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2.2� � !�
½u¨0¾H"��*�yz{|}X�<¿½uÀg

H"�	*��Y�<¿½uÀgH"�#*�SÁ2k

TR-20-L�½u¨)pH��	*�s6

"��� � !$%�

½u¨ÂÃ
X	�Ä�

(mm)
x;�%�Å¹�

(mm×mm) ��L�

Æ�� Ç Ç Ç
TR-15-L 150 180×300

!�¹TR-20-S
200 

120×250
TR-20-L

180×300 TR-20-T ��¹
TR-25-L 250 !�¹

"�	� &'()*
�+,� -.�

ÈÉ�Ê
(N/mm2)

ËÌÍÎÏÐ
(N/mm2)

ÑÒ�Ê
(N/mm2)

Óa�Ê(ÔÕÖ)
(N/mm2)

×Ø�ÏÐ
(N/mm2)

16.9 2.57×104 1.88 2.47 3.00×104
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Development of Slab Strengthening Methods 
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;òó�Yôõ<mö
÷ø�Ê
(N/mm2)

Óa�Ê
(N/mm2)

ËÌÍÎÏÐ
(N/mm2)

XùúYóD13õSD295Aö 303 498 1.70×105

	û�Yó8üõSWM-Bö 465 512 2.01×105

�	
YóD10õSD295Aö 389 549 1.67×105
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2.4� ^ -.�
l½u¨�1*Ù×ÐiÚÀgH"�K*�s65³
4���½u¨°Æ��½u¨*�+���*Ù×Ð/

Å¹®kK�] �Ù×�p�,-*fg/O,8�/

åæQ¹�6¯����¹Q��L�H3K� TR-20-T
Q°��½u¨�ë.Ê�Ù×Ú���k �d���

�:���	
���;</~�����*+ 0¨©

��Ù×�+Jk/-$)*0��°fg/O,8�/

åæQ¹�6

"�K� �_[\`]I-.�

½u¨ÂÃ
123Ä�

õmmö
��L�

��)

õHzö
��4

õHzö
��45

��)

Æ�� Ç Ç 22.7 Ç Ç

TR-15-L 150 
!�¹

23.2 29.6 1.28 
TR-20-S 

200 
23.2 29.9 1.29 

TR-20-L 23.5 30.4 1.29 
TR-20-T ��¹ 24.1 29.9 1.24 
TR-25-L 250 !�¹ 23.0 29.0 1.26 

l½u¨�6Å�=�çè7}8H"�T*�l½u

¨��=Ç$)9�H��a*�s6XùúY]+^�

	
Y�÷ø:<¿½uÀg+ :;��÷ø%³�H

<��=����65³4���½u¨°Æ��½u¨

*�+�����ª�>*«¬��] ����	
*

0s,��fg/O,8�/åæQ¹�6k]���½

u¨Q:��	
Y�÷ø:æ�94k7K�6

��¹L�H3K�TR-20-T:�ëì?@Q!�¹L
���TR-20-L�ABëC��=Ç$)9�õ��Cª
�ö�çèDEH���6�F��TR-20-T*]5��9
G%^Ñ4:7k H±*cI��/�84:��;<

/�	
J=HKL��5k5�����94,6

"�T� bcdefghi*>�

½u¨ÂÃ
6Å�=

çè7}8
M�=(kN) $ò(mm) 

Æ�� 10.8 70.2 �	
!xY÷ø

TR-15-L 34.4 78.1 XùúY÷ø4Z["NO

TR-20-S 19.7 6.5 Z["NO

TR-20-L 36.5 44.0 XùúY÷ø4	û�YPQ

TR-20-T 35.8 42.1 XùúY÷ø4	û�YPQ

TR-25-L 30.6 23.1 XùúY÷ø4	û�YPQ

��a� j� !�de�UAkl�
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2.5� ^ -.f]mn�op�
(1)�qr�

1 *Ù×Ð�tu��i:����H"�a*�R2
��*+,»"S*7}þzXõT±��ö�tu��

i:����H"�s*�s6×2]+^R2�5³4

���*+K�°tu�Q:X	�Ä��U5*+,�

��U5:V4�]9³�X	�Ä�/Å¹®k,AW�

tu�:i:�HÅ¹®!�,�5JÀg�kK�6�

�/i:�H!�,UX���:	û�Yx;/Rp*
9/K�5,YZ/��94,6
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�\*Ù×Ð�i:Ö�¼

f��/(2×L2)×� E×I5(w/g)
Ló�ãz¼ ¼ ¼ ¼ ¼ ¼ ¼ Ió»"S*7}þzX
Eó×Ø�ÏÐ¼ ¼ ¼ ¼ ¼ gó=�¬[Ê
wó�ò]�O� ��=

"�a� �_[\`�^ nf]mn�op�

½u¨ÂÃ
123Ä�

õmmö
L�

tu�

õHzö
i:�

õHzö
tu�5

i:�

Æ�� Ç Ç 22.0 26.6 0.83 
TR-15-L 150 

!�¹

29.6 35.9 0.82 
TR-20-S 

200 
29.9 40.7 0.73 

TR-20-L 30.4 
40.5 

0.75 
TR-20-T ��¹ 29.9 0.74 
TR-25-L 250 !�¹ 29.0 45.4 0.64 

"�s� tuvd�Gwxyz_i*{'
�op�

½u¨ÂÃ
tu�

õmm4ö

i:�

õmm4ö

tu�5

i:�

Æ�� 2.42×107 3.43×107 0.71 
TR-15-L 6.53×107 6.81×107 0.96 
TR-20-S 7.35×107

8.68×107

0.85 
TR-20-L 6.77×107 0.78 
TR-20-T 6.97×107 0.80 
TR-25-L 6.67×107 10.95×107 0.61 

�

(2)�
|}
~���D�
XùúY÷ø=ª��tu��i:����H"��

*�s68�i:Ö*:!^*�s+J*.�_`ª�

ÖHa���65³4�½u¨*]5�°i:�:tu

�HÅ¹®��K�6k]�Æ���½u¨��:�	


!xY÷ø=ª�H�s6

¼

�XùúY÷ø=ª��i:Ö�¼

Ma�0.9batbftbd
at óXùúY»"ý

ft óXùúY÷ø�Ê

d ó9G<�cf�5
d�õ�	
ðeX	�Ä�öf¼

"��� 
|}
~���D�^ nf]mn�op�

½u¨ÂÃ
tu�

õkNgmmö
i:�

õkNgmmö
tu�5

i:�

Æ�� 5.88b103 5.22b103 1.13 
TR-15-L 13.0b103 9.00b103 1.44 
TR-20-S Ç Ç

TR-20-L 15.0b103 10.7b103 1.40 
TR-20-T 14.6b103  1.36 
TR-25-L 18.3b103 12.5b103 1.46 
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¼
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	û�YPQ�p#HLM�#*�s6	û�Y�P

Q:x;+ hk,+J*cI��] ����H�i

*	û�Y�PQ/H±*cI��j*$)/����6

LM�#� �����
�������:�����

	û�Y�PQ��Ê�i:�H���k	�*tu

�Hú�ùX��°�H���*�s68�i:Ö*:

�}�PCa%�X	�Y�	û�YPQ=��l»ª�
ÖHa���6PQ]��ÏÐH1.0�s,8�*+ �
tu��i:�:+®0m��6

¼

�	û�YPQ��Ê�i:Ö�¼

�n���¹¼ r�k��yÇag�õa�0.4�y5�ö
�o���¹¼ r�k��2Es5�2

� óp]�õ�kgLr5irö
Lró	û�Y�]�(��sqr)
KóPQ]��ÏÐ
Ir ó	û�Y�»"S*sô

��s� ���
����Lr��

���� ���
����D��k=1.0�

�

���

���

���

���

���

� �� ��� ���

-

./� �������

������0
�������

ty

0.6ty

u

rtk�tyÇvgw

rtk�x2ys5w2
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X	�Ä�

(N/mm2)
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�1	

�1�
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�1� �1� �1� �1� �1	 �1� �1� �1� �1�

0203

4243

56789:;

56789�<

(4) ��y�����w���
Z["NOçè:LM�K*�s+J*x;Z[�%

QcI��684:x;Z[�%��êx;	û�Y7

9�Óa�*+ Z["*Óa��/Iì�8�/|}

���94,68�	û�YÓa�/yz{|}X��

Z["*~BsYZHqrs,��* FEM ��H3K
�6x;Z[�%� FEM ��*+,���0�H��
�*�s6���Àg��%�ð��Z[;����Ð

õ~�������zkÏÐöH���tu�ëì?@

*s,��Z["*Óa��/F�s,��:	û�Y

79�Óa�*77
9³0�QO,8�/æ�94�6

LM�K� ��@����y���

Óa�ó5.0kN¼ ¼ Óa�ó11.0kN 

���� ����@��������Gw���$��

P�ÀgH�*�x;�%*:Z["��/!^�+

J*F���5,�����	û�Y*¥¦��&}'

�6Å�õNO¯�:PQ�)ö+ :���x;�%

�Z["��ÊH"��*�s6

�x;�%�Z["��p��¼

�l»��¼ó¼Z["ñ¨*F�¼

Óa��¼ ¼ó¼x;	û�YH�i*55mm���
�*F�õ���+ ö¼

�

"��� j� !���y�D�� �  V¡¢£¤¤:�

½u¨ÂÃ
� �

çè7}8
Óa �l» Óa �l»

TR-15-L 2.17 0.47 2.06 0.46 Z["NO(�)
TR-20-S 2.35 0.25 2.11 0.23 Z["NO(�)
TR-20-L 1.97 0.34 2.18 0.35 	û�YPQ(�)
TR-20-T 1.93 0.32 2.03 0.34 	û�YPQ(�)
TR-25-L 1.62 0.23 1.69 0.23 	û�YPQ(�)
�¼ ¼ ¼ ¼ :NO��Z["H�s6

ë.Ê�Óa��Ê/F���5�°Z["NO�

cÆ*��/Iì�684:yz{|}X�Óa�Ê*

:�	��/Å¹58�@/YZ��5,���94,6

x;�%*:Óa��Ê��l»��Ê/ë=*F�

��5,�Q��T�H�	��!^��Ö*�Z["

NOª�H����6P���ÀgHú�ùX��k	

�H���¥*�s6��Óa]+^�l»��Ê*:

Ô��a�L3�*���4�5,<¿�ÊH�5�6

8�����Q:�NO�OK�Z["*v5�tu�

:i:�H20%����,Àg�kK�6
¼

�Z["NOª����Ö�¼

õT/Taö
2eõQ/Qaö

2n 1.0 
T óÓa��Ê
Taó��Óa��Êõ��B/10�1.69N/mm2ö

Q ó�l»��Ê
Qaó���l»��Êõ��B/10�1.69N/mm2ö
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/åæQ¹�6

¢£¤¤:

Óa�F�ò' Óa�F�ò'
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/åæQ¹�6dtuÀgH�5�tL����fg
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4) Ù×��H,-s,fgHcs,8�/åæQ¹�
/�X	�Ä��U5*+,��fg�U5/tuÀ

g*V4�]9³�tu��i:�*:��/Iì�6

5) XùúY÷ø=ª�*v5�:�i:�/tu�H�
��ñj*��Q¹,8�/åæQ¹�6

6) 	û�YPQª�*v5�:�i:�/tu�HAB
 º*��Q¹,8�/åæQ¹�6

7) Z["NOª�*v5�:�����Ê*Ô��a�
L3�*���4�<¿�ÊH�5�Óa��l»�

�T������*0���i:�:tu�+ °�

��ñjQO,8�/åæQ¹�6

¼

#�PCªµ¿À���������
PC$_`a ����:�¡���H�T�����
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a�H��,8�Q�$£¤*ÈÉ�(®��G�)H¯°
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H�±�G,�n�kK�5,684*+ 

�
�/,-�4,F§Qk®��	
�p�/$©s

,��Ù×��H,-s,fg°c��5,6

��)���������*:x;¥�H�Yyz{

|}X(RC).*��£z­}Q²����H���/�
PC$_*Å¹ka�H¯°s,³T*:RC.H´µ�
�x;¥�H²�s,���¯��¶.* �s,8�

°·�QO,6�9*�L�¸�@*+,©<��Ê�

$©*0��:�´ßXZT;*¹"ºùX�¹"P¥

H�5,8�*+ 0�/·�QO,6

¼

3.2� � !�
���	*½u¨)pH�"��¥*½u¨»¼H�

s6¯��"���*yz{|}X�<¿½uÀgH�

s6½u¨:�]±{|}ú½uH½§��¹p�¾;

Hcs,´î8�	
½u¨QO,6k]�yz{|}

X*:¿(yz{|}X/�594�5,6

yz{|}X:2001À8Á27Â*Ã&�4�<����
ÄÅÀ/DE��5,6¯��½u¨*:yz{|}X


�ù{*+ 2.5kN/m2�ý��=/��94�] �

2005À9Á=�Q14Æ15mm��
�/Iì�5�6
¼

¼

¼
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¼

¼

¼

¼

����� ������ÁÂªµ¿À�������

¼

¼

¼

¼

¼

¼

¼

¼

¼

���	� � !AB�

¼

"��¥� � !ÃÄ�
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 Ç�

3ÈÉÌ

mm

´î8 >Y

ð�

mm
Ê

mm
ô

mm
�Ë

mm x; ��;

240 650 6,000 180 205 �Yó5-D10 
!Yó4-D10 

�Yó4-D10
!Yó4-D10

¼

"���� &'()*
�+,� -.�

ÌI
<�

Â

ÈÉ�Ê

N/mm2
Ø�ÏÐ

kN/mm2
ÑÒ�Ê

N/mm2
�=

g/cm3

Í7l 28 25.6 15.6 2.25 1.88 
ÎÏÐ¹ 1,481 32.4 16.1 Ç 1.79 

¼

3.3� ÅÆÇÈ^ �
(1) ^ ���
dtu:�a����p#]+^`a(��	
��


�(�ÑÏHåæs,8�H�2���6���#*

tu*�5�$£¤��îúH�s6$£¤:2mÒ���
(a):²�ÖQ©<H`as,�îú�(b):�ÓÖQ!¨
<H`as,�îúQO,6¯�����$£¤�&'

ò':�x;79�ãz�1/3 �ò'���©<g!¨<
�°*26ü�PC$_H�5�6�9*©<�¡j*:�
�Ê�"Ô*0�Q¹,+J*¹"ºùX]+^¹"P

¥H�5�6̄ ��x;¥�:�M20gÕÖ�]�120mm
���£z­}H5 d�5�²���6
���K*$òÚ�ò'H�s6$ò�Ú�:�×Ø

Ö$òiH�5�%³��Ú�:�$£¤]+^lPC$
_�¡"*%³�&}'H¥¦��3K�6
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(2)�^ -.�
���T* PC$_#�¯°a���	
����$
ò��ÑÏH�s6PC$_¯°a�:õaö²�Ö$£
¤õ�!�$£¤õaö�^s6öQ:©<�õbö�ÓÖ
$£¤õ�!�$£¤õbö�^s6öQ:!¨<�Ù7
9Ú��6tu:��	
���$òÛÜ*+ 35�2�
4�6�8mm�l=�QiÚH3K�6
�	
�$)õÝ® (ö:¯°a�*AB����

Å¹®k �$£¤õaöH����³TQ:Ä 100kN�
$£¤õböH����³TQ:Ä70kN�a�H¯°�
�=*8mm*���6
���a*6Å$ò=õ8mmö*]§,�	
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¼Summary¡When reinforcing vibration-inducing slabs or slabs placed under heavier loads due to renewal, 
existing reinforcing methods involve problems such as poor performance of construction and difficulty in 
reinforcement while in service. The authors therefore developed a “method for reinforcing the floor by 
attaching truss reinforcing bars” and another “method for reinforcing the floor by tensioning pre-stressing 
steel”, both of which require compact reinforcing members and can be implemented easily. 

Keyword¡Slab Strengthening, Truss, PC Bars�Structural Experiment, Vibration Measurement 
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