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(3)  
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4.3.3  

t 2

-4.6  

-4.7a) c) 1 3

1 t2 2 (B)

(D)

2 (C) t2 2 3

(E)

(F) (4.3) -4.19

0.931

931.074259.061.2 2RE ssc (4.5)

( )

(kN/mm2)  
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-4.6  

 

  

(A) 
 

(B) 
 

(C) 
 

(D) 
 

(E) 
 

(F) 
G2 -701 2.66 1.99 0.85 53.6 -166 
G4 -659 2.62 2.13 1.05 54.3 -224 
G5 -820 2.54 2.47 1.10 42.7 -234 
G8 -626 2.58 1.10 0.52 76.5 -154 
G9 -655 2.61 0.65 0.34 62.4 -74 

G10 -517 2.75 0.44 0.26 89.2 -50 
G11 -512 2.71 0.43 0.06 78.1 -17 
G12 -500 2.70 0.41 0.16 79.3 4 
G13 -590 2.69 0.63 0.19 82.1 1 
G14 -542 2.69 0.60 0.17 84.4 -18 
G15 -709 2.66 0.74 0.36 68.6 -237 
G16 -1036 2.61 1.88 1.10 44.7 -756 
G17 -873 2.67 0.96 0.54 66.0 -455 
G18 -623 2.73 0.55 0.18 81.0 -142 
G19 -865 2.72 0.88 0.48 64.5 -400 
G20 -626 2.68 0.73 0.41 67.4 -174 
G23 -667 2.68 0.58 0.35 66.4 -180 

 

-4.7(a) ( 1)

  
 t t2 (A) (B) (C) (D) (E) (F) 

 -1388.3 (A) 1 
(B) 218.0 0.8 0.6 (B) 0.436 1 
(C) -113.3 -1.4 2.0 (C) -0.581 -0.726 1 
(D) 325.8 1.8 3.1 (D) -0.705 -0.714 0.964 1 
(E) 3.3 1.9 3.5 (E) 0.764 0.709 -0.855 -0.897 1 
(F) 0.7 7.0 49.4 (F) 0.948 0.313 -0.492 -0.656 0.660 1 

R2 0.948 
 

-4.7(b) ( 2)

  
 t t2 (A) (C) (E) (F) 

 -794.3 (A) 1 
(C) 12.3 0.4 0.2 (C) -0.581 1 
(E) 3.2 1.8 3.3 (E) 0.764 -0.855 1 
(F) 0.6 8.0 63.4 (F) 0.948 -0.492 0.660 1 

R2 0.932 
 

-4.7(c) ( 3)

  
 t t2 (A) (E) (F) 

 -742.4 (A) 1
(E) 2.6 2.6 6.9 (E) 0.764 1
(F) 0.6 8.4 71.2 (F) 0.948 0.660 1

R2 0.931 
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4.3.4  
(1)  

 

 

(2)  

(G5) (G11) 2 (G15 G16) 4 -4.8

 

 

-4.8

( )  
(%) 

 
(g/cm3) ( ) 

G5(GA) 2.47 2.57 -820 
G11(GL) 0.44 2.69 -512 
G15(GS1) 0.74 2.64 -709 
G16(GS1) 1.88 2.56 -1036 

 

(3)  

-4.9
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3 15
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-4.9
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4.4 4  

 

 

(1) 182
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-509 -820
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-623 -1036

 

 

(2) 

0.5 ( 0.190
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(6) (Es) ( s)

74259.061.2 ssc E

( 0.931)  

 

(7) ( )

( 0.6

)

 

 

(8) 

5 15

 

 

4  

1) 2011.9 

2) 247 pp.97-108

1976.3 

3) 

606 pp.9-14 2006.8 

4) No.481

1987.3 

5) 

pp.7-12 2010.12 

6) S.P. J.N. ( ) ( ) 1973.2 

7) HENG SALPISOTH, , , 

65 V-284 pp.567-568

2010.9 

8) 2010.3 
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( ) A-1( ) pp.431-432 2011.9 
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)(
)( (5.8) 

 

s 10-6 E kN/mm2 V t

W/C % V/S cm h % Ra

s 10-6

c, p s g

 

-5.1  

 
 0.322 4.77 86.3 54 5.9 4.2 

 0.518 -4.72 67.8 581 6.9 0.2 
B  0.608 -10.77 143.7 -1408 6.9 -0.9 

 

5.2.2  
-5.1
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5.2.3  
(1)  

4

-5.2

 

 

-5.2  

   
( )  

2) 35 70mm  
3) 100 100 200m 100 100 200m 

4)   
5) 20 40mm 20 40mm 

6)   
7) 35 70mm 35 70mm 
8)   
9) 45 50-100mm 45 50-100mm 
10)   

 

(2)  

-5.2

11) 12)

 

-5.3
10) 12)

 

-5.2 -5.3 (5.9) (5.10)

(R2=0.347) (R2=0.442)  

 

347.017790.8 2REag (5.9) 

442.03.58 2
28.0 RQEag (5.10) 
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Eag (kN/mm2) (g/cm3) Q (%)

2.24 3.00g/cm3 0.17 2.93%
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( ) 

[ ]  

546.097416 2RQag 5.11  

[ ]  

304.05885 2RQag 5.12  

ag ( ) Q (%)

2.24 3.00g/cm3 0.17 2.93% -65( ) 935( )

 

 
5.2.4  
(1)  

3 4

-5.3

4 -4.1 G2 G23 S1 S2 4

-4.2 S1 S2 S3 S4 3 -3.2(a) SS2

MS2  

(5.10) (5.11) (5.12)

(5.10) (5.11) (5.12)

(5.11) (5.12)   

-5.7 ( 182 )

G19 3 (S2 S3 S4)

 

(2)  

-5.4

1)

( 60kN/mm2 337 )  
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-5.3  

 
 

  
 

3)( ) 

1) 
 

Q 
Eg g 

2) Q Es s  
 

    
 

 
 

G2 

 

1.99 53.6 47.4 166 227 S1 1.20 55.2 176 701 771 720 
G4 2.13 54.3 48.0 224 220 S1 1.20 55.2 176 659 794 716 
G5 2.47 42.7 39.4 234 371 S1 1.20 55.2 176 820 824 802 
G8 1.10 76.5 54.8 154 163 S1 1.20 55.2 176 626 743 674 
G9 0.65 62.4 57.8 74 146 S1 1.20 55.2 176 655 693 659 

G10 0.44 89.2 82.8 50 84 S1 1.20 55.2 176 517 631 581 
G11 

 

0.43 78.1 74.6 17 86 S2 2.07 46.9 290 512 613 645 
G12 0.41 79.3 81.3 -4 40 S1 1.20 55.2 176 500 598 557 
G13 0.63 82.1 75.6 -1 78 S1 1.20 55.2 176 590 612 590 
G14 0.60 84.4 79.9 18 49 S1 1.20 55.2 176 542 616 565 
G15 0.74 68.6 63.8 237 211 S2 2.07 46.9 290 709 761 751 
G16 1.88 44.7 48.2 756 685 S2 2.07 46.9 290 1036 1039 1014 
G17 0.96 66.0 59.2 455 298 S2 2.07 46.9 290 873 898 806 
G18 0.55 81.0 69.8 142 132 S2 2.07 46.9 290 623 713 694 

G19 
0.88 64.5 57.1 400 348 S2 2.07 46.9 290 865 866 836 
0.88 64.5 57.1 400 348 S3 2.26 45.6 843 1057 866 1075 
0.88 64.5 57.1 400 348 S4 2.57 43.9 624 955 866 986 

G20 0.73 67.4 64.1 174 207 S1 1.20 55.2 176 626 738 684 
G23 0.58 66.4 69.4 180 136 S1 1.20 55.2 176 667 735 636 

Q (%) Es,g (kN/mm2) s,g ( ) 1) 4 -4.1
2)S1 S2 ( + / ) 4 -4.2 S3 S4

3 -3.2(a) SS2( ) MS2( ) 3) 182
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5.2.5  
(1)  

5.2.4

 

-5.6

JIS A 1129-2( ) A( )

 

-5.9 -5.10

395 997

632 175.8kg/m3

48.4% 372.3 kg/m3 33N/mm2  

-5.11

95% 5% 1/3

70%

7%  

 

-5.6

  ( ) 

 118 

( ) 395 997  (632) 

(N/mm2) 21 57  (33) 

(%) 35.5 58.9  (48.4) 

(kg/m3) 152 186  (175.8) 

(kg/m3) 284 508  (372.3) 

(kg/m3) 833 1045  (946) 
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(a) (b)  

-5.11  
 

(2)  

( )

(Es 60kN/mm2
s 337 ) ( )

2012 (

) (5.13) (5.15)

W 175kg/m3

13)

W 200kg/m3

4 13) =6

=6 ( ) =4 ( )

-5.7  

 

0

2

0inf,

0

100

100601
1001

,

ttd

ttRH

tt
sh

sh                   (5.13) 

shsh 182
1inf, (5.14) 

70.0
2114

12030
WC

(5.15) 

45%

33%

4%

5%

4%

3% 2% 2% 1% 1%

68%

25%

7%

+
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WC
Wsh 3020

454.2                        (5.16) 

GS
G

G

S

S

100100
(5.17) 

 

),( 0ttsh t t0 ( )

RH (%) d (mm) inf,sh

sh ( ) W

(kg/m3) C/W ( =4~6)

=4 S G

(%) S G (kg/m3) 

 

-5.7  

   
    

 
(5.11) (5.13)   

( ) - - 

a - - 4( ) 
6( ) 4( ) 

 

-5.12 -5.13

-5.7  

-5.12 50%

1

R2=0.86

1.08

R2=0.79

 

-5.13 50%

0.92 0.87

R2=0.88

R2=0.86 =6
13)  

-5.8
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-5.8  

 
  

    

 -1 -21 31 49

 289 280 287 364

 -327 -353 -224 -224

-  616 633 511 588 

 8777 11267 6950 8143

 94 106 83 90

 
 

5.3  

 

4 6

=4 13) =6

 

 

-5.9

170kg/m3 W/C50% 4.5% 0.350m3/m3

2.60 g/cm3 2.65g/cm3  

-5.10

+ +

+ + JIS A 5005 0.5%

3% 6

4 5 6  

-5.14
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(0.5%)

(3.0%)

8 4

( =6)

 

-5.15

6 8

100%

4   

 

-5.9  

 
 

(%) 

W/C 

(%) 

(kg/m3) 

W C S* G* 

N 4.5 50 170 340 851 928 

* 2.60 g/cm3 2.65g/cm3  

 

-5.10  

 
  

(%)   

    

0.5 3.0 
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(3) 

 

 

(4) 

6 8 4

 

 

 

5  

1) 3

No.602 pp.21-28

2006.4 

2) 1 2

A-1( ) pp.929-932 2010.9 

3) 

E2 Vol.68 No.1 pp.72-82 2012.3 

4) 

4199 2011.3 

5) 

pp.359-364 Vol.32 No.1 2010.6 

6) 

Vol.31 No.1 pp.553-558 2009.7 

7) , 

No.557 pp.15-22 2002.7 

8) 

Vol.24 No.1 2002.7 

9) 

549 pp.1-6 2001. 

10) 

Vol.21 No.2 pp.601-606 1999.7 
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11) 

Vol. 16 No. 1 pp. 497-502 1994 

12) 

E2 Vol.69 No.3 pp.309-323 2013.9 

13)  

E2 Vol.69 No.4 pp.421-437 2013  
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6 RC  

 
 
 

6.1  

-600 -800

-1000

1)

 

RC

-1000

(50% 35%) (250mm 500mm 1000mm)

RC

 

 

6.2  

6.2.1  
-6.1

2005

JIS A 1129-3( 100×100×400mm) A( )

20 60% 6 -1000 (-1038 -1146 )

 

AE AE  

PC C 1 ( SBPD1080/1230)

( -6.1)  

-6.2 40N/mm2 60N/mm2
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( W/B) 50% 35%

170kg/m3 W/B 10 2.5cm 15

2.5cm 4.5 1.5% RC

(LS ) (HS

) ( -W/B LS50 HS50 LS35 HS35 ) HS

LS

LS35

20kg/m3  

 

6.2.2  
RC -6.3 -6.1(a) d 250mm

500mm 1000mm 3 (d250 d500 d1000) RC

300mm (a/d) 3.0

(ps=As/bd As b ) 1.03% 1.06%

2 24   

-6.1  

  /  

 W  

 C , 3.16g/cm3 

 EX ( ) 3.16g/cm3 

 S 2.65g/cm3 1.86% 

 G 2005 2.69g/cm3 0.89% 

  AE ( ) AE  

 

-6.2  

 
 

 

 

 

 
W/B 

(%) 

s/a 

(%) 

(kg/m3) 

 

(cm) 

 

(%) 
W C EX S G 

HS50   
10±2.5 

4.5±1.5 

50 46.4 
170 340 - 832 977 

LS50   170 340 - 832 977 

HS35   
15±2.5 35 41.0 

170 486 - 686 1001 

LS35   170 466 20 686 1001 
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7

LS

HS

140 300

64.4 66.3%

0.015N/mm2

-6.1  

RC

1000mm 1 ( -6.1(b)) 7

-6.3 RC  

 d 
(mm) 

h 
(mm) 

L 
(mm) 

c 
(mm) 

a 
(mm) 

b 
(mm) a/d ps 

(%) 
d250 250 305 2300 200 750   1.03 (2D22) 
d500 500 580 4500 500 1500 300 3.0 1.06 (2D32) 
d1000 1000 1130 7500 500 3000   1.06 (4D32) 

d: , h: , L: , c: , a: , b: , ps: (=As/bd), As: 

 

 
(a)RC (b) ( ) 

-6.1 RC  ( : mm) 

55 55190

300

30
5

d=
25

0

145
90

70

250250 210100
40

300

CL

300

d=
50

0

CL

58
0 360

120

100

500500 42025080

11
30

300

d=
10

00

14080 80

130

880

70

500250 10001000 850150

CL

( 13)

( L )

D32

D32

D22

11
30

1000

500500

56
5

56
5

14080 80 500

58
0

1000

500500
29

0
29

0

30
5

1000

500500

15
2.

5
15

2.
5

(13@100)

(25@100)

(39@100)
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100

200mm ( ) 150 200mm (

) 100 100 400mm ( ) RC

 

 
6.2.3  

RC 2

2

( 1/200mm 1/1000mm)

6

-6.2 ( 100mm 1/1000mm)

RC

(

5mm)

 

(

40N/mm2 100mm) RC

JIS A 1108, 1149 1113

( )

( )  

-6.1 RC  
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6.3  

6.3.1  
(1)  

-6.4 RC

LS50 39.6 40.4N/mm2( 40.2N/mm2) HS50 40.0 43.1N/mm2(

42.0N/mm2) LS35 51.8 58.6N/mm2( 55.0N/mm2) HS35 51.9 53.1N/mm2( 52.6N/mm2)

W/B LS HS

   

-6.2

2012 2)(

) LS HS

HS

LS
3)

LS HS

HS LS

 

-6.2  
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-6.4

   
( ) 

 

fc
’ ft Ec Gf lch 

LS50 
LS50-250-A/B 94/89 39.6  3.1  25.2  0.15 395 
LS50-500-A/B 114/113 40.5  3.2  25.3  0.15 378 
LS50-1000-A/B 107/111 40.4  3.2  25.2  0.16 383 

HS50 
HS50-250-A/B 121/129 40.0  3.0  21.4  0.20 476 
HS50-500-A/B 286/287 43.0  3.1  21.5  0.20 436 
HS50-1000-A/B 292/291 43.1  3.1  21.5  0.20 436 

LS35 
LS35-250-A/B 141/140 58.6  4.0  29.4  0.18 325 
LS35-500-A/B 218/220 51.8  3.7  29.4  0.17 363 
LS35-1000-A/B 176/178 54.7  3.6  29.4  0.17 383 

HS35 
HS35-250-A/B 209/211 51.9  3.4  22.7  0.22 432 
HS35-500-A/B 300/299 53.1  3.4  23.3  0.16 313 
HS35-1000-A/B 267/265 52.7  3.4  23.3  0.16 313 

fc’: (N/mm2)  ft: (N/mm2) Ec: (kN/mm2) Gf: (N/mm)
lch: (mm)  

 

0

1

2
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4

5
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f t
(N

/m
m
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E c
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/m

m
2 )
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G
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/m
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f'c N/mm2

GF=10(dmax)1/3f'c1/3

d: (mm)

 -6.2  
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  (2)  

-6.3 RC d1000

-6.5

HS50 HS35 W/B

LS35

LS HS W/B50% 161

267 ( 234 ) W/B35% 291 372  ( 329 )  

-6.4 HS RC

HS50

 
(a) (b)RC  

-6.3  

 
(a)HS50   (b)HS35  

-6.4  

-800

-600

-400

-200

0

200

0 50 100 150 200 250 300
( )
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)
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( )

(
)
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0.38 HS35 0.51 HS RC

0.1mm

c,def (+ -

) (6.1) -6.5

(LS HS ) W/B(50% 35%)

(250mm 500mm 1000mm) (A B)  

 

-6.5  

  
 
 

( ) 

 
  

c / c,cal  

s,def c,def s0,def Vc c 

LS50 

LS50-250-A 94 26 0.09 -29 81 1.07 0.91  
LS50-250-B 89 -24 0.09 -27 88 1.18 0.99  
LS50-500-A 114 -47 0.21 -54 130 0.87 0.86  
LS50-500-B 113 -39 0.17 -45 148 0.99 0.97  
LS50-1000-A 107 -73 0.35 -86 241 0.80 0.94  
LS50-1000-B 111 -57 0.28 -67 232 0.77 0.91  

HS50 

HS50-250-A 121 -291 1.02 -335 79 1.06 0.89  
HS50-250-B 129 -288 1.01 -332 78 1.05 0.88  
HS50-500-A 286 -307 1.33 -363 140 0.93 0.90  
HS50-500-B 287 -302 1.31 -357 131 0.87 0.84  
HS50-1000-A 292 -234 1.11 -280 198 0.66 0.76  
HS50-1000-B 291 -246 1.17 -295 208 0.69 0.80  

LS35 

LS35-250-A 141 -71 0.25 -79 110 1.47 1.09  
LS35-250-B 140 -56 0.20 -62 110 1.47 1.09  
LS35-500-A 218 -30 0.13 -34 152 1.01 0.92  
LS35-500-B 220 -4 0.02 -5 155 1.04 0.94  
LS35-1000-A 176 2 -0.01 2 242 0.81 0.86  
LS35-1000-B 178 -23 0.11 -26 250 0.83 0.89  

HS35 

HS35-250-A 209 -405 1.43 -463 96 1.28 0.99  
HS35-250-B 211 -409 1.44 -468 90 1.20 0.93  
HS35-500-A 300 -376 1.63 -440 150 1.00 0.90  
HS35-500-B 299 -321 1.39 -376 161 1.07 0.97  
HS35-1000-A 267 -329 1.57 -390 182 0.61 0.65  
HS35-1000-B 265 -318 1.52 -377 224 0.75 0.80  

fc’: (N/mm2), ft: (N/mm2), Ec: (kN/mm2), Gf: (N/mm), lch: 
(=EcGf/ft 2)(mm) s,def ( )(-: +: ), c,def: 

(N/mm2) (+: -: ), s0,def: 
(-: +: ) Vc: (kN), c: 

(N/mm2) (=Vc/bd), c,cal: (6.2)  
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defssss

g

gc

c

s
defc

EAP

I
CdA

A
P

,

2

,
)(

1  (6.1) 

 

Ps Ig

LS50 0.09 0.35 N/mm2 HS50

1.01 1.33N/mm2 LS35 -0.01 0.25 N/mm2 HS35 1.39 1.63N/mm2

 

 
6.3.2 RC  
(1) -  

-6.5
4)

 

HS LS

LS HS

 

Vc bd

c  

(2)  

-6.5 -6.6

2 LS HS

( c,HS/ c,LS) d250

d1000 LS HS

d500 ( c,HS/ c,LS) W/B50%

0.86 0.97( 0.92) W/B35% 0.83 1.01( 0.89) HS

17%  
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-6.5 -  
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(3)  

Okamura and Higai5) RC (6.2)
6) 2)   

 

))//(4.175.0(

)100(

)1000/(

2.0

3/1

4/1

3/1'

,

da

p

d

ff

f

a

p

d

cvcd

apdvcdcalc

(6.2) 

 
7) (6.2) c

  

-6.7 c fvcd,exp

(6.2) fvcd

LS HS fvcd,exp (6.3)  

 
 apdcvcdf exp,  (6.3) 

 

fvcd,exp

LS HS HS fvcd,exp

(a)W/B50%                      (b)W/B35% 

-6.8  

0.6
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1.4
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0 250 500 1000

LS50
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d,
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p
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d -1/2.9(R2=0.963)
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1.6

0 250 500 1000

LS35
HS35

d,
ex

p

d mm

d -1/2.2(R2=0.905)

d -1/2.5(R2=0.989)
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LS fvcd,exp HS

 

-6.8 c d,exp

1000mm d,exp

d,exp (6.4)  

 
 apvcdcd fexp, (6.4) 

 

HS LS

d,exp

d LS50 0.26( 1/3.8) (6.2) 1/4

HS50 0.34( 1/2.9) LS35 0.40( 1/2.5) HS35 0.45( 1/2.2)

 

-6.9 c (6.2) c,cal ( c/ c,cal)

s,def

(6.5)  

 
 apdvcdccalcc f,  (6.5) 

 

 

-6.4

0.5
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0.7

0.8

0.9
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1.2

1.3

-500-400-300-200-1000100
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c /
c,

ca
l

0.94+0.0002 s,def 

(R2=0.332)

-6.9  
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100 0.02N/mm2

 

RC

6.3.3 RC

 

 
6.3.3 RC  
(1)  

-6.10
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HS LS

HS LS
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W/B50% 0.26mm W/B35% 0.24mm LS

HS

 

(2)  

-6.12 ( =V/bd) 0.67N/mm2 HS

d1000 (HS50-1000-B HS35-1000-B)

 

6.3.1(2) HS

0.1mm HS

LS

(HS50-1000-B HS-35-1000-B)

W/B50%

W/B35%  
8) RC RC

-6.13

  (a)W/B50%                        (b)W/B35% 

-6.11  
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3) 8)

(39.6 58.6N/mm2) (313 476mm)

(35.1 85.6N/mm2) (271mm 661mm)

-6.12

 

(3)  

-6.14

-6.1

 LS HS

-6.12 ( =0.67N/mm2) 
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d=500mm
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HS50-1000-B
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LS35-500-A

LS35-1000-A
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HS35-500-A

HS35-1000-B

d/2
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LS HS

 

-6.15 HS

LS

 

-6.13  

0

100

200

300

400

500

600

700

800

0 20 40 60 80 100 120 140

LS50
HS50
LS35
HS35

3)( )
8)( )

f'c (N/mm2)

l ch
(m

m
)

0

0.1

0.2

0.3

0.4

0.5

0.6
0 50 100 150 200 250 300

LS50-250-A
HS50-250-A
LS50-500-A
HS50-500-A
LS50-1000-A
HS50-1000-A

kN
0 50 100 150 200 250 300

LS35-250-A
HS35-250-A
LS35-500-A
HS35-500-A
LS35-1000-A
HS35-1000-A

0

0.1

0.2

0.3

0.4

0.5

0.6

kN

  (a)W/B50%                      (b)W/B35%

-6.14



165 
 

 

(4)  

-6.16 -6.1

2 9)

HS LS

  

W/B35%

W/B50% d1000 W/B50%

1.5mm W/B35% 1mm 2/3

LS50  

 
LS50-250-A 

 
LS50-500-A 

 
LS50-1000-A 

HS50  

 
HS50-250-A 

 
HS50-500-A 

 
HS50-1000-B 

LS35  

 
LS35-250-A 

 
LS35-500-A 

 
LS35-1000-A 

HS35  

 
HS35-250-A 

 
HS35-500-A 

 
HS35-1000-B 

 

d=250mm 

d=500mm 

d=1000mm 

d=250mm 
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