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3 4( ) ltc s sv1

 

s sv1,max =
8 S1

3psv twltc
 (17) 

S2 ltc 2

S js

s sv2  

s sv2,max = av + ltc 4( )  (18) 

 

av =
2 S2

psv twltc
=

12

ltc
1

4 xos2

ltc

 

 
 

 

 
 av  

xos2 =
xos ltc 4 t

1 1 t
xos =

1

2
ltc js( )  

S s sv  

s sv =s sv1+s sv2  (19) 

 

s sv,max =s sv1,max + s sv2,max  (20) 

t < 1

s sv2 = 0 s sv2,max = 0  

s  sv

 

s  sv = s sv  (21) 

 

N N  

N = N psv tw  l w  (22) 

B sv  

B sv =c  sv +c sv +s sv +s  sv + N  (23) 

B sv,max t 1

t < 1 t

B sv,max

B sv,max =

s sv,max +c sv,max + N t 1[ ]
10 t 4

3 t
c sv,max + N

4

5
< t < 1

 

 
 

 

 
 

15 t 8

3 t
c sv,max + N

2

3
< t

4

5

 

 
 

 

 
 

c sv,max + N t
2

3

 

 
 

 

 
 

 

 

 
 
 
 

 

 
 
 
 

 (24) 

B sv,max = sy M t
*

M M t
* M t = M t

*
M < M t

*

M t = M

sh B sv,max = sy

 

M a

M a  

M =
1

psv

M a

I
x

 l w
2

 

 
 

 

 
  (25) 

I x  

sva  

sva = sy B sv M  (26) 

x

Vai  

Vai = sva psv tw x  (27) 

Qai  

Qai = Vai tan ai  (28) 

tan ai = li 0.05  l w( ) h  (29) 

  t

c sv,max

-c sv,maxc sv

ltc 4
3

c sv

Cv

Cv
S

S

s sv,max

-s sv,max

s sv

s sv
(=-s sv)

  t

c sv,max

c sv

ltc 4
3

c sv

-c sv,max

Cv

Cv

S

S

s sv,max

-s sv,max

s sv

s sv
(=-s sv)

xos

  

1S

s sv1,max
s sv1

xos1

ltc 
4
3

2S
s sv2

xos2

s sv2,max

ltc 
2

 

 t 1  

-429-



Qa  

Qa = Qai  (30) 

Cai 0.05  l w

 

M u = 0.5psv tw  l w sy l + 0.5N l + M  (31) 

l = 0.9  l w  

(32)

 

t + a = B  (32) 

B t

a

lsc

t

C lsc

C  

t = C twlsc cos  (33) 
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 l w ltc 4 lsc =1 
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Cai = Vai cos ai  (34) 
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h [mm] h w[mm] N[kN] [mm] [mm]

No.31 1350 1200 150 85.2 180 50

No.32 1350 1200 150 85.2 85 50

No.33 1350 1200 100 85.2 180 50

No.34 1350 1200 100 85.2 85 50

No.35 1750 1600 150 85.2 180 50

No.36 1750 1600 100 85.2 180 50  
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R 1000 1 2 4 6 10 15rad

1000 1rad V j

 

No.31

No.32

No.33

No.34
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No.36

 

Q R

No.31 No.35 3 R=4 10-3rad
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Qmax Qb1

Q p

 l w 1200mm

Qb1 (31) Qb1 = M u h

Q p lsc

 l w 3  l w 24

 

Qmax Qb1 No.36 0.97 0.93

Qmax

Qb1 Qmax Q p

Qmax Qp 1.03 1.17 1.10

Qp Qb1 1.0

 

(a) (d)

Qmax Qp 1.02 1.19 1.08

Qmax Qp 1.06 1.16 1.12

Qp Qb1

(c) No.15

Qp Qb1 0.98

1.0

sh sy = 0.77 (a)

(b) (d) Qp Qb1

 

 

 

 

1) 

PCa 

Vol.30 No.3 pp.445

450 2008.7 

2) 

PCa

Vol.28 No.2

pp.433 438 2006.7 

3) 

PCa 

Vol.29 No.3 pp.349

354 2007.7 

4) 

p.10 15 2  

5) 

1999 

 

h t w p sh p sv M N Q max Q b1 Q p Q max Q max Q p sh

mm (mm) (%) (%) (kNm) (kN) (kN)  (kN) (kN) Q b1 Q p Q b1 sy

No.31 1350 48 0.39 1.27 198 85.2 227 297 202 0.76 1.12 0.68 1.00
No.32 1350 45 0.81 1.34 198 85.2 257 297 219 0.86 1.17 0.74 1.00
No.33 1350 51 0.36 1.19 132 85.2 220 249 206 0.89 1.07 0.83 1.00
No.34 1350 46 0.81 1.33 132 85.2 230 249 208 0.93 1.10 0.84 1.00
No.35 1750 47 0.38 1.29 198 85.2 179 229 173 0.78 1.03 0.75 1.00
No.36 1750 48 0.37 1.26 132 85.2 186 192 165 0.97 1.12 0.86 1.00

No.11 1050 56 0.50 0.66 108 180 272 284 255 0.96 1.07 0.90 1.00

No.12 1050 57 0.50 0.65 72 120 220 219 216 1.01 1.02 0.99 1.00

No.2 1050 49 0.58 0.75 35 59 162 145 146 1.12 1.11 1.00 0.69

No.3 1050 47 0.60 0.79 17 29 132 113 113 1.17 1.16 1.00 0.48

No.13 1050 53 0.73 1.15 108 180 312 341 263 0.92 1.19 0.77 1.00

No.5 1050 50 0.77 1.22 71 119 257 263 236 0.98 1.09 0.90 0.95

No.6 1050 47 0.82 1.29 0 0 153 133 134 1.15 1.14 1.00 0.32

No.14 1050 52 0.40 0.71 72 120 218 219 210 1.00 1.04 0.96 1.00

No.12 1050 57 0.50 0.65 72 120 220 219 216 1.01 1.02 0.99 1.00

No.15 1050 54 0.72 0.69 72 120 227 219 214 1.04 1.06 0.98 0.77

No.16 1050 50 0.43 1.22 0 0 155 146 145 1.07 1.07 1.00 0.60

No.4 1050 48 0.59 1.27 0 0 153 133 134 1.15 1.14 1.00 0.45

No.6 1050 47 0.82 1.29 0 0 153 133 134 1.15 1.14 1.00 0.32  
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