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(1)  

(2)  

(3)  

(4)  

  

(5)  

(1)  

(2)  

(3)  

(4)  

(5)  



 
 

 

  

  

 

 

  

 

 

  

     

   

E N/mm2  
 

 

 

kN/m3  

     2.05×105 0.3 77.0 
  2.44×104 0.2 24.0 

 

 N/mm2  

30 
  

      

10.0  0.790 20.0  1.185 
 

 N/mm2  

  
  

    

SD345 
D29  215 

195 345 345 
D29  195 

SD390 
D29  215 

195 390 390 
D29  195 

 

 N/mm2  

    

T 40mm SS400 SN400B 235 

 

T 40mm SN400B 215 
T 40mm SM490A SN490B 325 
T 40mm SM520B 355 

  



 
 

 

  

 kN/m2  

=2300*1 
  

      

 766  153 1533  306 
 750  114 1502  229 

 

2 25  

 

  kN/m2  

   

 1960 3920 

 

 

 

 

 

 

 



 
 

 

  

 

 

VL  

 

 

CL  

 

 

  

 1666 kN         

 1010 kN         

 980 kN         

 

SL  

 

 

30cm 20N/m2/cm 
 

WL  

30m/s
 

 

  

*  
 

 
  

  

H 
(m) 

Er Gf E Vo 
(m/s) 

q 
(N/m2) 

52.73 1.28 2.00 3.28 30 1769 

 

 

 

 



 
 

 

 

 

 

Qi=n Ci Wi 
Ci=Z Rt Ai Co 

 

 

 Qi kN  

 n n=1.5  

1.5  

 Ci  

 Wi kN  

 Z Z=1.0  

 Rt Rt=1.0  

 Ai   

 

 C0 C0=0.2  

 

  

 
  Wi Ai Ci Qi 

(kN) 

G.L. (m) (kN) (kN) NS 
 

EW 
 

NS 
 

EW 
 

NS 
 

EW 
 

R +51.42 10569        

6 +40.72 +51.42 13780 10569 1.443 1.477 0.433 0.443 4576 4683 

5 +33.42 +40.72 5195 24349 1.302 1.328 0.391 0.398 9514 9702 

4 +29.92 +33.46 9019 29544 1.254 1.272 0.376 0.382 11118 11271 

3 +22.46 +29.92 5782 38563 1.183 1.187 0.355 0.356 13685 13730 

2 +11.50 +22.46 6390 44345 1.113 1.114 0.334 0.334 14807 14818 

1 +2.50 +11.50  50735 1.000 1.000 0.300 0.300 15221 15221 
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 C VL+CL*1  

 S VL+CL*1+SL 

 

 W VL+CL*1+WL 

 

E1 VL+CL*1+K( NS)*2 

E2 VL+CL*1+K( NS)*2 

E3 VL+CL*1+K( EW)*2 

E4 VL+CL*1+K( EW)*2 

*1  
 

*2   

*3  

 
 

C  

B  

A  25
,5

00
 

25
,5

00
 

25
,5

00
 

14,750 14,750 15,000 15,000 
59,500 
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 B 3000 3000 25 25 
 B 3000 3000 28 28 
 B 3000 3000 22 22 
 B 3000 3000 19 19 
 B 2500 3000 25 25 
 B 2500 3000 22 22 
 B 2000 3000 22 22 
 B 2000 3000 19 19 
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   bz Mz Zz  
Mz Zz z  
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My Zy y  
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    z z Qz Awz  

Q Awz z  
   y y Qy Awy  

Qy Awy y  

1
ff b

bybz

c

c

1
f t

bybzc

1
3)( 22

t

zbybzc

f
1

3)( 22

t

ybybzc

f



 
 

 

 

 

 

  

  
 

 
(mm) 

 
( )*1 

 
 

(N/mm2) 

 
 

(N/mm2) 
  

 1  
3-B 

B -3000 3000 
28 28 

C 
(A) 

Mz 37.3 216.7 

0.52 OK 

My 8.4 216.7 

N 65.1 213.6 

Qz 0.8 125.1 

Qy 8.9 125.1 

 5  
2-3/B 

B -3000 3000 
28 28 

C 
(A) 

Mz 93.0 216.7 

0.55 OK 

My 0.4 216.7 

N 19.2 214.1 

Qz 0.4 125.1 

Qy 20.1 125.1 
*1  

 
  

  
 

 
(mm) 

 
( )*1 

 
 

(N/mm2) 

 
 

(N/mm2) 
  

 1  
3-B 

B -3000 3000 
28 28 

E3 
(A) 

Mz 160.6 325.0 

0.86 OK 

My 31.9 325.0 

N 79.5 320.4 

Qz 7.9 187.6 

Qy 37.1 187.6 

 5  
2-3/B 

B -3000 3000 
28 28 

E3 
(A) 

Mz 93.1 325.0 

0.55 OK 

My 58.9 325.0 

N 20.0 321.1 

Qz 8.3 187.6 

Qy 20.5 187.6 
*1  
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A=1273m2 Z=8062m3

 

  W=WB+WK=607373kN 
 M=MB=666480kNm 
 qr W/A+ M/Z=560kN/m2 

 
qr Lfsc

 
qr 560kN/m2  LfSC = 750kN/m2 

 
 

qr Lqa

 

 qr 560kN/m2 
 Lqa=1960 kN/m2 

 

qr = 560kN/m2  Lqa=1960 kN/m2 

 

 

 



 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   WBS  

   WKS  

   HBS  

   MBS  

   HKS 0.15  

   PAHS  

PPHS  

   FRS  

 

  

 

 
 
 
 
 
 
 
 
 
 
 

 

 
 

  

 

  

 



 
 

 

 A=1273m2 Z=8062m3

q1S max  
   W=WBS+WKS=607373kN 
   H= HBS+HKS+PAHS +PPHS =94687kN 

  M=MBS+MKS+MAHS+MPHS=1944139kNm 
 MKS  

MAHS  
MPHS  

  q1S = W/A+ M/Z=719kN/m2 
 max=1.2 H/A=90kN/m2 

 
q1S max sfsc sfss

 
q1S = 719kN/m2  SfSC = 1502 kN/m2 

max=90kN/m2  SfSS = 229 kN/m2 
 

 

q1S Sqa

 

 q1S = 719kN/m2 
 Sqa = 3920 kN/m2 

 

q1S = 719kN/m2  Sqa = 3920 kN/m2 

 
 



 
 

 

  
  

   
 

  

 

 

  
*  

   

H 
(m) 

Er Vo 
(m/s) 

q 
(N/m2) 

52.73 1.28 30 885 

 

 

  
* 

H 
m  

  

     

52.73 -2.5 -3.2 -4.3 -2.11 -2.62 

 

 

 

 

 

 

                                                                                                                             

 

 

 

 

 

  

H  
a' H 2

 
 

 

 

  

 

 

 

 



 
 

 

  

 

 

 

 
 

  
  

 

 

 

 

 

 
 

  

 
 

 

 
  

E 
(N/mm2) 

G 
(N/mm2) 

As 
(mm2)  fb 

(N/mm2) 
Z 

(mm3) 
G 

(N/mm2) 
A 

(mm2)  

2.06×105 7.92×104 210.7 0.022 59.8 26.3×103 3.92 4.40×104 1.2 

 
 

M  w L2 8 (0.885 4.3)×1.82 8  1.542 kNm 
b  M Z 1.542×106 26.3×103  58.7 N/mm2 

 
 

 

 

M Q  

*  

 

  M+ Q  0.220  0.302  0.522 cm 

 

 

 

 

OK0.1982.0
8.59
7.58

fb

b

OK
300
1

344
1

180
522.0

L



 
 

 

  

 

 
  

  
 

 

 

 

 

 
 

 

 
  

E 
(N/mm2) 

G 
(N/mm2) 

fb 

 (N/mm2) 
Z 

(mm3) 
G 

(N/mm2) 
A 

(mm2)  

2.06×105 7.92×104 58.8 17.0 103 4.90 35000 1.2 

 
 

 
M  w L2 8  (0.885 2.62)×1.22 8  0.418 kNm 

b  M Z  0.418×106 17.0×103  24.6 N/mm2 

 
 

 

 

M Q

*  

   

  M+ Q 0.075  0.293  0.368 cm 
 

 

 

 
 

OK0.1419.0
8.58
6.24

fb

b

OK
300
1
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1

120
368.0

L
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 mm  

  

 

 

 



 
 

 

  

  
 

E(N/mm2) 
 

 

 

kN/m3  

 

h  
 

 
 2.05×105 0.3 77.0 2 SM490A 

  2.44×104 0.2 24.0 5 
30(N/mm2) 

 

 

 

  

  (kN)    (kN) 

R 

61 1129  

 4 

33 2235  
62 1221  34 2135  
63 1225  35 374  
64 1200  38 2176  
65 502  39 1726  
66 1132  40 374  
67 1225  

 3 

23 897  
68 1229  24 1647  
69 1202  25 635  
70 503  28 819  

6 

51 2152  29 1178  
52 1894  30 607  
53 1094  

 2 

13 1044  
54 1567  14 1722  
55 718  15 700  
56 1629  18 920  
57 1538  19 1315  
58 1094  20 689  
59 1375  

 1 

3 26894  
60 718  4 41540  

5 

41 393  5 21558  
42 600  8 26896  
43 657  9 41034  
44 598  10 21268  
45 321  77 0  
46 377     229924 
47 605      

48 700      

49 622      

50 321     

  



 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 Mu  

   

 

 

 Afy d t1   Afz=b t2 
 Awy=2 (b 2 t1) t2  Awz=2 (d 2 t2) t1 
 A=b d (b 2 t1) (d 2 t2) y  

 

 

u  

 

 

 

Afy d t1   Afz=b t2 
 Awy=2 (b 2 t1) t2  Awz=2 (d 2 t2) t1 
 A=b d (b 2 t1) (d 2 t2) y  

 

 

 

 

 

 

 

  

  

t1 

t2 

b 

d 

Mu 

Mu  

KE KE 

KE =1/1000 

y1wyy1fyuy 2tbA
4
1tbAM y2wzy2fzuz 2tdA

4
1tdAM

ywzuy A
3

1Q ywyuz A
3

1Q



 
 

 

 

  

*  *  
Vs 

(m/s) 
 

(kN/m3) 
 

 
G0 

(×105kN/m2) 

800 17.7 0.31 11.52 
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