
 

 

 

 

 

 

  

   !"# $ $ $ $ $ $ $ $  

 !"#$% 

!"#$%&'()*%+,-$#./01#2-3

#456789:;<)#=>?;4./?7@AB;

CDE;FG5HB;IJK#LMN;OPQ>;RS

Q>T#UVWXBYZ:[6\]HZ^_`a^4b

?7@cd;<)eH#[6\fBg5hi;OPj^

*%+,-$k=lmN:nod;<)#p0qr7s

td;<)#uv?lwxdyzD#UV{|#}~�

d:;���()*%+,-$#��7x^F��dy_ 

���()*%+,-$BYZ:E;���;���;

���#�4������DB�6;�$%&'<)Q

>������*%+,-$���

1)

���;����

Q>�����j���� 20 " 8 �B� ¡G:¢

6;F#��B£¤¥;�¦§z�¨�©ª$%&'

)«H#<)B¢Z:;n¬7­N:Z^_ 

�®HE;©ª$%&'H#���()*%+,-$

��B¯d:q<dy;q°±²³B�^´µ<)¶·

��<)#<)¸¹75�N:º»j^_ 

 

 

&!'()*+,-./01234 

2.1 
!"#$%&'()*+

 

���Q>��HE;����*%+,-$�E¼½

%¾¿À-
35cm

Á
50cm

ÂbH;¼½%¾
15cm

Á
18cm

#

ÃÄ�ÅÆ�*%+,-$�¼½%¾¿À-
65cm

Âb#

4��*%+,-$#�ÇAarÈ7Éj^*%+,-

$HÊ^�� Ë¡G:¢6;��#ÌÍ7Éj^l#

�d:Z^

1)

_
 

Î ()*%+,-$#ÏXÐOP7²³ÑÒÓÔ-Õ

#Ö�×9HlØÙ^_
  

Ú ÌÛaÜÝ7�ZaZ_�Þß;àá´µTH0â¡

G:Z^ãäÜEåæ
(LS)

�åçè
(FA)

HÊ^_�
  

é }ê#S*%+,-$)ë#PìHíîïðHÊ^_
 

ñ òóôõ%¾ö÷�Äø#<)ùúHØÙ;²³�û

%$'�#üýT7þ��daZ_
 

ÿ *%+,-$ýb
18N/mm

2

�X7 !�j^_
 

" ÃÄ*%+,-$�#T�X#$%&G'(r7É

j^_
 

z)*+r7Éj^4��*%+,-$#½%+,

���-.ad�B!ZÔ/'����*%+,-$H

Ê^�ZÙ^_5y;��r701dYY;ÜÝ017

23yNB;ãäÜÝ�åçè
FA

5yEåæ
LS

�745

d:6r778dy*%+,-$HÊ^_,-.B��

�()*%+,-$#k=9 #yN#£:7;j_
 

 

2.2 
/0+'1234!"#$%&'()*+456

 

��<¨= e#©ª$%&'
(L=2,074m)

#!";#

ø$¨%7&';
L= 1,888m

�()*=H���()*

%+,-$7��j^F��dyyN;+�#$%&

'H#´µ<)7,:- ¡Gy����Q>���

B£¤Zy;.k=9 ¿À-/7-.0B5Ù:;q

°±²³B�^´µ<)715d:n¬7Ø2y_ 

 

 !"#$%&'()*+,-./0123456$ 

78 9:;<"=>?@*&AB$C8 7 

Trial Construction of Middle-performance Concrete Lining with Full-scale Formwork 

- Construction of the Aratsu Tunnel on Higashi-Kyushu Expressway - 

56 76 6 8

 !

     96 :6 ;6 <

 "

      '6 =6 6 >6

 "

     ?6 @6 A6 B

 "

6  

   Yutaka Yanagimori    Hiroyuki Konishi     Hisashi Nakatsuji      Takanori Tsutsui    

C6 D6 6 E

 "

      F6 G6 H6 I

 #

      J6 K6 L6 M

 $

     N6 D6 O6 <

 !

   

Ken Sugawara        Tomomichi Okada       Akinobu Hirama    Toshiyuki Matsubara

!"#345î°B j^�6./#456789:;78$%&'#()*%+,-$B¢Z:l;<)#=

>?;4./?�ý'6NhG:Z^_()*%+,-$E;9:a;<=ÇB*%+,-$7O>f;LNMN

^�Z!;<)#ÌÛr7Éd:¢6;}ê#?65î°�@A^�;<).BCD�ÜÝE#ÌFakG�þ�

�¡G^_  

dy�2:;ÅÆ#k=Hh��rC*+r7WX¡Iy���*%+,-$7()*%+,-$B��j^F

�E;<)r7JKj^×9Ha';uv?BlL8j^yN;#øBÉ�aUVHÊ^�MÙ^_ 

�®HE;���*%+,-$#��r7q°±²³B�^´µ<)Hnod;<)Ìr7?hHBj^��l

B;NhGyOPB�6;©ª$%&'B¢9^q<)#<)¸¹EQR¡Iy«S7º»j^_ 

PQ0R0ST  !"#$%&'() ) ($*+,-./) ) 012345'6) ) 7"8*+9') ) :;< 

 !"#$

1. =>?@AB =>CDB) ($*+CDE)        2. FGA=>HI JK=>?@B LM($*+N@O  

3. CDPQO) RSPQT)                         4. =>?@AB =>CDB UVE 



 

 !"# $%&'()*+,-./0123/45/67

1)

#

 !

 !

28

"

#$%&

'()*

(N/mm

2

)

"#$%

&'(

)**+

,-./

012

34567689

):*+

;<=>?@

(cm)

A>BC

DEF

)GHI

J+

)**+

KLM

)N+

OP.

QR

 S

%T

UVW

X5YM

+,-./

 

0

UV

ZM

+,-./

 

0

%&[

\]^

_M

+120

+-./

 

0

`a

bcd

)N+

$efgh

i0jk

lmnD

T1-1(LS)

T1-1(FA)

LS:175

op

FA:180

op

q q

T3-1(LS)

T3-1(FA)

0.3

ors

t`auv

wxy5z{9Y

|}~

-4.3

s

��k%T

bcd��

k

 !"#$%&'()

*+,-./

-4.1

01

23456789

:;<=>?@A

BCDEFGHI

JK

1.40N/mm

2

6

789:;<=

270 300

18

280

or

4.5

�

1.5

���7

�Y45Y�

WX5Y

(LS

R

��E

�WX5Y

B

 �

��J

���

�

)

10

�;<�R

,-./���R

���

10

�

3

;<�R�����

.���Qi0�

� ¡¢£i"#$

�¤¥J�¦§�¨

�k©�ª« ¬­

£i

2cm

orR®�,

Q¯°±J�ZR²

�I�©�

21

 

2.5

35

!

50

20

25

 !"#

"#$%&'

()

*+',-./0123456789:;<=>?

..@AB

()

*CDEFGHIJKLM$NO:PQRSTU$=>?

..@AB

()

*VW;XY$Z[?

\]+^ ..@AB

()

*_`ab2cd8efghij'k./0123456789:;<=>?

..@AB

()

*CDEFGHIJKLM$NO:PQRSTU$=>?

..@AB

()

*VW;XY$Z[?

_`+^ ..@AB

lm"#$no

8!"# $%&'()*+,-./9:0123/%;

1)

#

 

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

1 23 !'()*4$567#89:";#$ 

< =>?@'A*+,BC 

D EF?@'A*?@%G 

H EIJKL'A*?@23 

M EF?@'A*+,&' 

:N()OPQ*RS  

 

(1) !"#$%&'()*+,-./01234 

+,-.'+,-0!"#$%&T./U*0123

456789:'(VW0XYZ4$567#';[U

*\]8P#<^_`a:=0b>^_`c4$3;d

e#$fRS 

ghi/0jk?l@ABClm?DEn0678>

:jk?l@67Clm?DET#<^_Po*T06

7m?DE/4$567#[:pqrF)GH JISIJ

estKu*vnLw0ABm?DEexynfRSR

zf023{;Lw:, MNTOPPo*R|0=>

?@'()*?f%GQRP/067m?DE:ghi

aSTU*vnnfRS 

g}/06789:PgigU8eV~fWV*vn

aoG0WX�YZ'#<P�*vnT[\fRS 

c4$3;/023;DLw]
15km

'\]8^_`r

�B�ea�f0XYZ�34$567#'b>^_`

Oq$#To*vnT[\fRSv:c4$3;P/0

���'g}e^_fW(G0\]8:#<�Pab.

 ! " #$  "%&' 

(

)

*

+  

,- 

CN 

,-./+0*1()*+234

()*+5267 3.15 g/cm

3

 

89B: 
CB 

89()*+ B :2;<=89

()*+5267 3.02 g/cm

3

 

>

?

  

@AB 

FA-M 

@ABCDEFGHIJ2 

67 2.29 g/cm

3

2 

KLMN! 3,960cm

2

/g 

FA-K 

PFBCBOPCQRFGHIJ2 

67 2.73 g/cm

3

2 

KLMN! 4,390cm

2

/g 

@P 
LS 

@PC@B@SPTJ2 

67 2.72 g/cm

3

 

UV  
S 

RWXYZRI[\2FM 2.662 

67 2.66 g/cm

3

2]^_ 0.91% 

`V   
G 

RWXYZRI[@2 

Gmax 20mm267 2.70 g/cm

3

2 

]^_ 0.32% 

>

?

a  

8bc 
8SV 

8bc AE d^a2efg/1

SP8SV2BASF.hij5 

8kc 
15Sc 

8kcl AE d^a2.hij

15Sc2BASF.hij5 

AEma 
202A 

AEma2nopqrs2022 

BASF.hij5 

tua 
404T 

tua2nopqrs4042 

BASF.hij5 

vw  
F-B 

.ixqye*vw2z/y{x

40mm2|O}~52 

67 0.91 g/cm

3

 

 !<# $%&)*+,-./=>?@
 



 

 !"#$%&' ()*
 

 

(2) !"#$%&'#$() 

+, -./*+,012)/!3/4"56/78

3/78#9:;</*+-01=>?@A?$ BC

2)*DE/FGH5IJK6./65LM%N &'

OPH5IJK69QR()2<E-/
T3-1
S

LS
TEU

V
T3-1
S

FA
T>? WX9Y*)*

 

+, - ./Z[5\+,/Z[5\]^K+,/

+,-/_`./+,/
U
abcd+,/

L
a]^K+,/

e0Pf+,/1g2hd+,9BC2)**+.01

=ij934 ()>?9*+/01=*
 

kl+,0U"/]m567dn .
5
89@3o@A

?$%< ij934 ()p@@/
FA-BB

Sq:
B
8

4"56/;<=rst9783 >:T?/
FAB
@

N

SuvwM6[5A4"56/BC=rst9783 

>:T@>? ./xy="zd?+,-DE%FG0

.{2/|}>? @~�H@IJ%KL��)*
 

�)/Pf+, p~���ij@3M
28
�Pf?1

g2hdNO.%<@>? 34 ()%/
LS-N

>?./

q��a
AE
PQ#@R�_%ST$U���"3M

1
�

Pf@�|@V�%&'��)#$W�/BCG @X

�Y�9UZ2)CG[�IMH@�:%\]$^_2

)*
 

2)%*</B�+,� 0�`D78#a�$�_

-@DE0U->?9b`="#$$2)*
 

kl+, c��)de$2<./Z[5\]^K$

_`Z[5\]^K@fN%/ghijfN0!-/k

lm !"
10
n

3cm
934=")�0./opZ[5\

]^K.
40
�

50cm
%�� !"#$%&' ()*

 

kl+, -@��W�/��65LM0E�"��

{FGH5IJK6>?./
LS-BB

>?Sq:
B
84"

56/r�9783 >:T/
FA-N

>?SuvwM6[

5A4"56/;<=rst9783 >:T@�>?

%��$^_2<B�+,H��</~�.{SqY.

 /rsd/tuPfDvT?/qwd@¡D"WX9

¢�"#$$2)S*+0T*
 

 

(3) 
12#$%&'#$()3456789:; 

kl+,0U-x-y��)�>?S
LS-BB

/
FA-N

T

0_�/78#9qd�
AE
PQ#0.¡2)

LS-N
>?

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

 !"#

$% 

&'( 

)*+ 

,- 

./01 

23B$ 

45 

LS-BB 

6789:;<=>/?@

ABC)*=DCE 

FG 

LS-N 

6789:;<=>/?@

ABC)*=DCE 

23B$ 

HIJ

4KL 

FA-BB 

6789:;<=>/?@

ABMBNOPJQRSTU

VW=XC)*=DCO 

FG 

FA-N 

6789:;<=>/?@

ABC)*=DCE 

FG 

YZJ

4KL 

FAB-N 

6789:;<=>/?@

ABC)*=DCE 

[4KL\]N JIS >^_

`MCT++OJaNbac

STdBEe 

23B$ Mf 

T3-1 

bg+hijklmn"o

pq#Rrs)*`ft 

 !5# 67$%89:;<=>?,@2#

 !

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

P×% P×% CN CB

W

FA-M LS S G 8SV

LS-BB-11

-.

B

/0

60.4 44.1 50.5 8SV 0.5 404A 0.20T

1234567  270 163  100 884 890 1.85

FA-N-15

89 /:;

59.3 43.2 50.5 8SV 0.5 404A 0.00T

1234567

270  160 100  884 890 1.85

<=

No.

%>?@

AB

W/C(%)

%0CB

DEF

GHI

&'($

JEK

GHI

LMNO

kg/m

3

P

>?@A

QRS

*+(

QRS

*+, TUVW,

RS RS RS

>?@A *+(

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

W BB N LS S G F Ad

LS-N-80 59.3 50 160 - 270 80 904 918 2.73

3.15

 

1

 

1

!"#$

AE

%&'

 SP8SV

,-./

012

(kg/m

3

)

3456

 34567

W/C(%)

#$%8

s/a(%)

 !A# )B$%CDEF+,$%&'@2#

 !G# 67$%/$%&'89#

 !"#

cm cm cm

$%&

cm

'()*

sec

+,-

cm

'()*

sec

./01

mm

23

1

4 23

7

4 23

28

4

567

21±2.5 35

8

50

9

10±3 4.5±1.5

9 9 9 9 9

280

:; 9 9

18.0

9

1.4

:;

LS-BB-11 20.5 40.0×40.0 40.0 53.0×52.3 52.7 12.7 5.2 19.0 46.8 29.34 26.7 11.62 302 4.37 28.9 38.1 6.39 2.61

LS-N-2 23.0 44.5×43.5 44.0 55.5×56.0 55.5 11.5 4.7 18.5 39.0 14.98 26.9 5.37 299 1.11 18.5 26.0 5.86 2.08

FA-BB-9 22.5 45.0×44.0 44.5 55.2×54.0 54.6 10.1 4.7 19.0 48.2 17.96 28.4 8.32 302 4.42 28.4 42.0

9 9

FA-N-15 22.5 43.0×45.0 44.0 53.5×55.2 54.4 10.4 5.5 20.0 51.5 18.59 29.5 8.26 310 6.79 31.6 43.7 5.68 1.72

FAB-N-5 21.5 39.8×43.0 41.4 52.5×48.7 50.6 9.2 3.1 19.0 22.0 21.04 13.1 9.02 312 4.31 30.2 41.9

9 9

T3.1.2 12.5

9 9 9 9 9

4.3 19.0

9 9 9 9 9

4.45 30.2 41.9 7.35 2.32

<=>?

N/mm

2

<=@A

BCD

N/mm

2

E"F

G&H

I?

J

KL-

%

MNOP

cm

QR>?STU

N/mm

2

VW

No.

 !"#$%& MN$%&

L

X$%&

U

X./ST

YZ7 YZ7



 

  !"#$%&'()!"*+,-./012345

)6'7-8#9:'7;<$%
350kg/m

3

=>&?@%

270kg/m

3

'ABC
80kg/m

3

D:(>&?@!
60%
EF:G

)*+8HIJ8KL,-)HM;N?OPQ@CR 

.S$8/0$&12,T834U)!"#)6V56

!"&W, XN?LS)HGTY,7Z,T8$%&

[\,-]#8̂ !")IZ_`Ya&b)c::,-.d

d

d

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

3.1 $%&'()* 

_`Yae8fgYa#8h,-N?OPQ@ !"

)iGT8_KL:^9jk8^9`l# mn$&[

\,8WS!":56V;c:&oU:,TG;. 

/01pLN?OPQ@ S"8fgYa#e/012

345 23q9 ;h<&=>,TG;r  8_K

L&12V;:8 EF s?[t@&_`Ya)HGT

*uV;c:vA4:1w-. 

BXN?LS# 7ZAC%D 

BWSEFG HIxy)I;z{JKL$%M| 

BN?OPQ@}?~��)I;NO 

B��g# N?OPQ@01%D 

BN?OPQ@�jPz@)P9-���QR 

BN?OPQ@!2 �!QR 

�jQRv��LR:eStZ8TU YaKLv�

; �#KLVWXW YZr[tGc:\(8]^�

�)I;YaKL&_`Ya:_`�MT8_KL: 

ab&c3de,8�KL KL��:fg'h;c:

:,-. 

 

3.2 
+,-./01&'23

 

(1) 
45

 

c7�#)��'7TG;/01pLN?OPQ@)

HM;]^��)I;YaKLe8_� @?��iR

IZrj'G��#_K'7TG;-�8N?OPQ@

 01%Dk}?~��lm8�����{Q�)I;

���n�tovp�)*u'7TGtG:1w(7-. 

c c:\(8��@?��#e8qL�#_�)r

n,->?@� O�W?�&0n,-_ ¡]^��

&s¢,T8_KL)IZ£G%D# YaKL&bG8

KL��tuvw#s?[t@r?(\)V;c:),

-.rn,-_ ¡]^��&67"8)6V. 

 

(2) 9:;) 

YaKL#e8EF)6V*uxo&yhkoz{|

)IZ[\,-.yh�}k�����{Q� !`t

o&<"=)6V. 

¤ /01N?OPQ@ 01$)~V;*u 

�j,-/01N?OPQ@ >�z{¥P?�$8  

 

 !"#$ %&'()*+10.1m×,-4.2m×./06.0m1 

 

�-8�����{Q�&nG-S" 01�!to)

iGT*u,-.oz{|:����N&bG8���

�7-N?OPQ@ 01%D)iGTr��,-. 

¦ �����{Q�)I;���$%)~V;*u 

�����{Q� §1�¨&/012345)6'

7TG;KLU 15 �/��&q�:,8©� E=3.7J/�

E] §1����Q&yw;c::,8�����{

Q�)~V;xo=_`B¨�8j`�T8§1TD&

]^�� ���#St;��Q?#*u,-. 

��@?��#e��ªLt, �ª��Q?�¨v

�Gc:\(8j�� 30cm )��«�&12,T�C

�' 50cm# �¬� ­®%Dk�]vZ% )iG

Tr*u,-.�-8¡¢«� �]vZ:���% 

&[\V;-�8_ ¡�� g�)10£10£100cm 

¤¢��&¥��8­®%Dk�]vZ&[\,-. 

 ̄N?OPQ@����)HM;���� *u 

�j°±&/012345)6'7TG; 1.5m/hr :

,8��)X9;��&�y,8yh²�&���¦)

fg'hT8>?@�³´ µ4$&*+V;c::,

-. 

 

 

2"3$ %&'()4()56789:;<=>?@A$

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

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

!0123-,-.

/.

/.

/.

/.

/.

/.

/.

/.

/.

/.

/.

/.

/. /.

/.

/.

/.

/.

/.

/.
/.

/.

/.

/.

/.
/.

/.

/.

.



 

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

&"123#'($%45678(&"129:;<

=>&?@.'()*'(!)*+A+BC&?D,;

/0EFGHIJ(-.(/0KLMN!"#$%&;

<K)1O;(23P4QRS(TUVWXY.Z?0

[K\]Q^_`%R(a,5.!)*+XbcEFG 

d !"#$%&(ef5N,"-./0 

!"#$%&gh0[D6a78,9.i;(j`:

;<JA(5k=K>k?(ef,"-.l@AmBB

CEKnoD+,5+EpEFqr(FsJB/0EFG 

 

 

 !"#$%&'( 

4.1 
!"#$%&'()*+

 

)1OKGOKtu#vH"O(!"#$%&MNA

IBKJwKw,-./x,-.0,y-G
 

!"#$%&Dz$j&*)10[tuL) -.,

{w|K\]'(MN}Oq*P~,���K\]'?

MN-.!"#$%&(!"'Q*#�E|K!"#$

%&MN<K$%,��B��.?&p�wF*K)1

OKGOK#vH"O;KMNAI,�'<@0RFG
 

D6a,5+US.&"12(TN}($j&'(O

q<KUV\]�"&2W
6m
;X

cm
��?Y�ZK9

:)()[,<@[�K\]@�2j`�$"^J*b

c;�FG
  

 

 

 

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

4.2 
12345678$9':;<#=$%&'()

 

\]Q^_`%R,5.\]L(�N*�<KLMN

����,9:_?E|y�wF��C+`(�Na1

2b%E=3.7J/ℓ?@.5c,,-�dFG 

�N,5.���*e�;Y.0B./�w.�Na

12b%E<�P4aS; �w.G 

 !"

 # $

2

2

max

)(2

m

E =

� � � ����������P4aS�  

ZZ;K

1000

22

22

max

 !"!#

$ =

� � � � � � � � � � � �

E !"#$%&'(J/ℓ)() m *+,-'./01(kg/ℓ)( 

f !"2(Hz)() t !"34(s)( 

α

max

 !"/56781(m/s

2

)() a !9(mm) 

 

 

 !"2$ 34&'()*+,-./01$

 

 

 !"5$ *67)&'()*+,-./01$

 !"#$%&'()*+,-./012! 3!&'(456789:;<=>?@AB!

C!DEFGHI/J6KLMNOPQRS! T!ABUVW=XY6Z[U\]^_ àb<!
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Summary   With the growing needs of quality assurance of tunnel lining concrete, not only increasing 

construction effectiveness and quality but also concrete mix proportions were verified and 

middle-performance concrete was applied. 

This paper describes the process of examination of middle-performance concrete before actually applying it 

in the construction of the Aratsu Tunnel on the Higashi-Kyushu Expressway. 

Key Words :  Middle-performance Concrete, Secondary lining, Form Vibrator, Vibration Energy, Manpower Saving 


