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         , 
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      ,      

 (     ).      
    ,      , 

      ( . 4.4.1-1). 



   /      

4-4
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 ), 
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)  
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   (  ). 

        ( . . 4.4.1-1, 
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       .  

, . .,           
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    (        
 , . 4.4.2-1( )). ,      

      ,      
 .  

         , . .,   
    Marcus (        

 
 

. 4.4.2-1    ( ),     
 ( )        ( ) 
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) ,    ,   ,   
  . ,     

      ,     
   .         

        ,  
          

.  
           

           
       2. ,      

     ,       
     ,    , 

           . 
,           

   ,           
.           

  . ,        
      ( ,   

.),          
,           

 ( . . ).        
      .   

  -  -   . 

4.4.3    ,     
    

            
 ,          

        .  
           

      .        
  ,          

.   ,      
,           

  ( . 4.4.3-1). 
   ,          

         
          ,  

" "      .       

                                                 
2  .,       , 15   . 

.,  , . , . 41-61, A , . 2006. 
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    ( . .     

     , § 4.10),     
       ( . .   
     ). 

 
. 4.4.3-1    : - -  

,          
 ,  " "   ,    . ’ 

,        /       
    " " ,       

         
.          "  
"  ,       /   black box  

   .    ,     
   ( ,  ,  

, . .) ,  ,      
      . 

          
    " " ,     

          
  .       

        /  .  
        c    



   /      
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     / ,    
         c ( . § 4.12.3). 

,   ,         
       ,      

          
:   , . .,       

             
  (" " !). 

        
         

      :     
          

   .        
 '    ….' ,       .  

,         
       

        . 

4.5     /  
4.5.1       /  

     § 4.4.2,     
         

( )       (  ),  

( )    (  )   

( )     /    (     
). 

.    
           

         (   
 ,    )    

 (  ,  , . .)    
     ,     ,   ' 

    .  
   (   )   /   

          
          , , 

 . '  ,       
   ,          

           ( . § 
4.4.3). , . .,        
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   .  

.    
          ,  

  /  ( . .     )   
  .         

        /   ,  
           

    .     
         Winkler 

( . 4.5.1-1).   ,       
    ( )  ,     

   ( , ,  )    
.         - , 

        . 
     § 4.12  4.13.  

 

 Winkler:    q*(x)  =  cB(x)    w(x)  

:   q*(x)  =         x  
                   =       x  [k /m]             
         cB(x)   =   Winkler [k /m2]    
                     (                  
                             , . § 4.12- )        

               w(x)   =   ( )     x [m] 
 

. 4.5.1-1     ("  Winkler") 

        Winkler   w(x)  
  x         q*(x)  

   :    ,   .  
:   q*(x)        ' 

      w(x)       x 
( . 4.5.1-2). 



   /      
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. 4.5.1-2      Winkler (q*(x)=cB(x)·w(x)) 

.    /  (   ) 
         /   
           ( . . 

    ,  /  /  
,   ,    , . .),  

    ( . .   ,   
/   ,   , . .),  

       ( . .     
      , . .),  

      .  

    /         
,         
 ( . .        

" "       ).  
         8,     

   ,        
        ( .:  

       ,   GAS,   EA   
 GIT),     -  -   

     . . .,   8  
          

 50%.      ,      
         . 

    ,      
    .  

   4.5.1-1       
        .  
       § 4.7  4.14. 
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 4.5.1-1       ( ) 

 
. 

 
     
    

 

 

(1)     
  

 

(2)     
         
 

(3)    
 

 
. 

 
  

 

 

(1)      
       
 

(2)     
 

. 
 

    
 
 

(1)     "  
 " 

 

(2)     
  

 
 

(3)     
  

. 
 

   
 

. 
 

     
(  ) 

 

 
. 

 
     

  
 

 

(1)    Winkler 
 

(2)  /    
  

 

(3)     
  

 

4.5.2       /  

           
.     (   )  

 '    ( . . 2-1,  1  2),   
     (  3),     

      / ,     
    ,       

      (      
     ).     

     , 
  :     ( )  

     ,      
        . 

,           
    ,       

       ( . .,  /   
           ).  
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4.5.3       
          , 

         
   .      

              
  ( . .        

 )         Hooke (   
,       

 ,     )     
/     . 

4.6        /  
4.6.1        /  

      /     
            

    ( . 4.6.1-1  . 4.6.1-2): 
      ( ,    ,  

     ), 
  ( )  ,  ,    

  ,  
  ,       L×t 

(  L>4t)      (   
,        H/L>4, . 4.6.1-2(2 )) 

     (   ,  
      H/L<2, . 4.6.1-2(2 )),  

 ,      ,   2, 
3         ( . 4.6.1-2(4 )  
(4 )), 

  /   ,       
  . 

    ( )  , ,  
             

 ,           
             

. 
     ,   ,  

    ,      , 
,         

  (    . 4.6.1-1).    
            
  § 4.12  4.13. 
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. 4.6.1-1        /  

           
,  ,   ,        

( . . 4.6.1-2 (1 ), (1 )  . 4.6.1-3). 
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. 4.6.1-2       /  (1   1 : 

     , 2   2 :   
   , 3 :  , 3 :    

       , 4 :  
, 4 :     )  

 

. 4.6.1-3          
-         

,           /  
           

 ( . . 4.6.1-2 (3 )  . 4.6.1-4).  
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( ) ( ) 

. 4.6.1-4          -
        

            
    ( . 4.6.1-2 (1 )).        

 ( . 4.6.1-2 (3 )  . 4.6.1-4( ))     ( . 4.6.1-5),  
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( ) ( ) 

. 4.6.1-5    ( )      ( ) 



   /      

4-16
 

 

            
  ,           

     ( . 4.6.1-6).  " "  
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, , ,       
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( / )     .   /    
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,         (  
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      . 
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4.6.2    /      
            

       
( ,  ,  ),   
(  , , ,   )   

  ( ). ,  '       
     ,        

         
:    ,   , 

   ( ,   ,    
)  ,   ,       

 ( . . 3.4.1-3  . 4.6.2-1). 

. 4.6.2-1         , 
    1 

,   ( )        
         

 ,    
(1)             

(      )      
  ,  

(2)         
   ,      

                                                 
1 Werkle . and Volarevic J., Modelling of dynamic soil-structure-interaction in the three-

dimensional finite element analysis of buildings, 2nd Europ. Conf. on Earthq. Eng and 
Seismology, Istambul, Aug. 25-29,2014. 
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,     ,         
         

  ,        (   
),      ( )  

    ( , , ).   
( )   /          ,  

        «  
  »,  

( )             
   ,         

      . 

    3.1,       
   ( . . 3.1-1): 
    /     ,  
     (     )  

  ( ),  
       . 

    ,      
             

/            . 
,       
      ,    

   ,  
   

      ,   
       

     , 
      ,  
      (   ) 

   (     ).  

,        . .1 ( . § 3.2.1),   
     : 

      ’  ( . § 3.2.2 - . .2, 2   3). 
   /      ( . § 3.2.3 -  . .4). 
      ( . § 3.2.4). 
         q  
( . § 3.2.5 - . .5). 

      ( . § 3.2.6 - . .6). 
            

    ( . § 3.2.6( )). 



   /      

 
 

 -6

           
 ( . § 3.2.6 ( , , ) - . .6, . .7, . .8,   § 3.2.7 - . .9). 

      8   ( . § 3.3 -
. .10 , 10 , 11   11 ). 

           
(    ),          

 . ,     (  )   
   3.5 :     

(1)   (q=2 < maxq =3)     (   
,     ),  

(2)     ( ),  
(3)   (       ),   
(4)    . 

          ( . 
   § 3.2.1). 

     ,       
SAP2000  CSI, Computers and Structures, Inc., Berkeley, California, USA.  

      «   » (    EXCEL). 
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1.   
  : :m, :kN,  t (1t=103kg), :sec. 
 :   ( =2.9•107kN/m2, =0.2, =25kN/m3). 
      : 

             
 .           

    ,       
   .       

          (  
    ).      ’   

3m   ,      . 

 
. 1-1    (          

 ) 

4.
5m

4.
5m

5.
5m

4.5m 4.5m3.5m

BX1 25/50 BX2 25/50 BX3 25/50

BX4 25/50 BX5 25/50

BX6 25/50 BX7 25/50 BX8 25/50

1.2m

BX9 25/50 BX10 25/50

C1 40/40 C2 40/40

B
Y

1 
25

/5
0

B
Y

2 
25

/5
0

B
Y

3 
25

/5
0

C3 40/40 C4 40/40

BY
4 

25
/5

0
B

Y
5 

25
/5

0
B

Y6
 2

5/
50

BY
7 

25
/5

0
B

Y
8 

25
/5

0
B

Y9
 2

5/
50

B
Y

10
 2

5/
50

B
Y

11
 2

5/
50

B
Y

12
 2

5/
50

C5 40/40 C6 40/40

C7 40/40 C8 40/40

1.2m

T1X T2X

1
 2

5/
27

0

15
1

15
2

15
3

15
4

15
5

15
6

15
7

15
8

15
9

2
 2

5/
27

0

1  375/25

3  375/25

2.
7m

0.4m 0.4m

0.4m
0.4m

X
Y

0.4m 0.4m

T1
Y

 3
00

/2
5

T2
Y

 3
00

/2
5
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( )  ,          

, 
( )   1.40m x 0.85m,       

  ,   
( )    0.25m x 0.85m,        

  . 
       15cm     0.85m  

     . 

 
. 1-2   

 
 

4.
5m

4.
5m

5.
5m

4.5m 4.5m3.5m

/ 3 25/85

/ 7 25/85 / 8 25/85 / 9 25/85

C1 C2

C3 C4

/
1 

25
/8

5
/

5 
25

/8
5

/
10

 2
5/

85

/
2 

25
/8

5
/

6 
25

/8
5

/
11

 2
5/

85

C5 C6

C7 C8

T1X T2X

3

4.
3m

X
Y

T1
Y

T2
Y

/ 4 25/85

2.0m 2.0m

2.
0m

2.
0m

1.4m1.4m

1.
4m

1.
4m

5.45m

3.85m

2.
8m

1

2 3
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. 1-3    :    ( ), 

    C5, C6 ( ),   
 ( ). 

0.4m

1.4m

0.85m

3.00m

0.25m

0.15m

0.4m

2.0m

0.85m
0.5m

2.0m

2.0m

0.5m

0.5m

4.
3m

5.45m

3.85m

2.
8m

5.45m

0.4m
0.85m

3.85m

4.
3m2.
8m

0.4m

0.85m

0.
4m

2.
0m

0.
85

m
0.

5m

0.15m

( ) ( )

( )
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  : 
: 3m 

: 4.5m 
1  – 3  : 3m 

    -  
       (3.6kN/m2).  
         (2.1kN/m2)  

  ,      . 
            

  1m.  
            

,  1.3kN/m2.  
    (  )    Q=2kN/m2     

Q=3.5kN/m2   . 
    :  ,  [ 8, § 4.3.3.1(11) ]. 
   :    ( . § 5). 
   : 8 (§ 3.2.2.5). 

       A=0.20g 
  : =5% 
   q:      q  

  ( . § 6). 
    

 . 
 : s=90000kN/m3  (  Terzaghi). 

  : . . 

2.   
2.1       ( . § 2.2.1( ), ( )) 

     /     ( . § 2.2.4( )). 

   :  
          ( . 

§ 3.2.6( ), . 3.2.6-1).        
          2-1. 

    (    2, § 5.3.2.1): 
  : beff=bw+0.2• 0 
  : beff=bw+0.1• 0 

( 0=0.85•      0=0.70•    ,      
             

  ).           
: 
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*     1      3     1   2  

,         .    
             

    0=0.70• . 

   ( . § 2.2.4( )):  
       2.2.4( ),     

  GAS        50%  
      ( 8, § 4.3.1(7)),   

 GIT  -     8 -    10% 
      (     -

2000).         ,    
           

,          
     (  ).     

     2 (§ 5.4(2))     
   ( .  ).     
        ,     

  ,       . 
,    ,   ,    

  / .   

   , ,    . 
       /     

   («  », «  »)   
  4.3.1(2)  8 ( . . 2-1). 

 (m) bw (m) beff (m)

BX1, 3 3.225 0.250 * 0.476

BX2 3.1 0.250 0.467

BX4, 5 4.175 0.250 T 0.960

BX6, 8 4.025 0.250 T 0.934

BX7 3.1 0.250 T 0.684

BX9, 10 4.175 0.250 0.605

BY1, 10 5.025 0.250 0.677

BY2, 11 2.8 0.250 0.446

BY3, 12 2.8 0.250 0.488

BY4, 7 2.725 0.250 T 0.713

BY5, 8 4.175 0.250 T 0.835

BY6, 9 4.025 0.250 T 0.934
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. 2-1      

             
     4.3.1(8)  8,      

          .   

2.2         
           «  

  »,      S     
          ,   

( )        . 
     ( . 2-2).     

             
  : 

 S
  XX IYY IT SX SY 

1 , 2  0.3 0.036 0.001563 0.00543 0.25 0.25 
3  0.9375 1.0986 0.004883 0.0187 0.7813 0.7813 

1 , 2  0.75 0.5625 0.003906 0.0148 0.625 0.625 

     S      
 .       

          
            

    ( .  1 , 2 , 3 , 1 , 2    1-1). 

2.3        
        «    

»            
    ,       

.          
  : 

h
h/2

h/2
y

y1

2

  

 
beff

=y1
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 1 ( 1) 2 ( 2) 3 ( 3) 

 A=0.675 B=0.8125 =0.675 

IXX IXX(A)=0.003516 IXX(B)=0.004232 IXX(  )=0.003516 

IYY IYY(A)=0.4101 IYY(B)=0.7152 IYY(  )=0.4101 

IT ITA=0.0132 ITB=0.0161 IT =0.0132 

S  S =0.675 SB=0.8125 S =0.675 

SY 0.0 0.0 0.0 

         1, 2, 3,  
    ,    , 

  ,        
        .    

    1, 2, 3       
          
 .           

  1, 2, 3      : 

 1 2 3 
 IT=0.007 IT=0.007 IT=0.007 

4  – 3  – 2   IT=0.0148 IT=0.0148 IT=0.0148 
1   IT=0.0187 IT=0.0187 IT=0.0187 

 IT=0.0265 IT=0.0265 IT=0.0265 

2 ( 2) 0.25m

1.625m

Y(B)

(B)
2

1 ( 1)

0.25m 0.25m

1

3 ( 3)

3

Y( )

1.
35

m
1.

35
m

( )X(A)

Y( )

1.625m
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, ,           
           

      . 

2.4         
        

   /   
           

     ( . 2-2).     ,  
            

    z=-3.85m, . 3.85m     
  .             

       ,  
           .  

          (  1),   
      ,    
           
     ). 

          
  :    (      

 )              
      ( . 2-2).     

         . 
     25/85    

,           
  ,    z=-3.425m [=(-3.85+(-3))/2].  

      ,     
        

   .       
    .      

         . 
        ,   

         2-2. 
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. 2-2       

       
    ( . . 2-3)    

       .    
           

       (  z=0.00  z=-3.00m ). 
    25cm,        

  . 
        (  z=-3.00m)   

  (  z=-3.85m)     
         

0.85m.         z=-3.579m,   
          

.         
               

      ( . 2-4). 
          

  ,          
              

   ( . . 2-4).      
,     3.85-3.579=0.271m.   

         
           

   .        
. 

  
  
 

k3

Z X

Y

k ,

k 2
k 1

k ,

- -    

k ,

k ,

k ,

k ,

k ,

k ,

12 3

1-2-3   

k 1 k 2,   
k3   
k ,    

z=-3.425m
z=-3.85m

z=-3.00m
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,            
 –         –   

 . 

. 2-3        
 

 
. 2-4        

 

 

 

z=
-3.

85

z=
-3.

00

z=
0.0

0

  
  
 

 

 

  

 

0.271m
0.579m

0.4m

1.4m

0.85m

 

3.00m
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   2-5       
           

  « »    SAP2000.   
          . 

 
. 2-5          

   « »    SAP2000) 

: 
           

 (     )      -
 ,           

           . 
   ,         

          
  "  " (        

),         .  
"   "         

   . ,        
 "  "          

 ( . § 4.14),         
. 
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  2-6.  

 
. 2-6  « »    

        2-7   2-7 , 
       ( , , 

, ,   ,   )  
    ,         

         .  
      .   2-7   

         ,  
  2-7        . 



2  M :   
 

 -15

 
. 2-7   /  –   /     
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 2
 3
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