
1

RC

S RC

S

1)

S RC

RC S
2), 3) 3

FEM
4)

CD /BD CD BD 1.14

1.82

RC S

CD /BD 1.0
5)

RC S

CD /BD 1.0

FEM

2. 

2.1 

1 1

*1 *2 *1

RC S FEM

1.0 5

RC S

FEM

RC S

*1

*2

1 No.5

5

S RC

5 l 4,000 

mm h 2,660 mm 400 mm 400 

mm J tp 2.3 mm

b tw 9 mm

J tw 6 mm

CD /BD = 1.0 Cb 

/Bb = 3.2 Cb Bb

Fc 36 N/mm2 No.5

No.5 4

No.2 cb / Bb No.5 CD /BD 

= 0.8 BD CD

400

39
60

20
2

60
39

3960 202 6039
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40
0

50
40

0
50

400
D

B

bBPL-2.3

PL-9
PL-6

b B
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33

0
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33
0

1,
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0
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0
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D
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D
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1

2 3

No.1 CD /BD No.2 cb /Bb = 4.0

No.2

No.1 No.2

Fc 36 N/mm2

No.3 4

Fc 60 N/mm2

No.3 No.2 No.4 No.5

1 3

2 3

2.2 

4

δ R = δ  / h  = 

+6/100 rad

2.3 

4 Q R

4

4 2)

No.5 R = 1.5/100 rad

R = 3/100 rad R = 

+6/100 rad

4

(SN400B) (SN490B) (SN400B) (SS400)

BD Bb btw btf Fc CD Cb Jtw Jtp CD / BD Cb / Bb
( mm ) ( mm ) ( mm ) ( mm ) ( N/mm2 ) ( mm ) ( mm ) ( mm ) ( mm )

No.1 100 28 4.0
No.2
No.3
No.4
No.5 36

22 6 2.3400 16-D22 -D6
@40

H

400

(SD490) (UHD685)

400

9

36

1

500 0.8

125 3.260

(N/mm2) (N/mm2) ( 105N/mm2)

D6 SHB685 750 959 1.81
D22 SD490 518 701 2.07
PL22 426 549 2.12
PL28 360 513 2.13
PL9 352 456 2.19
PL6 387 467 2.14

PL2.3 SS400 361 441 2.05

SN490B

SN400B

( N/mm2 ) ( 104N/mm2 )  ( - ) ( N/mm2 )
46.1 2.98 0.178 3.62
45.1 2.90 0.161 3.46
45.2 2.96 0.176 3.57
44.4 2.89 0.16 3.41
74.3 3.57 0.200 4.86
71.5 3.35 0.183 5.17
74.0 3.57 0.198 4.84
71.3 3.34 0.181 5.16
44.2 2.94 0.175 3.50
43.5 2.86 0.159 3.35No.5

No.4

No.3

No.2

No.1

2

No.5 CD /BD = 0.8 No.2

No.5

No.5

R = +6/100 rad

CD /BD No.2 Cb /Bb = 4.0 No.1

No.2 5

No.1

Fc = 60 N/mm2 No.3 No.4

No.3 No.2

No.4 No.5

No.2 No.5

5

5

mm 2,000

1,
33

0
1,

33
0

2,000
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4*1 ACI

4

S RC

2.4 

5 1

ε 1 ε 2

ε 2 = -0.3 ε 1

ε 1

ε 2 0.3

ε 1 ε 2

ε 1 ε 2 5

4

3 von 

Mises 6 R = +1/50 

rad ε 1 ε 2

5

ε 2 = -0.3ε 1

CD /BD
4)

ε 1 6
4)

1

5

CD /BD Cb /Bb RC

S

3. FEM

2 5

3 FEM

FEM

4

CQu_exp R CQJu CQBy CQBp CQCu CQu_exp CQu_exp CQu_exp CQu_exp

( kN ) ( rad ) ( kN ) ( kN ) ( kN ) ( kN ) CQJu CQBy CQBp CQCu

349.0 0.030 1.19 0.77 0.66 0.80
-329.4 -0.030 1.13 0.72 0.62 0.75
358.3 0.029 1.22 0.65 0.59 0.82
-341.2 -0.030 1.16 0.62 0.56 0.78
404.4 0.030 1.20 0.74 0.67 0.82
-398.0 -0.030 1.18 0.73 0.66 0.81
364.7 0.030 1.26 0.89 0.80 0.78
-361.3 -0.030 1.24 0.88 0.80 0.77
299.0 0.030 1.16 0.73 0.66 0.72
-302.9 -0.030 1.17 0.74 0.67 0.73416.9

No.4 410.2 453.8

No.1 454.6 527.9292.2

No.2 548.8 605.4

No.3 548.8 605.4

437.2

492.2

469.8

No.5 410.2

294.5

338.3

290.2

258.3 453.8

2)
*1

438.8
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DIANA10.1

3.1 

7

1/2 RC 8

S

4

4+4

3.2 

8

2 3

σ t

fi b Model Code 20106)

(1) 

Gfc
7) Feenstra

8) Hsieh-Ting-Chen

4

Gf
9) Hordijk 10)

Al-Mahaidi

(2) 

1/100 Bilinear

von Mises ν 0.3

(3) 

CEB-FIP Model Code 1990 11)

tt μ tn

μ
12) 0.40

800 N/mm2/mm 13)

3.3 

2

y

RC
S

S
※

※

※

※
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2,000

2,000

1,
33

0
1,

33
0

7 FEM

6 R = +1/50 rad

�����
��

��

�
�
�
�
��
���
��
�
� �
�

��

��

��	


��
 ��
 ����
	
��
���������

�
�
�
�
�
���
��
��
�
� �
�

	


		
�	����������	���

�

8

Hordijk

5
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9 FEM

9 FEM

Q-R 5

FEM

R = 1/100 rad

FEM

R = 1/100 rad

No.4 4 FEM

No.4 R = 1/100 rad

5

FEM

R = 1/100 1/50 rad

No.4 FEM

4 FEM R = 

3/100 rad

5 FEM

-7% +4%

FEM

3.5 

10 1

ε 1 ε 2

FEM

11 R = +1/50 rad

10 11

No.2 5 2

10 FEM

ε 2 = 

-0.3ε 1

11

FEM

No.2 No.1 Fc = 60 N/

5

CQu_ana

CQu_exp R CQu_ana R CQu_exp

[ kN ] [ rad ] [ kN ] [ rad ]
349.0 0.030 0.98
-329.4 -0.030 1.04
358.3 0.029 0.99
-341.2 -0.030 1.04
404.4 0.030 1.01
-398.0 -0.030 1.02
364.7 0.030 0.93
-361.3 -0.030 0.93

299 0.030 0.95
-302.9 -0.030 0.94

0.027355.6

0.027343.6

0.029285.4

0.035337.4

0.030406.8

No.5

No.4

No.3

No.2

No.1

FEM
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1) 
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PhD thesis, Delft University of Technology,  1991

11) Comite'  Euro-International Du Be' ton CEB-FIP Model 

Code 1990,  1990

12) 2012

13) 

3

C-I III pp.1135-1136 2000.7

10 FEM

11

R = +1/50 rad FEM

ε 1 ε 2+2000μ -2000μ
No.2

FEM FEM
No.5

 

- 1086 -


	20180328_nakata_TQMIX_modified_1
	20180328_nakata_TQMIX_modified_2
	20180328_nakata_TQMIX_modified_3
	20180328_nakata_TQMIX_modified_4
	20180328_nakata_TQMIX_modified_5
	20180328_nakata_TQMIX_modified_6

