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L    :(m) 
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1(x) 2 (x)          : )        
      (     
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)7-48( u sp
2

t L
F

2

   spL        . 
: 

               .      
      .          

7-4-4-6-3-     PGD  

                . )7-12.( 
PGD                   .    

          .             
.         PGD               

       .    

 
 7-12     PGD  

            )  A B  C   )7-13(.(     
       )7-49( : 

  

  

   

-  

 PGD  
    

-  PGD 



 

 

 

 

 -            121 

)7-49( 2
G

o
b

W
D

   GW    oD         PGD . 

: 
                       

      .W             .       
    .         .      4  5    %1  %

     .               

7-4-4-7-       

               .       
.   

1-           .   

 
 7-13          FEM    

 ( ) 

    ( )   

 
 

  
   ( )-      



 

 

 

       122 

2-           . 
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1h :    )m( 
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Si N122V 
1354122V 073.0
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38.035.01.1AK *
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63.0K0 
 0K  0,3             . 

 
)3(        

            

 8-2 
H2
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      3-4  50  . 

31
xcos66.4
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xcos46.0502U 2)x(h 

 



  

 

 

   145

       8-1  . 
     8-1-   

 )m(x cm)x(Uh

1 3/1 12/4 

2 6/1 1/4 

3 6/2 01/4 

4 6/3 88/3 

5 6/4 71/3 

6 4/5 55/3 

7 9/5 43/3 

8 4/6 31/3 

9 6/7 98/2 

10 6/8 67/2 

11 8/9 27/2 

12 4/10 05/2 

13 11 83/1 

14 1/12 4/1 

15 2/13 96/0 

16 3/14 50/0 

17 9/14 25/0 

18 5/15 0 
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8-4-         

)4(       

          Housner   . 
 

         8-3 
H
l3tanh

H
y

2
1

H
yHK3)y(p

2

whw  

   
)y(p :       )2m/KN( 

hwK :        =63/0  
H :  ) m7/11( 

w :    ) 3m/KN10( 
y :    m 
l :    )m0/14=2÷28( 

       8-2   . 
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 8-2-   

Node )m(y )m/KN)(y(p 2

3 0 0 

4 1 01/1 

5 2 93/1 

6 8/2 61/2 

7 3/3 3 

8 8/3 36/3 

9 5 16/4 

10 6 72/4 

11 2/7 27/5 

12 8/7 5/5 

13 4/8 69/5 

14 5/9 97/5 

15 6/10 13/6 

16 7/11 18/6 

8-1-4    
)1(     

                     . 
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  8-5-     

)2(     
1(      

)cm(7.3
30
BKK

4
3

H
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  : 
SHK :     )N/cm3( 

22
0 cm/N1120)cm/kgf(112428N28E 

20 
)(N/cm 89.611202)30/2.1(E)30/2.1(:K 3

000SH 
HB :    

)cm(2085)m(85.20435AB HH 
HA :    )2m435  =5/14×30 ( 

2(      

    )cm(34
30
BKK

4
3

H
0SVSV 

   
SVK :    : 

22
0 cm/N14000)cm/kgf(14005028N28E 

=924 (N/cm3) 140002)30/1(E)30/1(:K 000SV 
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VB :     )cm:( 
)cm(480.2)m(80.24615AB VV 

VA :   )2m 615= 5/20×30( 
)3(    
1(     

SHiSHi KAK 
  : 

SHiK :        
iA:      )2m( 

 8-3-    

Node )m(A 2
i )m/KN(KSHiNode )m(A 2

i )m/KN(KSHi

1 15/0 558 10 10/1 4092 
2 65/0 2418 11 90/0 3348 
3 00/1 3720 12 60/0 2232 
4 00/1 3720 13 85/0 3162 
5 90/0 3348 14 10/1 4092 
6 65/0 2418 15 10/1 4092 
7 50/0 1860 16 85/0 3162 
8 85/0 3162 17 30/0 1116 
9 10/1 4092    

 
2(     

SViSVi KAK 
   

SViK :        )cm/KN( 
iA :     2m 

        25     .  : 
 8-4 

Node )m(A 2
i)m/KN(KSVi)m/KN(KShi

   125/0 4250 5/462 
   25/0 8500 925 

 



 

 

       150

3(     

17hhii UUD 
  : 

iD :    
hiU :     (cm) 
17hU :    17 (cm) 

8-5-   

Node )m(x )cm(Di 

1 3/1 87/3 

2 6/1 85/3 

3 6/2 76/3 

4 6/3 63/3 

5 6/4 46/3 

6 4/5 3/3 

7 9/5 18/3 

8 4/6 06/3 

9 6/7 73/2 

10 6/8 42/2 

11 8/9 02/2 

12 4/10 8/1 

13 11 58/1 

14 1/12 15/1 

15 2/13 71/0 

16 3/14 25/0 

17 9/14 0 



  

 

 

   151

 
5-1-5   

 
 8-6-   
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 8-7-   

 

 
 8-8-   
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 8-6-    

8-2      

8-2-1  

                 . 

8-2-2      ) (  

8-2-2-1   

         MCE       .          
         .           .     

     : 
1-   
2-    

 :                   . 
   

 :                                           mm900     K 

  
 

1 2 3 4 5 6 7 8 9 10 

 B (cm) 100 90 90 100 100 100 100 100 90 80 

 H(cm) 120 120 100 600 100 80 60 100 90 80 

  d 

(cm) 
113 113 93 53 93 73 53 93 83 73 

  D22 
200

D29×
8 

D25×
6 

D16 
200

D22 
200

D22 
200

D22 
200

D29×1
3 

D29×1
1 

D25×1
1 

 (cm2) 19.3651.3930.409.9319.3619.3619.3683.5170.6655.74
  

 
3D13 

100
4D19 

100
4D16 
@100

3D13 
100

3D13 
00

3D13 
100

3D13 
100

4D22 
100

4D19 
100

4D16 
♪100

(cm2) 80/3 46/1194/7 80/3 80/3 80/3 80/3 48/15 46/11 94/7 

 (cm) 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 

Md (kNm) 108211611090762 382 6/389230 5/12631015 1058 

Nd (kN) 574 269 505 155 2/102598 5/3051220 860 498 

Vd (kN) 720 500 5/473394 225 247 270 585 530 481 



 

 

       154

 :                                                                           mm939D 
:                                                                          mm13 

 :                                                                           mm6000 
  :                                               2

i cm/N100P 
  :                                     pm)25T(kN/ 100 

 :                                                                   C20T 
    : m                                                   5/1 h = 

  8-2 )1(      . 
       . 

                                       :                                        )m/KN(17 3
t 

 
 8-9-       

8-2-2-2     

        pi 

8-4             
t2

tDP1
pi  

  :       
pi :      2m/N 

 :  )28/0( 
ip :   )2cm/N100   (  

D :  )cm9.93(                          
 t :         )     (  )mm(82.111.1/0.13 

  

  

 N 
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)cm/N(1100
182.12

182.19.9310028.0 2
pi 

         po)      ( 

           8-5 
KvD
EI

Z
W322.0 p

p

m
po  

 
  : 

mW :   )cm/N( 
VK :   )3cm/N10 ( 
E :  )2cm/N  107×6/1( 

pI =     )4cm105×05/4 ( 
)64/))t2D(D(I( 44

P 
pZ  =   )3cm103×6/8( 

)D/I.2Z( PP 

)...)i1.(
)tan.h.2a(275

D.P.2Wm( m 

h :    )cm150( 
a :      )cm20( 
mP :   Pm)25T(kN/ 100 =N/100000 

 :      )45 ( 
i :   

hi 1.065.0 m5.6hm5.1 
5.1h 

5.05.11.065.0i 
)cm/N(1.320)5.01(

)45tan150220(275
9.9310001002W 2

m 

 

  )cm/N( 2 63.995
9.9310

1005.4106.1
106.8

1.320322.0 57

3po   
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 8-10-       

)1 (   x  
    

 8-6 
n

1i si

i
G V

H4T  

  : 

iH :  i ( m ) 

siV :      i  (m/s) 
n

1i si

i
G )s(54.1544.1386.04

V
HT 

 8-7-          

  m  N  
sil V/H 

)1( 25 2  m/s 5.71N8.61 211.0
     35/0 

)2( 5 5 m/s 3.138N122 077.0    036/0 

)3(  50 m/s 334N205 125.0  

 
sedimentsPeriodic  Vs (m/s) 

3-10 4-10 6-10 
Diluvium period Clay 0.183129N 0.183156N 0.183172N 

Sand 0.125123N 0.125200N 0.125205N 
Alluvium period Clay 0.0777122N 0.0777142N 0.0777143N 

Sand 0.2118N61. 0.21190N 0.211103N 
 

     

21

21

LL
LL2L 

mVTL DSG1
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mVTL BSG2 

DSV :      )sec/m ( 

)s/m(7.77
386.0

525

V
H
H

V

i

i

i
DS 

BSV :     )sec/m(      
m70.1197.7754.1L1 

m4.51433454.1L2 
 

)m(2.194L 
     

 - 
 

  : 

1gK :       )2cm/N( 

2gK :         ) 2cm/N ( 
t :   )) 2cm/N (2-10×7/1(  
sV :       s/cm103×15/7 

g :    ( 2s/cm980 

   (N/cm2) 1330)1015.7(
980

107.15.1K 23
2

1g   

 (N/cm2) 2660)1015.7(
980

107.13K 23
2

2g 

            

 8-8 
H2
hcosTS2U G2h  

  : 
hU :       )cm( 

GT :     )s54.1( 
'h:         )m97.1(  

2
s

t
2g

2
s

t
1g

V
g

3K

V
g

5.1K

)m(20.194
4.5147.119

4.5147.1192L
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H:    )m30(  

vS :      2  ))s/cm100(S7.0T( G         
 

                      . 
    vS   50  . 

 
  8-11-  Sv          

   : 

52.15)
0.302

97.1cos(54.1502U 2h  (cm)  

   : 

 04.31)
0.302

97.1cos(54.11002U 2h (cm) 
    )   x( 

   )s) (TG( 
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L2L

IE
K

AE
K

)
L

2(1

1

)
L

2(1

1

E
L

UD2

E
L
U

)x(

)x(

)x()x(

'

4

p

2g
2

p

1g
1

4
'

2

2

2
'

1

1

2
h

2

2B

h
1L

B)x(21
'
B

L)x(1
'
L

2'
B

2'
Lx

 

  : 

x :     (N/cm2) 
BL, :             (N/cm2) 

'
)x(B

'
)x(L , :        x   (N/cm2) 

)x(2)x(1 , :         )         
        ( 

x :        2/lx  
hU :       )cm( 

L :      )m 2/194( 
D :   )cm 9/93( 

E :    N/cm2 107×6/1 

1gK :       ))N/cm2 (1330( 
2gK :          ))N/cm2(2660( 
pA :   (cm2) 2/378 

 8-9 
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pI :   (cm4)  105×050/4 

(cm-1)
 

4
71 107.4

2.378106.1
1330

 

(cm-1)
 

34
572 1050.4

10050.4106.1
2660

 

(cm) 22' 106.274102.1942L   

8.0
)

106.274107.4
2(1

1
2

24

1 

000.1
)

102.194105.4
2(1

1
4

23

2

 

    )x(2)x(1 , 

)Lexp()Lexp( 11

2
)x(2

2
)x(1

)x(1 

2
)x(4

2
)x(3)x(2 

)2cos()Lsinh(2

)Lexp()2cos()Lexp()L(exp()2cos()Lexp(

1

1111x1
 

)Lsinh()2sin(2)Lsinh()2sin(2 11x2 
)2sin(efefef 142133x3 

)2cos(efefefe 1522324x4 

 
 8-12 
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)2sin()CC(
L

2)2cos(C)CC(C)CC(C1f 2312331411

)2sin(
L

2C)2cos()CC()CC(C)CC(C1f 1232342312 

)2sin()CC(
L

2)2cos(C)CC(C)CC(C1f 2312321413

)2sin(C2
L

2)2cos()CC()CC(C)CC(C1f 1321421434 

)2sin(
L

2)CC()2cos(C2CC2)CC(1f 32141
2

235 

2
12323 C2)CC)(CC( 

)Lsinh()Lsin(C1 
)Lcosh()Lsin(C2 
)Lsinh()Lcos(C3 

)Lcosh()Lcos(C4 
)Lsinh()Lsin(e1 
)Lcosh()Lsin(e2 
)Lsinh()Lcos(e3 
)Lcosh()Lcos(e4 

  4

P

2g

IE4
K

        L2
l

L
x

       L2
l

L
x

         L        L   

 
 

031.0
2.194

6
L 

         )6 ( 
022.0

6.274
6

L
 

015.0
2.1942

6
L2
l

L
x

 

011.0
6.2742

6
L2
l

L
x

 

34
57

4

P

2g 1018.3
1005.4106.14

2660
IE4

K
 

283.0106.274107.4022.0L 24
1 
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138.0022.022 
142.0106.274107.4011.0L 24

1 
914.1102.1941018.3031.0L 23

 
926.0102.1941018.3015.0L 23

 
069.0011.022 
094.0015.022 

008.0)069.0cos()283.0sinh(2

)142.0exp()138.0cos()283.0exp()142.0(exp()138.0cos()283.0exp(2/1
 

0004.0)283.0sinh()069.0sin(2)149.0sinh()138.0sin(22/2 
 8-8 

i iC ie if 
1 3.225 0.894 -0.100
2 3.355 1.209 -0.907
3 -1.334 0.640 -0.001
4 -1.388 0.865 0.044 

5  - -0.584 

 
013.0)094.0sin(894.0044.0209.1)100.0(640.0001.02/3 

137.0

)094.0cos(894.0584.0209.1)907.0(640.0)907.0(865.02/4
 

0139.0
)283.0exp()283.0exp(

)0004.0(008.0 22

)2/(1 

138.0)137.0()013.0( 22
)2/(2 

8.32136106.1
1002.194
52.158.0E

L
U 7h

1L 

)cm/N(2440106.1
)1002.194(

04.319.9320.1E
L

UD2 27
2

2

2
h

2

2B 

)cm/N(3402440138.0)x(

)cm/N(7.4468.321360139.0)x(
2

B)2/(2
'
B

2
L)2/(1

'
L

 

)cm/N(5603407.446)x()x( 2222'
B

2'
Lx 

 
)2 (    

325.11
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                .         
        . 

 8-9 

  )cm/N( 2 

   
   )cm/N( 2 )100 Pi=( 1100 

   1040 

 560 

    2700 

  2750 

 
              : 

 8-10 
0

L A2
lD 

  : 
L :   (N/cm2) 

D :     ) cm 9/93( 

 :      )N/cm2 1( 
l :   )cm600( 
0A :  )cm22/378( 

 (N/cm2)
 

234
2.3782
60019.93

L 

8-2-2-3         
1(      )    iP( 

 8-11 
E

l
e pi

i  

  : 
ie :       )cm( 

pi :       (1100 N/cm2) 
l :  )cm 600( 

E :  )107×6/1( 
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 (cm) 041.0
106.1
1100600e 7i   

2(          

 8-12 
E

l
e 0p

0  

  : 
 0e :          (cm) 

 0p :        )1040 N/cm2( 

)cm(039.0
106.1
1040600e 70 

3(      )    te( 

 8-13 lTet  

  : 
te :         )cm( 

 :  C 5-10×0/1 
T : C  20 

(cm) 120.060020100.1e 5
t 

4(         )de)(    (  

60 m

  

 

20 cm

30 m30 m

 
 8-13-       

 
    (cm) 067.0100.3020)100.30(l 2222 

   (cm) 067.0led 

5(      )   ju( 
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 8-14 
 

L2L
L

l2

l
AE

K

)/(1
1

sinh
coscosh2

u

U
2

1U

)cm(Uu

uuu

'

'1

p

1g
1

2
11

1

11

111
J

h

10

J0j

 

  : 
ju :        (cm) 
ou :         (cm) 

L :    ) m2/194( 
hU : . 
1gK : . ))N/cm2(1330( 

E :  )) N/cm2(107×6/1( 
pA :   )cm2344 ( 

 (cm) 
22' 106.274102.1942L 

168.0
)281.0sinh(281.0

)137.0cos()281.0cosh(137.02
u

81.0

281.0
137.01

1

137.0
106.274
6002

281.0600
2.378106.1

1330

J

21

21

71

 

 
(cm)

 
95.2104.31

2
1Ua 
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 (cm) 06.1895.2181.0uo 
      

 (cm) 03.3168.006.18u j 
6(     

 8-15 
2

h
2

L
Ul4 

  : 
 :   )rad( 

l :     )cm 600( 
hU : . 

L :   )m 2/194( 

(rad)
 
=6’42”

 

3
22

2

1095.1
)102.194(

04.316004
 

7(        
             .         

  .                   
  cm 60      . 

8-10-        

     
)cm  ( 

 

"42 ' 6    )(
41/0   )N/cm2100 Pi=(  

   

  

39/0   )25T( 
20/1  20dT 

67/0   

80/29  

47/32  

31     
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8-2-3      )  ( 

8-2-3-1   

   
    
   
   

   

8-2-3-2   

1(   
 ) ) :(mm( 1016D 

  :t :(mm) 9  
  :     (JIS G 3443) 

             (JWWA G 117) 



 

 

       168

2(     =m 5/1 
3(    :100Pi 
4(    :)  (kN / 25T 100Pm 

5(  : C15t 
6(   :  8-2 )4 (    . 

 
 8-14-   

8-2-3-3         

)1(        
          

 8-16 
tE2

)tD(Pi
i1 

  : 
i1:        

 :  )) (3/0( 
iP :  )N/cm2100( 

D :  ) cm6/101( 
t :  ) cm9/0 ( 

E :    )(N/cm2)107×1/2( 

%)008.0(100.83.0
101.29.02

)9.06.101(100 5
7i1 

  

  

 N 
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)2(        

 8-17 
DK
IE

ZE
W322.0

v

m
10 

  : 
10 :          
mW :     (N/cm) 

D :    )cm 6/101( 
vK :        )N/cm3 10 ( 

E :    )  N/cm2 107 ×1/2( 
I :    ) N/cm2 105×61/3 ( 
Z :    )cm3  7105 ( 

%)006.0(1045.6
6.10110

1061.3101.2
101.27105
6.34322.0 5

57

610 

     mW     8-2 )2(      : 

 8-18 )i1(
)tanh2a(275

DP2W m
m 

  : 
mP :       )/ N100000( 
a :    )cm 20( 
h :     )cm 150( 

 :   )450( 
i :   

h1.065.0i m5.6hm5.1 
5.1h 

5.05.11.065.0i 
(N/cm) 346)5.01(

)45tan150220(275
6.1011000002Wm 

 
)3(           

 8-19 tt1 
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  : 
t1 :       

 :   )5-10×2/1( 
t :  C15 

%)018.0(108.115102.1 45
t1 

)4(        
                 .     

              1M 2M       
. 

 
L= 15 m

  

 h =1 m

h=1.5 m

y

 
 8-15-          

 

8-19 

)LcosL(sine2079.0
W

3877.0

)LcosL(sinee
24
We

M

2
Lsine

2
W

M

L
2
d

L2/
2
d

4/

2

2/L
2
d

1

 

  : 
L :       )cm 1500( 

dW :   )N/cm( 
t :   )  N/cm3017/0( 

h :       )cm 150( 
''h :  )cm 100( 

   (N/cm) 4326.101)100150(017.0D)'hh(W td   
E :    ) N/cm2107×1/2( 
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I :    )cm4 105×61/3( 
2gK :    (2660 N/cm2) 

  (cm-1) 34
57

4 2g 1006.3
1061.3101.24

2660
EI4

K 

59.415001006.3L 3 

 
(N/cm)

 

62/59.4
231 1074.1

2
59.4sine

)1006.3(2
432M 

(N/cm)

 62/59.4
232 1054.3)59.4cos()59.4{sin(e2079.0

)1006.3(
4323877.0M 

  21 MM           : 

%)002.0(1037.2
2

6.101
1061.3101.2

1054.3
2
D

EI
M 5

57

6
2 

8-2-3-4      

)1(   
    8-2 )4 (   . 

)2(     
  )s54.1TG( 

)3(       

 8-20 
H2
hcosTS2U

'

Gv2h  

  : 
hU :       (cm) 
GT :    ) s54/1(  
vS :      )(cm/s)

 
100vS sTG 7.0(  

'h :        )201 cm( 
H :   )m 30( 

 (cm) 03.31)
30002
201cos(54.11002U 2h 

)4(    
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           : 

%)501.0(1001.5
19420

0.31
L
U 3h

G 

          . 

LL            
LLLL
LL              L

2maxGL2

21L2

1L2

 

ymaxG2 11L 
y1L 

/Et22 
 :  )    N/cm2 1( 
 :         )1/0= ( 

t :   )cm 9/0( 
y :   )31014.1( 

L :   )m 2/194( 

 

 (cm) 
77 1035.51/9.0101.222/Et22 

 
  (cm) 609901014.11035.5L 37

1 
 1LL) 6099019420 (    L2        : 

4
7L2 1063.3

1035.5
19420L 

       B2      : 
43

GG2B2 1065.11001.5
19420

6.10120.1
L
D20.1

L
D2 

       000.12 
   X2             : 

%)040.0(1003.4)1065.1()1068.3( 424242
B2

2
L2X2 

)5(     

     8-2 )4 (   . 
 
 



  

 

 

   173

 8-11-    
  )%(  

   )Pi=100N/cm2( 0.008 
 

100KN/ 
H=30 m 
h=1.5 m 

   )T-25( 0.006 
  )dT=25( 0.018 

  )L=15.0m( 0.002 
 0.040 

   0.074%  
  0.407% 46t/D=46*0.9/101.6

= 

 8-2-4      
)1(              

 8-21 
Et
L

p  

  : 

p :  
' :      )N/cm2 1.0'( 

L :    )L=10000 cm( 
E :    N/cm2) 107×1/2( 
t :  )cm 9/0( 

%)005.0(1029.5
9.0101.2

100001.0 5
7p 

 
             .    (46t/D (%)=0.407%) 

      . 
)2(          

Et2
L'

p 

%)003.0(1064.2
9.0101.22

100001.0 5
7p 

             .    (46t/D (%)=0.407%)    
   . 
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