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Crawler crane

Slewing
excavator

Diameter^�1200 mm

Length^16.3 m

Steel pile for GMST
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Slewing
excavator

Diameter^�1200 mm

Length^16.3 m
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4.2 ÄÂµ¶

á 3 � Case1~Case4 �×<s× êv)��

"Në��z 1200 mmÐ�nI 16 m� GSMT

ß=��""v�)Case2� Exp.1"Nû1�Case4

� Exp.2 "Nû1�× "#()6í�bc�_

�N� 1.6 W/m/K��sÏ� 3000 kJ/m3/K�÷¼

e=®1� 10	C "#()<s¼°� 1 * 1 ²*

Y� 30 ²°"v�)z�° 3 ²�Í1����Â

ÖÉ_��}É#�z�3ÊË��`�v��"

"v�)��1� 450 kg/m3"#()^É%F

\�����(�`�v��3��É�1âí

¯� 80%�5SIT�z��U
$É_Ew	=

�3��É�1�Yv�""#()

4.3 30�Ó+¨,·¸+ÔÕ

� 8 ����"Nø�× b�( Case2 "

Case4 �û:�©�d��VÀêv)�=�Ç

��Á�� 5 �ê#(��g^áv)�Ew�

10 ²!¸f���<sg^���*Y¢Y�(©

�d���=µ�á#�g��l=è/¬Aê

I�("=��)����<s�û=$4^É

%D( Case4 �8A�4b=©�d�êv�"

A&*�)Case4 �û:� 2$ ²°�©�Ï�

9.39 ton �yw�Case1 "g�#$U 15%�N
É

_�^É%&<= Case3 "g�#$4U 8%5

S#()Ç

4.4 «»+Ö×8p: GSMTþ¨,Ãä+ÔÕ

� 9 ��31 ²öÏ3�×× �û:� GSMT

Ã�âí1�3��<sg^ê#(4��y�)

^É%=<AY`�v� Case4 �x=$«!v

�"�`�§3�É_A Case3 �gh	C<D$

=�A����^É%F�"_î#$É_¸

¹�É��N·}IT((X�y�)���E
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�bC<D$ûw�z�(X�ñ�Ã��_�N
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�g^A¢Y�("7�Y��)(9#�<s�

û:�^É�É®��� 0	C�yD()

5. A�y

ær¥�¢Y�(B/¸¹�êv)

1) ³´µ©�²  (GSMT)���*Y^É%=

<AY�3~5 ²�Í1a¼��ÊË��`�v

�"'�39 ²°�U 15.3 ton ���*v�

"A�'()����N
 GSMT ß=$^

É/�× �%D(��1���"g�#$

U 22%B=g^�yD()

2) GSMTÃ�©�å}<sv�¼pPª�û

=$�<s�E�©�d��µ����g^

g��lCè/#()�(�2f�<s�û=

$��a¼��É_ 6 m�Ë�<AY�̂ É

4N¯%=<AYÊË��`�v� case4�

× �û=$�4b=©�d�AêI�()

��Øæ��ï%v�y(wÉYÒ�²ð�ÀxK

�~À7ÆVñ�Íò��=PT��ÇyYzLó¾¿«

¢��]ÆLóôå��õö[��Õ?@+¢+¢°

U¢��«Æ÷äøù��=Pì|��ú6ûSü�

U5JdO*YB+<Ð���D()����CÌ

	á#�v)Ç

%�ÙÚ�

1)éêë: éêë����Ý

http://www.city.sapporo.jp/kensetsu/yuki/index.html,

2007 

2) n½ ±, t2VÝk�§ß�(X���ÂÃ¯�û

:�m��Jv������ , ²æ ë¢�<ïcÎ

ýf, 562, pp.31-37, 2002 

3) n½ ±, t 4 VÝ��+^_b�1ÂÃ�Jv�

Â�����, ²æ ë¢�<ïcÎýf, 566, 

pp.51-56, 2003 

4) ÷äøù, n½ ±, t 3 VÝ f�m^³´µ��

ß�E�e=�§ß�©�²�Jv���  (z� 1)

©�Ï�OÎ��a"�����g^�x=$ , ´Þ

ØíÆþ[U¢�¢¤9à�Îýf , pp2117-2120, 

2005 

5) 6�� , n½ ± , ÷äøù , ��Í�Ýf�m^

³´µ��ß�E�e=�§ß�©�²�Jv���

(z� 2) ¼pPª�E�©�Î�å�=K , ´ÞØ

íÆþ[U¢�¢¤9à�Îýf, pp2121-2124, 2005 

6) ÷äøù , n½ ± , ú6ûS , =PTÝf�m^

³´µß=(8�����?©�²�Jv���

z� 3 �ßÀ��:(����, ´ÞØíÆþ[U¢

�Õ?@��¢¤9à�Îýf, pp139-142, 2006 
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�ÛûE£É� �í<~�,+¯�0¤ËÌ��"#

$���ñ�Hke�û=$�i#$'$=��

}É¬�ð�û:��¼3ç´O���|�ð�z�

"Në�T�¥�";g��#^�AÍ¤��y��#

*#<AY�;g��#�^�¯¼-ÏûE££�¬�

x=$��|�ð�I�/ò�b�<ªAy��̀ �}

É¬�ð�x=$��;g��c^�3�Z�#<=

���Aê\÷.v���Ay��

z���	OY��|�ð"}É¬�ðß=$
À

w�|��ÉCaCl2Ò�^�3�f,ûE£f��ò

FCaCl2��1�	¹�Ã��EwØh�8r
1Ò�

r¥#(�`�CaCl2��Þ®A	¹v��~�ÀA

�%v�"N¯��1AbC<�(X�;g��#�£

�¬���1�S�$�ðáç� CaCl2��ÏÉ¸¹�

�
ÏÒ�deA�
�y��"A3*D(�

æÎý���}É¬�ð�û:�CaCl2���1V

ÀIY�o#CØh�""4���
Ï�na8åû

E£nag^�Í�r¥v��

2 Z[�Ï

Fig. 1�	®®��%D(���[ãêv�æ�

���¼®�¾¿¹�CaCl2^�#(}É¬�ð�,

fYv��Éf,��Ò���ª¹��fYv��Éf

���Ò�� 2x�3:Y���Table 1�f,��ûE

£f����× êv�

2.1 �ÐZ[

f,���4o�¸¹�¤w�y��

(i) 6��}É¬�ð�ÉW 0.30hL 0.30hH 0.025mÒ

� ~4#C��� CaCl2z�Ä�^�v

��

(ii) 153°��^aÏ��É�òf,"#$b�

��

(iii) ��f,8���ðáç��ðÃ�ûE£�ð

���÷.#( CaCl2��1ûE£ÓÏz

�Ä�nav�Éna8å� 2.3RGÒ�

(iv) f,É�É�ÎÒ" CaCl2��1ûE£ÓÏ

na�ìÛ*Y753°É<6f�<nÒ"v��

��× "#$��Ã®1�U 5Ò�CaCl2±�^�

Ï� 60g/m
2��^�Ï��1 15á� 400g/m

2É±��

1sv�" 60g/m
2Ò�f,Ú1� 0.5�1.0�1.5mm/h "

#(�<û�CaCl2�^�ûE£f,����>ß=

(�

¶·«¶,4¸¹:º»¼½¾3+¿À.ÁÂ+ÃÄÅ¼�

�
� � � � � � � � � � � � � � � � � � � � � � � �5M+¢+¢°U¢��« ë ÂU¢Þ�Æ<=Ç
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Table 1� Z[ij

�! ;_ f,�� f���

¾¿×  Þ® Ò 5 -5 

Ú1 mm/h 0.5,1.0,1.5 5,10,15 f,

f�×  �1 kg/m3 999 100 

Z� � CaCl2

�#×  ^�Ï

^��1
�

±�Ý60g/m2

�Ý15%, 400g/m2

>?@  6 6 

Fig. 1Ç Z[\Ñ



2.2 �JZ[

f�������Ã®1U-5Ò�¾¿¹���¾@@

�¾�?É��>Ò�¥'#(|U�É�1�U250kg/m
3Ò

�ð��b���f���1100kg/m
3�5�10�15mm/h

"v��z�t���4oûE£× �f,��"N


�yw�f�� 153°��%D(�

2.3 ÒÓÔYÕÖ×Ø��ÙÚ

�ðáç���v�CaCl2��É¬�b=&Éº

��|Li?¶?Ò��=9w��ðáç�CaCl2�

�1��1<���
Ï��Ï<��z�Ä�na#(�

�ðÃ��CaCl2��1ûE£ÓÏ��̂ aÏ��

É��ðÃ��ê\#(�÷#.#���I�(�

��1ûE£ÓÏna*Ys.#(�

�ð���÷.#(CaCl2��1"ÓÏ�}É¬�

ð¹8�ÂÖ#(ÇÈ?Á�fev��"�¢Y���

3 Z[¦Û

3.1 IJÜÝ

Fig. 2ÉaÒ��^��ÉbÒ�±�^�3�ñ�ûE

£©�òóÉf�Ú1�10mm/hÒêv�f�f¼A

5vÉ�����Ê�<���^���Ì���©�

v����#$�±�^���©��b Í"<w-v

=�

3.2� ÔYÞß�

Fig. 3�f,�òF�ðáç� CaCl2��1ÉCnÒ
�¯°VÀêv��=�Ç��Á�è�'A�^��

�wx�#A±�^�á#$ûw�f,Ú1ÉVrÒ
0.5mm/h�Éú��Ò�1.0mm/hå�É���Ò�1.5mm/h

 �É!�"Ò�z�Ä�êv�±�"��^��

ø�E� Cn�	¹��Ê<n=�/Y�ý�Cn�÷¼
� 15%*YöÏ¯° t ""4�H¼J¼��	¹v��

�(�VrA5v�~Cn�	¹�#"<���$Ét�
75minÒ� Cn� Vr�0.5mm/h�U 4á�Vr�1.5mm/h�

U 1á"<��

Fig. 4�f��òF CaCl2��1ÉCnÒ�¯°VÀ
êv�±�ûE£�^�"4� Cn�f��ò=	
¹#�-5Ò�û:� CaCl2 ���±ª��Uv��

1ÉU 7%Ò�%�v��±�^��� CaCl2 ~ 

ÉaÒ�^�

ÉbÒ±�^�

Fig. 2� xJÕÖ×IJÜÝ

Fig. 3� �ÐPàá CaCl2ÒÓÔY�./Þß

Fig.Ç 4� ��JPàá&È&%
ÒÓÔY�./Þß



Í�^�v��"AG#C�na�1�iYx'Aá�

(�

Fig. 5�f����û:��ðáç��
ÏÉCaCl2Ò

�¯°VÀêv��
Ï��ðáç��feAG#

C�p�iYx'A[
(4���öÏ¯°�J&Yý

[ 15,30g/m
2�&²�y����EwCaCl2^�¯

¥:i�CaCl2���ðÃ�Nê\É}ÉÒTý��

ðáç�Ë£I������CaCl2�A�ð����

�eI��áç¥��E�ËÉc^�ED$'Ã°��

«#((X"�nI���

4 Õâ|P

æ����}É¬�ðß=$��ûE£±��

CaCl2^�#(3�f,ûE£f��òF CaCl2�

�1�	¹"�
Ï�VÀ�Ã��EwØh(�

z�g^�¸¹��"A3*D(�

É1ÒÇ^��øÉ�" ~ò�±�Ò�E� CaCl2

��1�	¹��Ê<n=�/¢:Y�ý�

�1�H¼J¼��	¹v��

É2ÒÇ ñ�¯�û:��ðáç��
Ï��^�¯�

�ðÃ�N�ê\¥:i�z�3��ð�Ë

Éc^�ED$¯°��(~VÀ#<=�

23�f,�f��òF�
Ï�VÀaÏ��de

v�(X��}É¬�ð�ê\JwK��P�v��

ãäåæ�

1Ò Læ�)ÆE*PÆ5ó��Ý}É¬�ð�û

:�f,f��òF;g��#��1VÀ"©

�òó�Jv�������He£¤ÎýÆr
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