H=>=I? 

 

! 

"  

"! 

#  

#! 

$  

$% &

$%!&

'% &

'%!&

!% &

!%!&

(% &

 & # & ' & ( & ) & "  & "# & "' &

 

!

"

 

#

$

%

&

'

(

)

*

#

+

$

,

-

%

*+,-./0

123 124 125 6728972:+;*+

 !"#$%&

 !"#$'(

 !"#

 !$#

%!"#

%!$#

$!"#

$!$#

&!"#

%"&"'"(""()"(%"

 

!

"

#

$

%

&

'

(

)

*

*+,-.+,-/0120345

6,7

6,8



 

(1) !"#$%&'()*+,-./01234567

89%+:; 

 1BL!"#$%&'()*+,-./0(1234

536789:;<=>?@A#BCDE"FGH

I>?75J 

K2BL!"#)*+,-"89:;LMN"OPQRS

<=>#$%&'3@7?(TUV3"89:;<

=>NWXYZ#FGHI>?775J 

[2BL\]!"#$%&'!^2_9:;`abcd

Nef`g5`#)*+.hi3jk`lc7mn

opYZqr3sCcd?75Jt.Nu#vwx

yzw.${/0YZBCcd5hi|.$%}

~"#)*+,-X���89:;LMN"OPQ

RS<=>#BCDEXHI>?75J 

�2BL.o|2!"#$%&'!mnTU`_9:;

=>Nef`g�N`#)*+,-(^���>N

ef`gA#BCDEXHI>?75J 

 !"#$%&' ()*+,-.%/!0 !12

34567%089:;6< 

 

(2) !"#$%&'()*+<=>01?@>AB67

CD%+:; 

EFGH*IFJ=">?@=*A#B$34*CD

EF=%"G+,H#=I&* !"#$%JKEFL

1M2NO'$P(5)B"3456<QRS:*T3U

+,%-5.%=?6.&V/W)*EFGH%?@=

XY%JKEF0$'ZH% !"#$L[:;4\]*

 !"#$%JKEF%(5^(!L01_;456<

`%Ua*b)+,0%*+2,)cd=?6+,%-

.L3434567%089:;6<5ef=&'>6

 !"# $%&'()*(+,-./012(3456-(78 

 !  !"# $%&'()"# 

"STA.872+0 *C#$%+'&', 

-.+/0()'1*23C#$%+'"+,-./4506 

-718STA.873+092:34;5<D$&'4=>6?0@7/0506 

STA.872+3092:C8$&'4=>9?ABC:2:;<050 !;=>D6 

-718C8$&'4502EF3STA.872+3092AB:&'GHI?J;@2EFD6 

-AB18C#%+KL:C8$&'4MC0:NDA<0OD6 

 

1BL8PD 

STA.872+0" 

STA.871+30 

*C#$%+KLC8$%+EQHI, 

-718C#$&'KL:F,R()'1*4GOSC8$%+'"+,-./E;<0H

ITD6C8$&''50 !4;<0=4B:C#$&'G;<0IGTD6 

-718@72U5023D$&'GSTA.871+60VWR=>KLJKD6 

-AB18C#QC8$&'4MC0:ND6 

-1BL'(LM44.0→5.5km/sQ

NXQQY0HITDZJR5

02U[B:\'?JG=>'H

OQPQTD6  

1BL8RD 

STA.871+30

" 

STA.870+57 

*.SC8$&'KL=>9D54C#"D$&'%+0HI, 

-718STA.871+2092:=>9?ABC#"D$&'4@7/0502EFD6 

50 !G;<0=4B:]^=>9?D5;TFD6 

-AB18C#QC8$&'4MC0:ND6 

-(LM'RD'"#4:4.5"

5.0km/sQHUOV4_LN36 

 

2BLPD 

STA.870+16

" 

STA.869+50 

*C#"D$WX&'KLC8$&'EHI, 

-718STA.870+4092:=>9?D5;TFUS3D$&'GSTA.869+95&LR=

>'8Y;TFD`R504=4D6aNAB=>GZb)I2:STA.869+94.6

9232mc;D8-bi'de[fgh;ijTD6\2:=>6?kAB1?l0

G:],OC8$Y^_TD6 

-AB18C#QC8$&'4MC0:ND6 

-(L ,̀a44.5→5.5 km/sEQ=

>'NX05SHITDZJR

502US36 

 

2BLRD 

STA.869+50

" 

STA.869+22.9 

-718STA.869+7092GC#$%+'&'QOB:STA.868+7092GC8$%+QO

D6 

-AB18C8$&'4WXQOD6 

-bcmn'RD:(LdR:]e

5.0 km/s0foTD4:gp5.5 

km/sEQHITDZJR502

US36 

 

 

!

"

#

$

$

 

!

%

#

&

$

 

!

"

#

$

$

 

!

%

#

&

$

 

!

%

#

$

$

 

!

$

#

&

$

 !"#$%

 !"#

&'()

 

!

%

#

$

$

 

!

$

#

&

$

 

!

$

#

$

$

 

'

(

#

&

$

 

'

(

#

$

$

 

'

 

#

&

$

$%&'

 

!

$

#

$

$

 

'

(

#

&

$

 

'

(

#

$

$

 

'

 

#

&

$

()"*+  !"*

 !"*

$%&,

$%&-

$%&.

 !"#

 !" #!"

 !"#$%

&'()

 

!

(

 

(

(

 !

 !

 !

 )

 )

 )

 )

 )

 !

 )

 )  )  )  ) !  ! ! !
 !

 !

&*+,-.

 " #

"

#

!

 !

 !

/01234567849:;

5678

<

 )

 !

()

(!

/0123=>?@AB

CDEF

GDHFCDH

IDHFCDJ

KDEFGDI

FIDH

56LMNOPOQRS

TUVWPPXYZ[\]^_`

abbc

def3gh@??IB

/0123g>?@AB

ijkl

mn opn

HqJrs HtHrs

IDtK IDtE

KJE KGG

EDqq EDHC

[\]^]uvw

[\]^]uvw

9!:;# $%&<=>?)@AB9#



 

  !!" "# #$$%"%&'!()$$#$(

&''*+(,-".#/(0$12345$67#8

9:;<=$%&'*+'(1;>?6@ABCD/3

EFG)H#)*IEF*JBK3LMNO%B"#1

P2 QR+$+,1>S3TUM1234,-#LMN

O%$VWX$YB#EFG)Z-[/3$"./B2

+#89'*3EF01$%&Z\2?I].^I_I

(4EF$01$`%"# 3.:ab.='4I35

H,_#c[$d%Z!7367'"#23`%$89

e5Zf66gB#+7/8ZCD/30h1234 

?,?I1_#ij$K[kl'*3LMNO%"#

m$d%$!X,_#nopqrsB$EFCD$12

?#okEF$tu#0'34<vwIx$yzEFZ

{|'}~/367$�rH?�"#9�|5/3:�

1�_.3)$H;3BW34 

 

 !"# 

� 55B�_.661Z�7'8/4 

1) <=9�>�+Z�3�rH?�#:;�$��Zq

3�?<=R>�l�#?�$�@��Zq3�@�l�#

���RAB9Cl�'�(���?64m$ �#

D.$kl)0.2ms�A$E�BB<=9�>�+1

�_.#LMNO%$C['FG1I(5H1DEB

W64 

2) ��$����"#���$qKF�$G�#H[k

l'%&Z�]I(5H1DEBW645$5H,_#

ab@�'�S6p�kl1HIBW34 

3) :&;<'*3LMNO%$K[B)#K[�$JB

'*3�Q� 1II-#4I3K¡�B$JKM)

DEBW64K?#;<¡LK¡�$LM1M(b¢

"#LMNO%$C[ �'�Q� 1>S#/(4

£6#¤¥W;<$G�:¦§G�)NO=P¨$J

B1LMNO%$C© �'%&ZQª35H'NR

/30h1234 

4) e«¬'*3EFe5H$­®B#EF$tSHLM

NO%$�¯"#OP°T$U±Z8?�(645.

'²?#LMNO%$VWX"#89�$EFG)'

­V#1P2 QR+Ox!(WZ8?�(645."#

X'89$%&'*3 Y$'(;>1�Z?�(3

)$H\ª�(3489�$EFG)$-['[?�

"#23`%$89e5Zf66gB#+7/8ZC

D/30h1234 

 

ij$³J$K[´CD �,_#89�$:&;<

B!(d%BLMNO%1�_.35H1DEBW#i

Q�\]Q^_�µ`abcd$¶·#¸&�¹d$º

·)9�TUB23H;3?�(34 

ij$»¼efB"#<vw#0½/VW¾¿4"g

h?�(I,À64iQ"#5$*ÁI¾¿4Zi/3

EF#E!@�$RSIÂÃÄÅB$��ZÆ(#ij

�_.6j�$DeMZ!73HH)'#¢¹µIok

EFÇ¼bc$DkZlÈ/mgB234 

 

$%&ÉÊËZe«/3',6+#noEYpR>ÌÍ

R�(q)rÎT'TfIUVWZsW£?645$bZ

X+£?�YRZÏ?£/4 

 

'()*+,-

1) tZ[\#]^_u#Ðv`aw;<��Ñ�ÍZº

·?6EFLMN$CD$xÒ#HÓ?£bÔ, No.58, 

pp.5-10, 2009.9 

2) vb³#cdefw�RÕÌ«¬Ö$¦§��¡Z·

(6!d%ghlEyÇ¼'*3¦§ok×K#zÎ

i{#|31j Yji'//3<RØÙklmnop

q#pp.176-180, 2001.1 

3) rÎr#}~s�#Út�a#ÖtuvwN�Z·(

6��LMNÇ¼'�\]Q^_�µ`alZ¶·#

�RÕÌHE7#pp.51-59, 2005.10 

4) w�b³#x~y#AFjz#{Û|:w�3���

�$�©kl$CDHm$d%1}`a'~P/%&#

�¹Ç¼i{#| 84 jicmn{opq#pp.73-78, 

1991 

Summary   In tunnel planning and design, the velocity of seismic wave propagation through the ground is 

considered as one of the important parameters for assessing the ground. Tomographical analysis technology 

has recently been used for general purposes and the accuracy of identifying the velocity of seismic waves has 

been increased. Using blasting vibration data during excavation and applying tomographical analysis 

technology enable highly accurate forward prediction of tunnel face. It is therefore hoped that the technology 

will further develop. Methods for accurately measuring the velocity of seismic waves caused by blasting, or 

basic techniques for identifying the changes and factors of seismic wave velocity have, however, yet been 

verified. 

An attempt was made to solve these problems in the Ohyorogi Tunnel with main and evacuation tunnels. 

Vibration propagation was checked after specifying as the source of transmission the point of blasting at the 

cutting face of the main tunnel and installing a receiver in the evacuation tunnel which was excavated before 

the main tunnel. As a result, it was verified that an appropriate measurement method meeting requirements 

was established and that a stable seismic wave velocity could be obtained under certain conditions. 

Key Words : Forward Prediction of Tunnel Face,  Velocity of Seismic Wave,  Blasting Vibration,  Shotmark, 

   Tomographical analysis technology 


