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Experimental Study on the Filling of Concrete to Closed Space 

� ,� -� � .� /0�� � �

¯ Shouji Yasuda  ¯ ¯ ¯   

B°±
�[²³i����´µ¶4S��@·¸¹�jaº�»��wx"y;9�|-}��@-��,h

��+��)¼½����_�A 
B[\
�¦§¨©�¤�<]�Z¡JK-@��+��«q¬­��+�®STi¾q 2m +¾¿À¸¹�

360kg/m3+Á@AJT��[\�fg+,-ZbJKh5i�
�klm'+,-Snopqrs·bJK-@

�h?�Snopujº�wx"y;9�|-}qÂÃ?-�,@��+��-@�A 
E���ÄÅx$21cm���(wx"y;9�{��C�)�ÆÇ�ÈÉÊË��{�-��)ÌÍ,hAE
������(wx"y;9�
�ÎÏ�|-}q»Ð�Â�@�+q»ÑJK�ÒÓ|-}�)Ô7����w

x"y;9���)��7��++,hA������wx"y;9�´µ¶4º�|-}��{32m����
��@-
�UÕ|-}ÊË�{3<]Ö)ÈÉ,h×Õ|-}ÊË�{�-»Ñ)Ø�hA 

12�3�45¯ ´µ¶4¯ �ÙÚ· ¯̧ ��(wx"y;9¯ ÒÓ|-}�¯ ���wx"y;9¯ ¯  

*1AÛ�fÜDÝj¯ �ÞßE� 2àÝ1 



�

i¾q2m+¾¿À¸¹�360á/m3+���Á@A·¸â

ã)67
���³iäj�âã)67
��d7A 
nh�[\�fg+,-
�i¾1.0m�5iqZbJ

K-�£�Fj�å>X¥æ1350mmªqçèJK�h
?�klm'+,-SnopqrsZbJK-@�A 
�����tZSnop�ujº�wx"y;9�z

Z�
�´µJKh¶4qéê��++�ÙÚ�·¸+

���+��@|-}�)Ô7�wx"y;9q�ëJ

KhA 
¯

8�9�:;�*+ 
³i�·¸
�ì¸íqD22mm�äîï³ðñò�
yxó¸qD38mm�ðì¸
�À¸ô4õö125mm�
·bJK-@�A��h?�À¸4��Ô�¶4


105mm×87mm +��-@�A���Z¡wx"y;9
�÷ø
�Z¡ùú'Ú21N/mm2�ÄÅx$8cm��û
ÄÅóBüýþx9)�@hwx"y;9+��-@�A 
��h?��C�_h�-
���ST���40m+
��u�Â��x$�W�{3³iäj��x$	
)

��,�67
��d7³iäj���hàÝ
�{�

-��?)Ø@�wx"y;9�zZ)Ø�-@�A 
���[\³i�

�d,h{���tZ�Sno

pq��1_£�Snop�u 
�àÝ
q��-�

��?q���@´µJKh¶4+��-@�A��h

?���´µ¶4�»��|-})�&+7�h?�
�

�u�{���Çq�m+,-��TKhA 
��̄�(wx"y;9�{3����¨�¨��� 
��̄���¨�¨��� 
 �̄��wx"y;9��� 
!t̄ZSnop�"# 
h$,��%&*��o���@-
�¤�<]Ö+

,-��&)'hJ�@+(�,�����ST)ï,

hA!��@-
������*�ST+,���@+

(�,����ST)ï,hA 
���@-
��*�ST������-@�Ç�_

�+./TKhq���?àÝqÎÏ�Ø/�@ja�

_��+ST���(wx"y;9)�@��+�»�

�|-}q�&�_�Sq01+./hAE�����

(wx"y;9�����&�)(�7�*��ÈÉÊ

Ë��{��2�Ë)Ø��++,hA 
 
<=>� ?@A����� �BCDE 
F>G� '(�� 
�Ë��@h³i�ÈÉÊË�)67
8�d7AÈ

ÉÊË�
��J3.0m��J1.03�4Ø2.03+,��
ÆÇ�jÏ5!9�6¨�´µ¶4)à�hA·¸
�

Z¡v£+,hA78�j�
�wx"y;9)�,9

:h?�m;78)Zb,hAm;78
��j)<= 

�
�� �
���

�

�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	
�� HIJK	�

�

�

�

�

�

�

�

�

�

67
�� LMNOPQ�

�

�

�

�

�

�

�

�

 
67
�� LMRSPQ�

16000
20000
22000

20002000
10001000

B6F

B5F

B4F

B3F

B2F

B1F

45
58
0

�1800

�1350�
�
�
�
�
�

	


�
�


�

�
�
�
�
�
�
�
�
�
�

16000
20000
22000

20002000
10001000

B6F

B5F

B4F

B3F

B2F

B1F

45
58
0

�1800

�1350�
�
�
�
�
�

	


�
�


�

�
�
�
�
�
�
�
�
�
�

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

������,�-.%�/��
0

�12,&3!04305+�6.!/!%7
89 :; ��!0/����<.%!�=�
��>? :; ��!5�����<.!%!0�0�

8@ABCD



�

,h<]¥�>�_Jq�<]+?7ª+,�âã)»

Ñ7�h?u �ï)#"y¨@�<A,hA  
ÌÍ���+,h��(wx"y;9
��
��d

7·++,�ÄÅx$ 15cm�wx"y;9�`���
�(B)CDE,-21cm�ÄÅx$+,hA 
�����(wx"y;9�z9F
�_Jq�<]

�zZGHIj{£J�,hA��?
�àÝ�
K@

���_�qzZG{£L���%)�@-m;��Ø

�hA 
FTG� '(UV 
��(wx"y;9�zZâã)67
W�67
X

�d7AMN�OTK�{���wx"y;9qHIj

ST³ ���-P�,�L���%����{�-z

ZG+Q�³�R n�S7��+q»ÑJKhA 
,S,�À¸�{£wx"y;9���qTUJK�

�+��äj���?àÝqÎÏ�Ø/�@�+ST�

V|-}�1qWXJKhA 
����ST���(wx"y;9�
FY�|-}


�&�_�q�»��|-}�
ZTK�@+��°

�[�hA 
 
<=T� Y?@����� �*+ 
F>G� '(�� 
��(wx"y;9��Ë��)\�-���?7�

�+�¿|-}q�&����wx"y;9�����

@-��)Ø�hA 
���wx"y;9�·+]^��@-
�fÜ_`

�wx"y;9aúd�b 1)�{3���wx"y;9

�Ccd 2))e.����ja�À¸¹STÒÓ|-}

��Åx"�{3ÄÅx$fg;�*a)ZY7��+

�,hA 
��<]Ö�À¸¹q 360 á/m3�_�h?�*a+

7�ÒÓ|-}��¦§¨)Åx"h+,hAnh�À

¸¹�iêhÄÅx$fg;�jk¥600l700mmª{
£�*aÄÅx$fg;)600mm+ZY,hA 
���À¸¹�Á@mnjaº�|-}�
�JSCE-F 

511-199L���wx"y;9�|-}ob)�@h4�
ÂvpÊË�Ç¥qª̂ �{�-ÌÍ,hAnh�rsj

º����+|-}���@-
�<]Ö)ÈÉ,h×

Õtu)�@-ÌÍ,hA 
|-}ob)�@h4�ÂvpÊË�
�Åx"h�

ÒÓ|-}��ÌÍ+,-�vU R1 )�@h|-}�
J 300mm ��)+w+,hAnh�×Õ|-}ob)
�@hÊË�
��jx�4ØÂq 2.0m �_��+S
T�UÆÇ�´µ¶4)ÈÉ,h|-}ob)ày,�

zj� ST��,9F�{£ 2.0m 	{P�q�&+
�����)ÌÍ,hAnh�tuäq»��|-}J

K�||�)»Ñ7��++,hA�����|-}o 

 

 
67
8� Z[\(]^!"#\(C_�

�
�� `a����� bc?@A����� �Nd�

�

 
 
 
 
 

�

67
W� ?@A����� e`PQ^LK_�

�

67
X� ?@A����� e`PQ^fK_�

�
8� Y?@����� �Nd�

 
 
 
 
 
 

EF! EF�

��GHIJKL 5�� ""�� �%� !/5 5// !�/M ��% N

OPQGHIJKL !/�� /0�= 0!5 !M! 5!/ ==0 0�� ���%

�����R�S�TU��VW�XVY�Z[\V]�^[\
_�������EF!�E`aXbVEF��OPQb

cdb
ef
ghHij
kl�m

no,&pqr�
0
+

S W Y ]

WrS
ksm

S W Y ] EF

tOPGHIJKL "��� 00�M /�/ !M� 50% 5"= 5�/5

_R�S�TU��VW�XVY�Z[\V]�^[\V
___EF�tuvE`aXb

ef
ghHij
iwK
kl�m

no,&pqr�
0
+

WrS
ksm



�

b
�jxÕâ{£�r@¶4+��-@�h?��e

{£�},@ÌÍ���-@���+./�A 
�����+,h���wx"y;9�·+)�
8

�d7A~�d7{���y]C/����_��v�

¨9Åx�ýþx9)�@h����ÒÓ|-}7�'

Úwx"y;9�·+)��,hA 
FTG� '(UV 
|-}ob)�@h4�ÂvpÊË����|-}�

Jq340mm�_£�*a|-}�J300mm)'�7�
�+)»Ñ,hA4�ÂvpÊËâã)67
g�d7A 
×Õ|-}ob)�@h|-}âã�ÌÍ�
��,

9F$���2.0mn�P�7��@���+�¶�qé
ê��+�¿
zn�|-},-@��+)»Ñ,hA

×Õ|-}ÊË��âã)67
h�d7A 
�����ST�ÌÍ��+,h���wx"y;9

��@���+||�q»ÑJKh�+�{£�ÄÅx

$fg;� 600mm ����wx"y;9)��C��
�7��++,hA 
 
W�'9���BC 
i=>� 9�PQ�

ÊË��)�n/-���1�tZSnopuj�´

µ¶4����wx"y;9)��,hAzZG�
�

_Jq�<]�78)Zb,�E�78��J
|-}

 ST300mm�ab+��{�Zb,hAnh�zZ�
J)|-} {£100mm�@ab+,�78�7C��
�y�{£)#7��++,hA67
j����wx

"y;9�zZâã)d7A 
���wx"y;9�|-}âã
�_Jq�<]�

78)�7,���y)Ø�hC�z� )*�WX�

{�-»Ñ,hA67
k���yC�âã)d7A*

�WX�
�zZ ��4
OTK�»��|-}qJ

Kh��+(�JKhAnh��AC��	��é�é

ê-@�@�+ST�-��|-}qØ/h��+(�

,hA 
����ST�À¸¹q���Á¿i¾�¾@´µ¶

4º����wx"y;9���
Ô��_��+q»

Ñ�ÂhA 
 
i=T� Y?@����� �lm 
����C
�h�*q����r�*
hh��Ø

ÃKhA���wx"y;9�M�X,ÊË��)�


W�d7A~�d7{���@�K��C����@-

�*a+7�ÄÅx$fg;qZTK-@��+q»Ñ

JK��Y,hM�X,qØ/hA������wx"

y;9� 50cmfg;�4�{3fg;���4)O�
+������½�hh������4q�E,-@�

���_�hA���+
�UêÄÅx$fg;��� 

 
67
g� �nopq\('9PQ�

 
67
h� rs!"#\('9PQ�

 
67
j� Y?@����� e`PQ�

 
67
k� tuvwSxy�z�PQ�



�

��� qéê-@h�+)d7���_£�|-}â

ã��� qéê-@h�&�q_�h��+./TK

�A 
���éêh���� +,-
�¡�,h¢£B�

�¤$�¥@q./TKhA����¡�,h��&AE
¦	B
�ÄÅx$fg;�Ð§���@¨��¤$)

�@h���,-�hh���
aú��¤$)¡�,

hAJT������
*a+7�ÄÅx$fg;)»

Ð7�h?��¡�¹)�EJ©��+�ªH)Ø�hA

���������wx"y;9���q�hh���

�½-��qK¿��-@h��+./TK�A 
���{��·¸¹qÁ¿´µJKh¶4º��C�

)./�+�hh����@-����+Uø���q

»Ð�Â��¤$�¢£B)¡�7��+q��Y,h

�&)»Ð7���Ô��_�h��+./�A 
 
X�{z�|} 
B^�
�|-}âã�»Ñ)�ïjST�*��{

3�	�Ô��{�-Ø�hAh$,�{£»��»Ñ

)Ø�h?�
�´µ¶4�� �|-}�)ÌÍ7�

ýx«;)Zb7��®��Ç�./TK���Cº�

���_h�-
��7½Â01+./�A�

nhB^�
�wx"y;9�����|-}��Ì

Í+,-jx)ÈÉ,hÊËob)�@-ÌÍ)Ø�hA

���wx"y;9�|-}���@-
|-}ob)

�@h4�ÂvpÊË�Çq¬ú(JK-@� 3)q�	

{P�õö�iêh����ÌÍ�Ç��@-
�»[

,hÊË�Çq�@AÈÉjx)�@��+�¿���

wx"y;9���)ÌÍ�Â�ÊË�Ç�»[q­n

K�A 
¯ JT�����{��®��wx"y;9�Z¡JK

hwx"y;9<]Ö����wx"y;9)��7�

/+�����ÒÓ|-}�)»Ð7�h?�1��'

Ú)ÞÂ¿����++��AE�h?����wx"

y;9)�@�]^�<]¡¯)��,�À¸¹)°� 
�

�
W� Y?@����� �lm~�\(UV�

/�l� xy

! "��� /�� �%�� ��� 0� �5

� "��5 /�! �0�� ��� 0� �5

0 "0�0 /�0 �%�/ !�5 00 �5

% "!�/ /�� �%�" !�= 0� �5

/ "0�/ /�! �%�5 ��! 0� �5

" "0�� /�0 �/�! ��� 0� �5

M "!�/ /�� �%�" !�= 0� �5

z{ "��� /�� �%�% ��� 0� �5

! "0�/ "�" 0%�/ ��! �� !M

� "��� "�% 0"�� ��� �% !5

0 "!�/ "�! 0��0 ��0 �/ !=

% "0�� /�% �=�= ��! �/ ��

/ "��/ /�0 �5�/ ��% �% !=

" "0�/ /�M 0!�5 ��� �0 !5

M "��/ /�0 0��! ��� �0 !5

z{ "��! /�5 0!�" ��! �% !5

||}

~�,
ksm

GHIJKL
��
k�m

���
k�m

�}

iwK��
k�m

ghHij
iwK
kl�m

��
��

��
��

�

�7��+��*��������+,���Ç��£

����+./�A 
 
g���� 
������{�-�®��wx"y;9��C�Â

�@±Y��´µjaº���)��,hA�����

���wx"y;9
�����|-}��'Ú�®ð

ü��@�&)Ô,-@��+q»ÑJKhA 
²³�
����wx"y;9
´�µ¶=CD�®

�¡�JK�·q�/-@�q��C�fÜ<]Ö��

@-��ÙÚ·¸��E�jx�Äy¸(q>:H�|

-}�~��/1�¹º¿»��Â��+q�����

@<]Ö�<=�
¼��_�+./�A 
�e.±½� 
¾¿¯fÜ_`À 2002 ³ÁY¯ wx"y;9aúd�b¯
�CÂ�18Ã���wx"y;9�P277-287�2002A 

Ä¿¯fÜ_ À̀���wx"y;9�Ccd�wx"y;

9Å¤ÅÅy;93�1998A 
Æ¿¯fÜ_`À 2005 ³ÁY¯ wx"y;9aúd�b¯
¬úÂ�P197-199�2005A 

Summary   This paper describes the process and result of a study conducted to ensure the filling of concrete in closed 
space and in sections with densely arranged reinforcement of the side walls of a vertical shaft. The shaft has been 
seismically designed against level-II ground motion and is installed in soft ground. The wall has therefore a great 
thickness of 2 m and the volume of reinforcement is high at 360 kg/m3. The earth retaining diaphragm for the shaft is 
provided with two tiers of beams at the opening for reinforcement. Filling concrete below the beams is therefore 
extremely difficult.  Ease of construction using plasticized concrete with a slump of 21 cm was evaluated by full-scale 
model testing. As a result, it was verified that no plasticized concrete could ensure adequate filling of concrete. Then, the 
application of self-compacting concrete was considered. The compaction of plasticized concrete in closed space and its 
flowability in the direction of wall thickness (over a thickness of 2 m) were verified by testing using U- and box-shaped 
apparatuses. 

Key Words : closed space, high density bar arrangement, plasticized concrete, self-compacting property,  
self-compactable concrete,  


