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10-1-2-3   )  ( 

10-1-2-3-1-   

 10-4 
n

1i si

i
G V

H4T 

GT :   )s( 
iH :  i  )m( 

siV :     i  (m/s) 
 10-5-      

H/V 
H.V  

V  
  

 
  

0.00495 50.55 101.1 0.5 sand 1 
0.02044 383.6 137 2.8 sand 2 
0.01319 273.6 144 1.9 clay 3 
0.01919 567.6 172 3.3 sand 4 
0.09683 1537.2 126 12.2 clay 5 
0.02186 732 183 4 sand 6 
0.17646 3544.55  24.7   
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5.143
H

V.H
V S

S 
 s706.017646.04TG 

Ts  :    
 10-5 )s(883.0706.025.1T25.1T Gs 

10-1-2-3-2-    
            25.02        140m/s   

    2800      IV    25.23  . 
      2       I  2/1         

         5/1 . 
     3-4     . 

)s/cm(100Sv 
 10-4      . 
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 10-5-   

10-1-2-3-4     

 
 10-6-    
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 )   V-3-3-4 )1((                                                                 
H2
zcosTS2)z(U sv2h 

)z(Uh :     )m( Z 

vS :   (0.9 (m/s)) 
sT :    (0.68 (s)) 

H :   (24.7(m)) 
 

 10-6-      

 
Uh(z) 

)cm( 

 h 
)m ( 

 

17.911 0  
17.761 2.041 1 
17.758 2.05943 2 
17.750 2.11348 3 
17.737 2.19946 4 
17.718 2.3115 5 
17.696 2.44198 6 
17.671 2.582 7 
17.644 2.72202 8 
17.618 2.8525 9 
17.594 2.9654 10 
17.576 3.05052 11 
17.564 3.10457 12 
17.560 3.123 13 
0.014 24.7  

 

10-1-2-3-5    

10-1-2-3-5-1     

)   V-4-2-4-2 )1((                                                                  43h
hoh )

3.0
B

(kk 

hk :    (kN/m3) 
0hk :               cm  30  

   V-4-2-4-2 )2(              0ho E
3.0

1k 

 :         
0E :               : 
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 10-7-      

    
  

      

1                 cm 30 
4          
4          
1      N2800E0    N SPT 

 
hB :   )m( 

hh AB 
hA :   )m2( 

  ×2/ )  +  ( = hA 
 : 

1, 0.5N 
3

0h mkN46667N2800
3.0

1k 

)m(6219.1430.2
2

164.1000.1Bh  

3
43

h mkN13168
3.0

621.146667k 

10-1-2-3-5-2     

 10-6 hs k3.0k 

sk :   (kN/m3) 
hk :    (kN/m3) )(kN/m3)13168( 

 
 3

s mkN3950131683.0k 
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10-1-2-3-6          

 
 10-7-       

    )   (        . 
msinU=    

 mcosU=    
             : 

 10-7 sinUkq hk 

 10-8 cosUkq sj 

kq :      
jq :      

hk :      )(kN/m3)13168( 
sk :   )(kN/m3)3950( 

U :   )m( 

)z(U)z(UU 0hh 
)z(Uh :     )m( 

)z(U 0h :     )m( 

 :       )( 
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 10-8-      

     
ks 

(kN/m2) 

   
 

Kh(kN/m2)

 
 

)cm ( 

 
Uh(z) 

)cm ( 

 z 
)m ( 

 )
( 

 
 

 
qj(kN/

m2) 

 
qk(kN/

m2) 
7.954 0.000 3950 13168 0.2014 14.181 2.04 0 1 

7.574 6.762 3950 13168 0.1985 14.178 2.059
43 15 2 

6.513 12.528 3950 13168 0.1904 14.172 2.113
48 30 3 

4.945 16.473 3950 13168 0.1770 14.161 2.199
46 45 4 

3.138 18.099 3950 13168 0.1588 14.147 2.311
5 60 5 

1.398 17.347 3950 13168 0.1364 14.129 2.441
98 75 6 

0.003 14.624 3950 13168 0.1111 14.109 2.582 90 7 

-0.859 10.727 3950 13168 0.0843 14.087 2.722
02 105 8 

-1.146 6.634 3950 13168 0.0581 14.066 2.852
5 120 9 

-0.968 3.234 3950 13168 0.0347 14.048 2.964
52 135 10 

-0.550 1.062 3950 13168 0.0161 14.033 3.050
52 150 11 

-0.157 0.141 3950 13168 0.0041 14.023 3.104
57 165 12 

0.000 0.000 3950 13168 0.0000 14.020 3.123 180 13 

-0.157 -0.140 3950 13168 0.0041 14.023 3.104
57 195 14 

-0.551 -1.056 3950 13168 0.0161 14.033 3.050
52 210 15 

-0.971 -3.223 3950 13168 0.0347 14.048 2.964
54 225 16 

-1.152 -6.621 3950 13168 0.0581 14.066 2.852
5 240 17 

-0.869 -10.718 3950 13168 0.0843 14.087 2.722
02 255 18 

-0.010 -14.624 3950 13168 0.1111 14.109 2.582 270 19 

1.381 -17.361 3950 13168 0.1364 14.129 2.441
98 285 20 

3.121 -18.133 3950 13168 0.1588 14.147 2.311
5 300 21 

4.930 -16.525 3950 13168 0.1770 14.161 2.199
46 315 22 

6.501 -12.597 3950 13168 0.1904 14.172 2.113
48 330 23 

7.567 -6.842 3950 13168 0.1985 14.178 2.059
43 345 24 
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10-1-2-4    

10-1-2-4-1     + 

 
 10-8-   

 
 10-9-     

  
M(kNm) 

  
Q(kN) 

  
N(kN) 

45/1 59/7 85/21 
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 10-9-      SAP 
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 10-10-    

  
P(kN) 

  
Q(kN) 

  
M(kN/m) 

  

-9.97 -8.74 -1.53 6.56 1.00 0.90 2 1 a 
-8.84 -9.70 0.47 8.11 0.90 0.52 3 2 b 

-10.02 -12.88 1.81 8.54 0.52 -0.13 4 3 c 
-13.33 -18.01 1.76 5.17 -0.13 -0.92 5 4 d 
-18.32 -19.69 -0.96 2.12 -0.92 -1.44 6 5 e 
-19.08 -21.26 3.28 0.72 -1.44 -1.53 7 6 f 
-19.92 -22.84 5.44 3.58 1.53 1.23 8 7 g 
-20.88 -24.42 7.70 3.53 1.23 0.54 9 8 h 
-21.91 -21.73 6.20 2.06 0.54 -0.32 10 9 i 
-19.61 -20.61 3.92 0.15 -0.32 -0.94 11 10 j 
-19.23 -21.33 1.92 -1.18 -0.94 -1.25 12 11 k 
-20.75 -23.80 1.18 -1.92 -1.25 -1.31 13 12 l 
-23.80 -20.75 -0.15 -3.92 -1.31 -1.25 14 13 m 
-21.33 -19.23 -2.06 -6.20 -1.25 -0.94 15 14 n 
-20.61 -19.61 -3.53 -7.70 -0.94 -0.32 16 15 o 
-21.73 -21.91 -3.58 -5.44 -0.32 0.54 17 16 p 
-24.42 -20.88 -0.72 -3.28 0.54 1.23 18 17 q 
-22.84 -19.92 -2.12 0.96 1.23 1.53 19 18 r 
-21.26 -19.08 -5.17 -1.76 -1.53 -1.44 20 19 s 
-19.69 -18.32 -8.54 -1.81 -1.44 -0.92 21 20 t 
-18.01 -13.33 -8.11 -0.47 -0.92 -0.14 22 21 u 
-12.88 -10.02 -6.56 1.53 -0.14 0.52 23 22 v 
-9.70 -8.84 -4.70 3.34 0.52 0.90 24 23 w 
-8.74 -9.97 -1.53 6.56 0.90 1.00 1 24 z 
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 10-11-    

°  (mm) (mm) 
0.004 0.027 0.063 1 
0.004 0.024 0.034 2 
0.004 0.023 0.037 3 
-0.001 0.002 0.023 4 
-0.004 -0.018 0.028 5 
-0.007 -0.039 0.027 6 
-0.008 -0.049 0.016 7 
-0.008 -0.045 -0.004 8 
-0.006 -0.030 -0.023 9 
-0.001 -0.020 0.045 10 
-0.004 -0.036 0.031 11 
0.003 0.009 -0.058 12 
-0.008 -0.059 0.004 13 
0.004 0.001 0.045 14 
0.002 -0.006 0.021 15 
-0.001 -0.011 -0.004 16 
-0.004 -0.018 -0.015 17 
-0.007 -0.035 -0.007 18 
-0.008 -0.073 0.016 19 
0.004 0.016 0.027 20 
0.002 0.013 -0.010 21 
-0.001 0.011 -0.025 22 
-0.004 0.000 -0.018 23 
-0.007 -0.026 0.005 24 

 

 

10-1-2-4-2         

 
 10-10-     

 



 

  

 

 

   161

 10-12-          

  
M(kNm) 

  
Q(kN) 

  
N(kN) 

49/0 85/1 83/2 

 

 
 10-11-    
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 10-13-    

  
P(kN) 

  
Q(kN) 

  
M(kN/m) 

  

1.508 1.508 -3.44 -3.44 1.14E-13 0.5227 2 1 a 
4.159 4.159 -2.274 -2.274 0.5227 0.8682 3 2 b 
5.832 5.832 -0.307 -0.307 0.8682 0.9149 4 3 c 
6.219 6.219 1.864 1.864 0.9149 0.6317 5 4 d 
5.141 5.141 3.033 3.033 0.6317 0.1709 6 5 e 
3.505 3.505 3.013 3.013 0.1709 -0.2869 7 6 f 
1.966 1.966 -2.385 -2.385 0.2869 0.6492 8 7 g 
0.735 0.735 -1.329 -1.329 0.6492 0.8512 9 8 h 

-0.051 -0.051 -0.06 -0.06 0.8512 0.8602 10 9 i 
-0.397 -0.397 1.128 1.128 0.8602 0.6889 11 10 j 
-0.391 -0.391 2.026 2.026 0.6889 0.3811 12 11 k 
-0.157 -0.157 2.508 2.508 0.3811 7.66E-14 13 12 l 
0.157 0.157 2.508 2.508 1.71E-13 -0.3811 14 13 m 
0.391 0.391 2.026 2.026 -0.3811 -0.6889 15 14 n 
0.397 0.397 1.128 1.128 -0.6889 -0.8602 16 15 o 
0.051 0.051 -0.06 -0.06 -0.8602 -0.8512 17 16 p 

-0.735 -0.735 -1.329 -1.329 -0.8512 -0.6492 18 17 q 
-1.966 -1.966 -2.385 -2.385 -0.6492 -0.2869 19 18 r 
-3.505 -3.505 3.013 3.013 0.2869 -0.1709 20 19 s 
-5.141 -5.141 3.033 3.033 -0.1709 -0.6317 21 20 t 
-6.219 -6.219 1.864 1.864 -0.6317 -0.9149 22 21 u 
-5.832 -5.832 -0.307 -0.307 -0.9149 -0.8682 23 22 v 
-4.159 -4.159 -2.274 -2.274 -0.8682 -0.5227 24 23 w 
-1.508 -1.508 -3.44 -3.44 -0.5227 2.09E-13 1 24 z 
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 10-14-    

 
)°( 

  
(mm)

 
(mm)

 

0.009 0.192 0.063 1 
0.007 0.187 0.004 2 
0.007 0.180 0.000 3 
-0.005 0.152 0.049 4 
-0.012 0.105 0.099 5 
-0.019 0.051 0.123 6 
-0.022 0.018 0.110 7 
-0.019 0.019 0.071 8 
-0.012 0.038 0.029 9 
-0.005 0.036 0.054 10 
-0.012 0.005 0.048 11 
0.002 0.039 -0.045 12 
-0.022 -0.062 0.030 13 
0.007 0.028 0.047 14 
0.003 0.025 0.011 15 
-0.005 0.024 -0.020 16 
-0.012 0.013 -0.018 17 
-0.019 -0.037 0.030 18 
-0.022 -0.143 0.111 19 
0.007 0.126 0.044 20 
0.003 0.137 -0.022 21 
-0.005 0.140 -0.025 22 
-0.012 0.113 0.033 23 
-0.019 0.038 0.120 24 
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10-1-2-4-3      )   +   ( 

 
 10-15-        

  
M(kNm) 

  
Q(kN) 

  
N(kN) 

2 03/10 8/23 
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 10-12-    
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 10-16-    

  
P(kN) 

  
Q(kN) 

  
M(kN/m)   

-9.966 -8.738 -3.339 4.696 1.001 0.898 2 1 a 
-8.841 -9.697 -1.531 6.562 0.898 0.516 3 2 b 

-10.018 -12.88 0.466 8.109 0.516 -0.135 4 3 c 
-13.332 -18.008 1.813 8.541 -0.135 -0.920 5 4 d 
-18.322 -19.687 1.762 5.166 -0.920 -1.445 6 5 e 
-19.082 -21.262 -0.956 2.124 -1.445 -1.532 7 6 f 
-19.915 -22.838 3.281 0.718 1.532 1.226 8 7 g 
-20.877 -24.42 5.436 3.581 1.226 0.539 9 8 h 
-21.906 -21.731 7.703 3.532 0.539 -0.315 10 9 i 
-19.612 -20.608 6.2 2.06 -0.315 -0.944 11 10 j 
-19.229 -21.333 3.919 0.149 -0.944 -1.253 12 11 k 
-20.754 -23.801 1.92 -1.182 -1.253 -1.309 13 12 l 
-23.801 -20.754 1.182 -1.92 -1.309 -1.253 14 13 m 
-21.333 -19.229 -0.149 -3.919 -1.253 -0.944 15 14 n 
-20.608 -19.612 -2.06 -6.2 -0.944 -0.315 16 15 o 
-21.731 -21.906 -3.532 -7.703 -0.315 0.539 17 16 p 

-24.42 -20.877 -3.581 -5.436 0.539 1.226 18 17 q 
-22.838 -19.915 -0.718 -3.281 1.226 1.532 19 18 r 
-21.263 -19.083 -2.124 0.957 -1.532 -1.445 20 19 s 
-19.687 -18.322 -5.166 -1.762 -1.445 -0.920 21 20 t 
-18.009 -13.332 -8.541 -1.813 -0.920 -0.135 22 21 u 

-12.88 -10.018 -8.109 -0.467 -0.135 0.516 23 22 v 
-9.697 -8.841 -6.563 1.531 0.516 0.898 24 23 w 
-8.738 -9.966 -4.696 3.339 0.898 1.001 1 24 z 
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 10-17-     

)°(  (mm) (mm) 
0.013 0.219 0.126 1 
0.011 0.211 0.038 2 
0.011 0.203 0.037 3 
-0.005 0.153 0.072 4 
-0.016 0.087 0.127 5 
-0.026 0.013 0.150 6 
-0.030 -0.031 0.126 7 
-0.027 -0.026 0.068 8 
-0.018 0.008 0.005 9 
-0.005 0.016 0.099 10 
-0.016 -0.031 0.079 11 
0.005 0.048 -0.103 12 
-0.030 -0.121 0.034 13 
0.011 0.029 0.092 14 
0.005 0.019 0.032 15 
-0.005 0.013 -0.024 16 
-0.016 -0.005 -0.033 17 
-0.026 -0.072 0.023 18 
-0.030 -0.216 0.127 19 
0.011 0.141 0.071 20 
0.005 0.150 -0.032 21 
-0.005 0.151 -0.050 22 
-0.016 0.113 0.016 23 
-0.026 0.012 0.125 24 

10-1-2-5      

       : 
Wr165.0rP25.0M BB 

BM :  (kNm) 
BP :  (kN/m) 
r : ) ( )(m)0,541( 

W :  )(kN/m)690/6( 
 10-18-   

  
  

BP (kN/m) 
  

BM (kNm) 
-1 9/61 969/8 
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-2 0/108 204/15 
 

10-1-2-6    

    0.1Fs   . 
 

 10-19-   

  
  

BM (kNm) 
  

M (kNm) 
  

M/MB 
 

-1 696/8 2 348/4 OK 
-2 204/15 2 602/7 OK 

 

10-1-3        

10-1-3-1    

 10-1-3-1 )1 (  10-1-3-1 )1 (      . 
 

 10-20-    

  RC precast concrete pipe 
for sewage (B-type) 

  1000 
  D  (mm) 1000 
 T  (mm) 82 

    (mm) 2430 

      0 `2045 

      0  (cm) 6/5 

GL    (m) 00,0 

     h (m)282/3 

  H (m)2,00 

      BSV (m/s)300 
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 10-13-    

10-1-3-2      

                . 

 
 10-14-   

 

 10-9 )
h
U(tan 1 

10hh UU)h(U)0(UU 
 :       )( 

)z(Uh :   
vS :   )(m/s)1( 
sT :    )(s)883/0( 

H :   )(m)7/24( 
     

m178.0
7.242

0cos883.012)0(U 2h 
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       )    (m) 282/3=h( 

m175.0
7.242

282.3cos883.012)282.3(U 2h 

)m(003.0175.0178.0)282.3(U)0(UU hh 
: 

 730(deg)052.0)rad(00091.0)
282.3
003.0(tan 1 

10-1-3-3    

10-1-3-3-1      

 10-10 
S

DS T
H4V 

DSV :     )m/s( 

H :  )m( 

sT :    ))s( 883/0( 

 10-11 )s/m(89.111
883.0

7.244VDS 

10-1-3-3-2       

 10-12 21

21

LL
LL2

L , DSs1 VTL , 

BSs2 VTL 

L :    )m( 

DSV :     )(m/s) 14/140( 
BSV :      )(m/s)300( 
 : 

)m(8.9889.111883.0L1 
 )m(9.264300883.0L2 

: 

)m(1.144
9.2648.98

9.2648.982L 
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10-1-3-3-3        

          : 
(m)582/2  =2/1+082/0 + 000/2=  2/   +  +   =z 

      : 

)m(176.0)
7.242

582.2cos(883.012)582.2(U 2h 

10-1-3-3-4         

 10-13 )z(U
L hgd 

gd :       
L :  ))m(125/133( 

 

00387.0176.0
1.144gd 

10-1-3-3-5          

 10-14 gd 

 :         )cm( 
gd:         )00387/0( 

 :   ))m( 430/2( 

 
 )cm(94.0)m(0094.0430.200387.0 

10-1-3-4    

 
 10-21-   

    
 

1000 (mm)
 

  "7'30 '452 OK 
    0.94cm 5.6cm OK 
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10-1-4       

10-1-4-1    

  10-22   10-15       . 
 10-22-    

RC       )-B(   

1000   

 (mm) 1000   D 

 (mm) 82  T 

 (mm) 2430    

 45 20      0 

 )cm (6/5     0 

 )m (0,00    GL 
)m(30,00       L 

)m (2,00   H 

)m/s(300       BSV 

)m (165/0    h 

30 )(      

 

 
 10-15-    

 

10-1-4-2             

                     
             . 
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10-1-4-2-1         

 10-15 
2
DS

h

2

s V
)z(U

T
2 

 :        )( 
sT :    ))s(883/0( 
)z(Uh:       ))m(14122/0( 

DSV :     ))m(891/111( 

 :   ))m(43/2( 
: 

"57'50(deg)099.0)rad(00173.043.2
891.111
176.0

883.0
2

2

2

 

10-1-4-2-2-          )  10-1-3-3-5( 
 

 10-16 gd 

 :         )cm( 
gd :        )003083/0( 

 :   ))m(430/2( 
 

)cm(94.0)m(0094.0430.200387.0 
 

10-1-4-3            

                        .  
              .           

    .    3/3 )m(        . 
      =     *  )(  

  
)m(165.005.030.3h 

                 PGD   . 
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10-1-4-3-1       

 10-17 2
1

L
h4tan2 

:      )( 
h :  ))m(165/0( 
L:      ))m(30,00( 

 :   ))m(43/2( 

 

"14'120(deg)204.0)rad(00356.043.2
0.30
165.04tan2 2

1 

10-1-4-3-2        

 10-18 1

2
1ncos

1
maxs 

maxs :       )cm( 

 :      )) (00356/0( 
n :        

346.1243.2/0.30/Ln 
: 

)cm(0554.0)m(000554.043.2
00356.0

2
113cos

43.2
maxs 

10-1-4-4          

                   . 

10-1-4-4-1    
       GT     . 
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 10-23-        

     )s(TG 
- I 2.0TG 
- II 6.0T2.0 G 
- III 

GT6.0 
 

     )s(706.0TG  ) .  10-1-2-3-1  (.     
III-   . 

10-1-4-4-2     
        MCE          : 

 10-19 )z015.01(KK hfh0 

h0K:      MCE     
hfK :     MCE      

        6/0       - III    . 
 

 10-24-     

   - I   - II  - III 

   8/0 6/0 6/0 
  2/1 9/0 9/0 

 
z :         ) .m( )   )z015.01(5.0 ( 

     582/2   ) .10-1-3-3-3 ( 
577.0)582.2015.01(600.0k h0 

   HK:        

304.05.125.225.02.113.0K
3.0K

H

3210H 

10-1-4-4-3        

    )m(176.0)582.2(U 
 



 

 

 

       176

10-1-4-4-4             

 10-20 )z(U
L h1G 

1g :          
L :  ))m(1/144( 

 

003837.0176.0
1.1441G 

10-1-4-4-5            

                    : 

 10-21 
H2
zcostan

V
k

DS

h0
3G 

 3G :       ) 535.03G( 
 

10-1-4-4-6         

 10-22 2
3G

2
1G2G 

 
00519.00035.0003837.0 22

2G 

10-1-4-4-7           

 10-23 2G 

 :         )cm( 

 

)cm(262.1)m(01262.0430.200519.0
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10-1-4-5    
 10-25-   

     

)1000 (mm)( 
 

       "7'30 '452 OK 
        0.94cm 5.6cm OK 

     "14'120 '452 OK 
      0.0554cm 5.6cm OK 

          1.262cm 5.6cm OK 
 

10-2     

10-2-1   
         RC               

 .   25      . 

10-2-2   

10-2-2-1    

 10-2-2-1       . 

 
 10-16-    

)1(   :      RC     
)2(  :    
)3(   :25  
)4(   :5/1  
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)5(  :      m0.3m0.3HB  
)6(    : GL-3.3m 

10-2-2-2   

    10-1   . 
 10-17         . 

 
 10-17-      

 

10-2-2-3    

  : 
3

c mkN5.24 

10-2-2-4      
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