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 68/1  64/2 05/2 32/1 72/0  

 71/1 60/2 08/2 24/1 73/0  

 76/1 81/2 11/2 41/1 71/0  

                                                      
1- Gulf of Oman 
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1 -3 -2-5-         

                     .     
      .    )   (           

                 .        
        .      )1-11(    .  

1 -3-3 -     

1 -3 -3-1-      

 1          424000  2  5      
      ) 1-16 .(     7860    .      

 180       1025   .  

1 -3 -3-2-       

    )       (     .     
                      .       

           977    .           
                  .  

                                                      
1- Caspian Sea 

2-    1375  
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)Caspian Sea( 

  
 1 -16 -    

  
 1 -17 -      
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1 -3 -3-3-      

        174200     ) 1-17 .(     13 
       1000              .    42 

           1000         .  
             :  
                     )   50 

   (     .                  
      .           .  

                       
       .                

              .         
            .  

                           
   .                        

         .            
     .  

1 -3 -3-4-       

                  .          
                   80      

       .               
   1305  1383   )1-18(    .  

  
 1 -18 -        
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1 -3 -3-5-     

                            
)ISWM (   .                 4-41  2-29  2-21  5-13  

11-2                    )1-19(        .
       )1-5(     .                 

  )1-20(  )1-24(   .  
                           .

        2-29     -     2-21     -  
       .                   .  

              )     (      .
       5-13  11-2     -        .       

        4-41 .            .         
        11-2            11-2 .  

 1-5-           

         
4-41 54  37  

2-29 5/52  75/36  

2-21 5/51  75/36  

5-13 5/50  125/37  

11 -2 125/49  875/37  

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
28.23 %

10 %

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
5.93 %

10 %

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
5.76 %

10 %

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
5.48 %

10 %

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
7.89 %

10 %

  

  
 1 -19 -           
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Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
28.23 %

10 %  
 1 -20 -     4-41    

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
5.93 %

10 %
  

 1 -21 -     2-29    

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
5.76 %

10 %

  
 1 -22 -     2-21    
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Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
5.48 %

10 %
  

 1 -23 -     5-13    

Hs (m)
Above 1.1

0.8 - 1.1
0.5 - 0.8
0.2 - 0.5

Below 0.2

N

Calm
7.89 %

10 %

  
 1 -24 -     11-2    

 )1-6(            .          4-41 
                             

       .  )6-1(        5  6     
       2    97    .         2      

 3       .    5/2        5/1           )5/98 
        5/2  .(  

 1-6-         

     )(       2        5/2   
4-41 38/1  100  100  
2-29 14/6  95/96  74/98  
2-21 33/6  38/96  35/98  
5-13 77/5  31/97  84/98  

11 -2 07/5  29/97  83/98  
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1-4-         

                       » 3 
      «              .  

                      .  
                       .  

                          
                 1        

 .                         
                     .       

                       
     .  

           15                
          .                      

                            .
                    .  

               :  
        
    
   )     (  
        
     
         
       
      
      
    )     (  
    )       (  
    
   )     (     )   (  

                                                      
1- Monitoring 
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             .  

1 -4-1 -         

              : 

   :                    
                    . 

    :                         
     .                   

                     . 

       :               
                 .      

       :1 

                    )   
       (  .              

                  .  
                        

 .  
                      

            .  
      :                

      .      2           
                     

   . 

           )1-25(     .       
            3   4        . 

                                                      
1-           )1987 (              
)2006 ( . 

2- Littoral Cell 
3- Dune 
4- Sand Bar 
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                        .  

                 )   
   (                    

 .                      
                .  

 1 -25 -       

       :             
          .         :

        
       
             

1 -4-2 -   

               :  
      

   )    (
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35 

1 -4-3 -     

                  :         
   .                      

                :  
   :  

        

       

    

    :  
   

   

   

   

   

   

   :  
      

      

     

     

1 -4-4 -         

                       
       .                 

  .                             
                       .  

                  .      
                           

          .  
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1 -4-5 -        

               :  
     :                     

  .                 
           .                  

  3/0       .              
             3    ) 1  (   .  

             :            
          .               

              .          
                         

     .              
          .  

    :                       
   .                      

                             
)UTM(1        .              

                       
      .                  

       .             »cm1    km1 
 «                    .  

1 -4-6 -          

                     
   :  

          

    2    

     

       

                                                      
1- Universal Transverse Mercator (UTM) 
2- Source and Sink 
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1 -4-7 -          

                  .           
 1    2    .                 

  .              :  
     

      

      )    »1-4-4-       « ( 

      )              
      .         »1-5-1-9-      1-5-1-10- 

  « ( 

         . 

                    . 
       3                 .

                       )    
   ( .                . 

1 -4 -7-1-       

                   .      
                           .  

                          
          .                

                          
   .       )    (           

           ) .(  
      -   .           )   (

            ) (  .          
               .   )    (     ) 

 (            .                

                                                      
1- Longshore 
2- Cross-Shore 
3- Surf Zone 
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   .            -           
          .                 

      .  
                        .

                             .
                        .

                         .    
                  .              

                   .  
                    :  

 fH / w T 1        ) ( 

 fH / w T 1          )  ( 

 fH / w T 1          )    ( 

   :  
wf:         )D50(       

H:       

T:        
                          
  .  

1 -4 -7-2-      

                        
   .                  .       

       .                  
)  (1               .        

                          
  .         3/0          1        

     .        .  
                 .        

                         
                                                      

1- Radiational Stress 
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       .                .  
                         

                  .            
             .              

       .                1 
   .                         

    .        CERC )1984 ( Kamphuis )1991 (  .     
  Kamphuis )1991 (          :  

)1-1(  4 2 1.5 0.75 -0.25 0.6
s sb p b 50 bQ 6.4 10 H T m D sin 2  

   :  

sQ:             

sbH:           

pT:         

bm:    

50D:        

b:                
         CERC )1984 ( Kamphuis )1991(       

    » «            » «    .     
                        .

           .  
                            

   .                   
           .              

   .                  
                  .  

1 -4-8 -       

                         
                       .      

                                                      
1- Bulk Volume 
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     »1-5-1-9-      1-5-1-10-   «     .    
                    .       

                          
      Arcview GIS              .       

                    .  

1 -4-9 -      

              :  
            

                  

     

       

               

1 -4-10-      

                 :  
             

          

       

                   

                     :  
  :                        

           . 

    :                    
              .         

            . 

 :               . 

 :                       
   .   . 
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1 -4-11-      

             :  
          

             ) 1-26( 

         

                 

1 -4-12-    

            :          
   .                        

 .                   .  

-     

                  )  (  
  .      :                    

                        
                       

    .  
                          

       .  
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 1 -26 -         

-    

    :  
        
               
          

          :  
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-      

            )           (   
      .                  .

               .   )1-7(        
                .  

              »            
   3-300     « .  

 1-7-            

   
 -     

 -  
  

 -          
  1  1  1  1  1  

      1  1  1  1  1  
   1  1  1  2  1  

  2  2  2  1  1  
     1  2  2  1  2  

    -  1  2  -  -  
     1  2  2  -  3  
     1  -  -  -  3  

   2  -  -  1  -  
   1  -  -  1  -  
   2  2  1  1  -  

   2  1  1  1  -  
   -  1  2  1  -  

     2  1  1  2  -  
1-    
2-   
3-    

1 -4-13-         

                         
     .                    

             .               
                      .  

1 -4 -13 -1 -          

              :  
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   :                       
  .                          

    .              1    2 
 3    4 5  6  7     . 

         :8    9  .10       
             .            

        :  

    

               )              (
» «   .  )1-8(                

     .  

    )rD (  11        :  

)1-2(  max
r

max min

e e
D 100%

e e
  

   :  
e :    

maxe :        

mine :        
               12          

  .        »ASTM D-4254 1994 « .  

                                                      
1- Rubble-mound Breakwater 
2- Caisson 
3- Bulkhead 
4- Vertical-Front Seawall 
5- Dike 
6- Beach Restoration 
7- Land Reclamation 
8- Density 
9- Compressibility 
10- Permeability 
11- In Situ 
12- Sand Backfill 
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 1-8-       

       
    
    WS   
   WW    

    VS    
     VV    

   V  S VV V  
    W    

     
     d SW

V
  

       S WW W

V
  

     sat  S V WW V

V
  

      sub  S S WW V

V
  

   G  s

W

  

   E  V

S

V

V
    n

100 n
  

 N  VV
100%

V
   e

100%
1 e

  

 *   5/2  8/2          65/2    70/2     .  
 **   15/0        0/4               .      

            35/0  .  
  

  )CR(1                :  

)1-3(  d
C

dmax

R 100%  

   :  

d:     )3N / m(  

d max :             )3/N m(  
                  .  

    

                 )  (     
»EM 1110-2-1906«2   ASTM   .                

                                                      
1- Relative Compaction 
2- Department of the Army 1986 
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  :    - 1     -        
 - .  

    

                       .    
                             

  .                       2    3  
 .4  

   

                    .    
                       
               .            

                 .        
       :  

)1-4(  h
Q KA

L
 

   :  

Q :  )3m / s(  
A :   )2m(  
L :   )m(  
h :  ) (    )m(  

                .       
       .               »EM 1110-2-1906 «
  ASTM    .                  
              .  )1-9(           

   .             .  
  

                                                      
1- Unconsolidated-Undrained Triaxial Test 
2- Immediate Settlement 
3- Primary Consolidation 
4- Secondary Compression 
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 1-9-       )K(  

   
    

)cm(  
   

)mm(  
   

)cm/s(  
Dmin Dmax  D10  K 

     05/0  2/0  6/0  4/0  
     025/0  05/0  3/0  1/0  

          0005/0  0/1  1/0  01/0  
     005/0  025/0  06/0  4-10×40  

         
  

001/0  5/0  02/0  4-10×4  

    0005/0  2/0  01/0  4-10×1  
   0005/0  005/0  006/0  4-10×5/0  
    0001/0  10/0  002/0  4-10×05/0  
    0001/0  005/0  0015/0  4-10×01/0  

 )30  50    (  00005/0  005/0  0008/0  4-10×001/0  
  

 :                        
                      .       
                       

       . 

   

            :  1            2 
        )1-10(   .  

    

                          

  .                        
         .                      

        .              .    
                         

  .    )1-10(       .  
  
  

                                                      
1- Igneous Rock 
2- Metamorphic Rock 
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 1-10-        

    
  

   
)kN/m3(  

   
  

)MPa(  

  
   
(%)  

  
  

(%)  
    

 5/27-5/24  260-160  0/2 -2/0  4/2 -4/0  
  4/30-5/25  260-160  -  7/2 -3/0  
  4/31-5/27  280-180  5/2 -2/0  7/2 -3/0  

  5/27-6/22  260-100  0/5 -2/0  0/6 -4/0  
  4/29-5/23  260-160  10-2/0  10-1/0  
  4/30-5/24  280-160  0/1 -1/0  0/1 -1/0  

    
  5/27-5/25  260-220  5/0 -1/0  5/0 -1/0  

    5/27-6/22  220-15  15-0/1  20-5  
   5/27-6/22  100-60  10-0/1  10-5  

  5/26-6/22  60-15  10-0/1  30-5  
   5/26-6/22  120-30  0/5 -2/0  20-5/0  

   6/22-7/14  30-5  30-0/2  30-20  
    

  5/26-6/22  90-60  0/6 -5/0  10-5  
  4/31-5/26  120-70  0/5 -4/0  10-5  
  5/27-5/25  260-150  5/1 -5/0  5/1 -5/0  
  5/27-5/26  240-130  0/2 -5/0  0/2 -5/0  
  5/27-5/26  120-70  0/5 -5/0  0/5 -5/0  

  

      

                       .    
  )sD (         :  

)1-5(  1/3s
s

s

W
D 1.24( ) 

   :  

sW :  )kg(  

s :   )3kg / m(  
                 .           

                 1      
    .  

                                                      
1- Riprap 
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         .                    
            .                 

                  .            
                              

     .  

   

                            
  .                   )      

(   )   (                 
     .            .  

             :              
      .  

   

                            
          .               

       .        )1-10(   .  

      

  » «1           .     »  «2  
               .»  «          

                        .        
         )1-10(   .  

                             
             .                

                   3  .  
  

                                                      
1- Stone Porosity 
2- Bulk Porosity 
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    .                          

   .                        
  .                  .     

                    .  
       )           (         
   )1-11(                  .  

 1-11-      1  

          
                    

   
   2 )  (     60/2  

      2/1 **  
   MgSO4    2     *  

   Glycol           
     25    1000 **  

 -        20   
 -          35   

              
 3             

  4         
 5        12      

 *              
 **    

  
   :              » « » «     

              .          
                     

             .              
                   .  

                                                      
1-                       3-300   . 

2- Bulk Specific Gravity 
3- Field Index 
4- Field Drop Test 
5- Field Set-Aside 
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            .       ASTM 

C-150 1994  :  
  I :                             

          . 

  II :                    . 
       V  . 

  III :        1    .  7      III   
   28   I   .  III         . 

  IV :                      
    . 

  V :                         
   .  

    5     )1-12(    .              
                       .  

                         
 )1-13(   )ACI 1986.(  

 1-12-       

   
)ASTM(  

  )MPa(  
7   28   3   1   5   

I 7/20  6/29  2/35  9/37  3/39  
II  9/17  0/29  8/35  7/40  1/44  
III  2/26  4/32  2/35  2/37  9/37  
IV  3/10  1/24  8/35  4/41  8/44  
V  2/17  3/28  5/36  1/42  2/46  

 1-13-             

  )  28 (      )(  
)MPa(          

4/41  41/0  -  
5/34  48/0  40/0  
6/27  57/0  48/0  
7/20  68/0  59/0  
8/13  82/0  74/0  

  
                                                      

1- Curing 
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 1  )cE (                        
  )ACI 1986:(  

)1-6(  3/2 1/21392( ) ( )c c cE w f 

   :  

cw :   )   3/kN m 24-14 ) (3/kN m(  

cf :   )kPa(  

cE :  )kPa(  
             GPa200        .      

               »     « »        )ACI( « 
 ASTM  .  
 :                .         

                     
  .              .       

       ASTM )A36-93a A252-93 A328-93 A573-93 A690-93  A709-93a (
   .  )1-14(                    

      .  
 :                   

 2 3   4   5   .              
   6        .           »ASTM D-

245 1994 « »ASTM D-2555 1994 «  .     »  «7  .  
  :                         

           .            
                        

           .              
     » 3-2-         3-3-           

 «    .  

                                                      
1- Modulus of Elasticity 
2- Pier 
3- Wharf 
4- Gabion 
5- Floating Platform 
6- Bracing 
7- Timber Construction Manual, AITC, 1985 
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 1-14-          

   ASTM       

)MPa(  
   

)MPa(  
  

36A   250  550-400  
252A  1  205  345  
  2  240  414  
  3  310  455  
328A    270  485  
573A  58  220  490-400  
  65  240  530-450  
  70  290  620-485  
690A    345  485  
709A  36  250  550-400  
  50  345  450  
  W50  345  485  
  W70  485  760-620  
  W100 -100  690-620  895-690  

   
209B  0-3004  55  193-145  
  0-5052  5/65  214-172  
  0-5083  124  352-276  
  0-5086  97  304-241  
  0-6061  83  138  
241B  0-6063  124  131  

   
 152B 124B 133B   1  69  221  

   2  276  310  
      124  331  

36B 134B 135B     379  483  
      152  386  

21B     276  448  
       172  483  

169B 124B 150B    448  724  
   

       172  393  
 A    138  483  

160B 161B 162B     483  655  
 K    310  690  
    965  1034  

  

                                                      
1- Annealed 
2- Cold-Drawn 
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1 -4 -13 -2 -      

                )                 
  (      :    )     1   

          ( 2 3            
    .  

                        
     .                         

     »     6  4-      «  .   
                      :  

-    

                    .    
                       

 .                  .  
                        

              .  

-   

   :                         
               .             

                   .      
          .  

 :              4         
            .  

 :                       .
                         

        .               
          .  

                                                      
1- Compatibility 
2- Durability 
3- Adaptability 
4- Prestressing 
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 :                        1 
                .  

  :                         
  .                    

           .           
    .  

-    

                     .     
                             

   2      .                  
               .            

                         
   .                          

       .  

-   

                .       
                .             

                           
   .               .          

       .  

-              

                            3 
   .                          

               .  
  
  

                                                      
1- Isotropic 
2- Plactic Deformation 
3- Elastic Yield Limit 
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-   

                    .  
                      .  

   :                            
                    .        

                       
      .          1    .  

 :             .        2    
                 .  

 :                          
             .            

               .     
            .  

 :                   .   
           -     3     .    

         .  
 :         .                 

 .                   .  
  :                   

       .                
         .                   

      .  

-   

   :                      
             .                

                          
           .  

                                                      
1- Abrasion 
2- Stratified 
3- Sacrificial Anode 
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 :                          
        .  

 :               .        
            .  

 :                          
      .  

  :                   
      .        .  

-   

                   .    
                       .  

             .         
                     .  

-     

                     .  
                       .  

                .            
                           

                .  

-      

             .        
                     

   .  
                         
     .                        

                .  
                           

 5  5-3-        .  
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 :                       

              .  
   :                         

       .                     
  .                       

      .           .      
                         

                            
       .              

   .                       
                    .  

 :                  .     
                       

    .                    
                      
         .  

 :                    .
              5/0     .  

  :                   . 
                    

              .       
                        

    .                       
    .  
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                          6-      
        .  

-     

                        
            .           

                       -
     -    .            

               .       
         .  

                          1-3-10- 
                )   

   (    2  2-4-       .  

1 -4-14-       

               :  
             . 

     )     (                
 )   (                    

.              » 5  5-2-         
5-5-       « .  
                        

  .          .      10     
 )EM 385-1-1 .(                    

        .             
   . 

           )         (        
 . 

                     
                    

              .  
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1 -4-15-       

   ) (                    
       .                 .   

         6  6-3-         .  

1-5-          

                .      
             .               

   .  

1 -5-1 -         

1 -5 -1-1-       

                        
   .  

1 -5 -1-2-              

               .    1  
                        .  

1 -5 -1-3-              

            .            
                 .  

1 -5 -1-4-             

                           
        .  

                                                      
1- Overwash 
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1 -5 -1-5-              

                   )        (
                 .          

          .  

1 -5 -1-6-         

                                
          .                

    1-7-2-            .         
       ) (                  

  .                    .  

1 -5 -1-7-             

                        
  .                       

     .          .  

1 -5 -1-8-          

                             
        .                  

  .                   .  

1 -5 -1-9-       

              1/0  25/0      .      
     )IPCC(1                    2/0  

5/0    .             .         
5/0       100/1        50   .  

                                                      
1- International Panel on Climate Change (IPCC) 
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1 -5 -1-10 -     
1                             

    .        .             
                  .      

                  .  

1 -5 -1-11 -             

                     
    .  

1 -5-2 -         

         .              
                           

       .                       
                .  

                     1-4-1-                
1-4-9-        .           .  

1 -5 -2-1-                

                        
2     .            .           
       :  

       :           . 

       

            
                           

)1-27(     .                   
    .  
  

                                                      
1- Subsidence 
2- Active Protection Structures 
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           :  
  1        

      
  2       )   (    

      3  
                :  

               

            4 

          

 

 

  

 
 

  

  

   

   

   

       
      

   

  
 1 -27 -                    

1 -5 -2-2-            

                    5       
    .                   .  

                           
                           

               .            
     .  

                                                      
1- Groin 
2- Jetty 
3- Detached Breakwater 
4- Surf-Zone 
5- Passive Protection Structures 
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1 -5 -2-3-              

                          
              - 1    2    .  

   )1-28(                 :  
          . 

           )QB (     )QR(  
              QS1 = QR + QB   .  

            QS1            
   )1 (       .  

                 )QS1 = QR + QB (      
   -      .         –         

         -              
       .       )1-25(      Q2 < Q1    

      .  
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)3-22 (          .            

              .  
                        

   )      (              
                       .  

3 -2 -7-3-      

               .         
      .                     

 .                   .   
                   .         

  )     (                   
         .                 
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   .                    
       .                

                .  

3 -2 -7-4-      

                    .    
                     .  

3 -2-8 -   1  

3 -2 -8-1-    

                         
                    .     

                  .        
            :      .  

               :  
    
      

      

                         
              .  

3 -2 -8-2-      

                          
                  .            

                    .   
             )3-23 (   .  

  
  
  
  

                                                      
1- Geosynthetic 
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 3 -23 -         

             :  
           . 

            . 

                     . 

             . 

                            
       .  

        :  
                . 

                     
           . 

               . 
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3 -2 -8-3-      

                           
  .      :  

            
            

                       

             

     

               

3 -2 -8-3-1-   

                        
                )1994 Koerner.(            

            )  (         
     .                         

                        . 
            .  )3-24(           

          .  
                         

                     . 
                         

                  .        
  ) 3-24  3-25( .                   

  ) (       .                 
                 .            

    .                    
  .        .  

           .           
  .                 1        

                                                      
1- Reflective 
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          .                       
                        .   
                .         

 )3-26 (   .  
     ) (         AC   .      

                            
         .                    

              . 

  
 3 -24 -            

 

  
                                                                                  

 3 -25 -       -     -     
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 3 -26 -        

    AC                  
 .                  .       

                .          
    1        .  

3 -2 -8-3-2-    

                       
       .                    

     .                 
      .        )3-27 (   .  

                        
     .                        

     .                       
        .  

                          .  
                                 

                  .  

                                                      
1- Tack Coat 
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 3 -27 -       

3 -2 -8-3-3-      

                               
 )    (   )       (       

  )1994 Koerner,(.  
       »1 «               

   .                     
  .  

            .         
                       .  

             2     .     
                    .  

     )    (                 
      .                

   .                    )3 -28 (
   .  

  
  

                                                      
1- Geogrid 
2- Shear Strength 
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 3 -28 -          

                .     
                    .    

                           
   .                    .  

)3-29 (             .  

 

             
.      

  
 3 -29 -              
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3 -2 -8-3-4-   

                        
   .            )3-30 (       .       

                  .         
                  )       (   .    

                            
     .                         

   .  
                              

 )  (               .         
             .                 

          .                . 
                      .  

                         
     .                   

               .  

  
 3 -30 -              
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           )    (      
        .                

         .                 
  1        .                

         .                
               .          )3-31 (    

 .  

  
 3 -31 -           

3 -2 -8-3-5-   

                       
            .        

                   .  
          2                 

                .                 
)3-32 (    .                   

      .         3      
 .                  ) 3-33.(  

                                                      
1- Landfill 
2- Geonet 
3- Needle-Punched 
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 3 -32 -            

    
 3 -33 -            

                          
         .             

                  .    
                     .         

                        
                .         

           .  
                        

        .                   
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          1 )HDPE (   .              
                              .

                         
       .  

                    10000     
      3000         .       

          .                    
  .  

3 -2 -8-3-6-    

             .           (HDPE) 
   .           ) 5/0  5/2   (       

    .  
                .         

                           
  .                       

                       
   .  )3-34 (                .  

  
 3 -34 -             

                                                      
1- High Density Poly Ethylene 
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             :  
        

        

       

     

       

     

           

       40-   70    

        

      

                    

          

         1    GCL     .           
            .             

                  .           
                        

)3-35 (                     .  
                           

  . )3-36 (              .  
GCL            . GCL            

       .  GCL      :  
         
               

                 

        GCL              
 .   GCL         .     )        

    (              .     
        .  

                                                      
1- Geosynthetic Clay Liner (GCL) 
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 3 -35 -              GCL   

  
 3 -36 -  GCL         

  GCL                        
         .                    
     .     4000   GCL         

 40       5           .                 
)3 -37 (   .  
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 3 -37 -     GCL        

  
  

    
GCL 

   

   

   Secumat 

  
    Bentofix

  Terraf ix

  Bentof ix GCL      
        

  
 3 -38 -            

              .            
                .         

           .                 
          »3-3-7-     «          .

            )3-38 (   .  

3 -2 -8-4-      

           :  
                         

       .  
             .  
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                 .  
                     
      

                         
                      .     

                          
    .                      .       

                        
        .                     

     .  
                       

                          
                 .         

                               
                    .  

                               
                            

             .           
          .  

                  :    
)1382(          )1383(       MTBE        )1383(   

     2  3  )1380(           )1375(          
 )1374 (       )1380.(  

3-3-         

                  .     
                       »3-2-    

        « .  
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3 -3-1 -     

                   1 
  .          .         :  

          .  
     .  
  2       .  
      2900-2-1110 EM   .  
          .  
            .  
              .  
       3   .  
                        

       4    .  
         5   .  
     .  
     .  
      6    .  
        .  

           .  

3 -3 -1-1-          

                         
        .                   
              .  

  
  

                                                      
1- Undermining 
2- Configuration 
3- Underdrainage 
4- Ditch 
5- Flanking 
6- Backfill  
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-    

             )     (      .  
                              .

  4                            
        .  

-    

                 SPM            
   .           .             

                         .  

-      

                    .         
    .                  
        .                

        .              
 .                        
    .         .             
                 50        

     3    .  )1-18(         1305   1383   
  .            .  

3 -3 -1-2-       

                             
                 .      

                           
  .                          

             .             
           .  
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-    

                .    Hs       
           .    H10   H1           H10 

 10     H1        .        :  

10 sH 1.27 H  

1 sH 1.67 H  
             )   (     )Hmo .(    

Hs   Hmo      .        1       .  
      Hs         :  

)3-1(  
1C

s
0 2

mo p

H d
exp C

H gT
 

   C0  C1       00089/0  834/0   .d       )   
 ( g     . Tp        .  

      2
pd (gT ) 2           .  

Goda )1985 (                       
                   .  

-     

                Tp    .      
             )Tz (       )Ts      

     (     .                  
)3-2 (  .  

 3-2-        
Tz/Tp  Ts/Tp      

67/0  80/0     *  -  
74/0  88/0   - **  0/1  
80/0  93/0   **  3/3  
87/0  96/0       **  0/10  

*        Ahrens (1987)  
**   Goda (1987)  

                                                      
1- Shoaling 
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-        

                           . 
                        

  H1   .                H1  H10       
 .       H10  Hs   .  

-     

                   . 
                       

  .                             
   .  

                       
 ) ADCP (       .             

     .                     
     .                     

                   .  
                     .     

                  .           
     .  

                            
    .                     

     .                
        .  

     )       (  .           
       .              .       

                         
 .               .            

            .             CEM 
SPM Wilson  SMB  .  
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               .                  
          .          1     

 2            3     .     
                 .           

              .         
  .  

                -    .       
          ) (                . 
                         .  
                   WAM4WAVEWATCH 

III  SWAN5  Mike21  .          »      «  
                .           

               MIKE21 SW    10     
                   .         

               1-3-1-5  1-3-3-5  .  

-     ) (  

                             
     )      (               .  )3-39 (

)Weggel 1972 (      )Hb (      )ds(     )m (   
     .                     

 .  
          Hmo           .  

   Hmo      .  

)3-2(  mo max p
p

2 d
(H ) 0.10L tanh( )

L
 

 LP        Tp  d  .  

                                                      
1- Artificial Neural Network (ANN) 
2- Fuzzy Inference System (FIS) 
3- Evolutionary Optimization 
4- WAve Model 
5- Simulating WAves Nearshore 
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b sH / d

m 0.1(1:10)

m 0.07(1:14)

m 0.05(1: 20)

m 0.03(1:33)

m 0.02(1:50)
m 0.01(1:100)

m 0.0(1: )

2
sd / gT

  
 3 -39 -       

-     

                           
  .                         .    

                              
                )      (

 . 

  1                     
    .                       

        )         (            
)       (  .  

                                                      
1- Extreme Value Analysis 
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                    .     

                   .             
)            (          .           

                      .  
                      .    

                       .      
                          

   .  

           

                .            
  )   (         .          
                           

 .         .                   
    .     )AMS(1                     

   )PDS(2     )(        .             
   )   (          )   (3     .  

     )POT(4     .             
              .              

     20   .                   
      .             .  

     

                            
       .                  

  .          :  
f (x):     

                                                      
1- Annual Maximum Series 
2- Partial Distribution Series 
3- Threshold 
4- Peaks Over Threshold 
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F(x):     

px:   x     p  

:  1  
:  2  
 : 3  

 4:  

0 , x 
1 x x

f (x) exp[ exp( )]  

x
F(x) exp[ exp( )] 

px ln[ ln(p)] 

   5                  )x0 (    
  .   )g(x) (    )G(x) (   x      p )xp (    

     f(x)      F(x)       .  

0

f (x)
g(x)

1 F(x )
 

0

0

f (x) f (x )
G(x)

1 F(x )
 

p 0 0x ln [ ln(F(x ) (1 F(x ))p)]  

 6:  

0 , k 0 , x 
k 1 kk x x

f (x) ( ) exp[ ( ) ]  

kx
F(x) 1 exp[ ( ) ]  

1
k

px [ ln(1 p)] 
kx

F(x) exp[ ( ) ] 

1
k

px [ ln(p)] 

                                                      
1- Location Parameter 
2- Scale Parameter 
3- Shape Parameter 
4- Gumbel Distribution 
5- Truncated Gumbel Distribution 
6- Weibull Distribution 
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  1:  

   x       Y ln(x )     .y  y
2       

 Y  .  
y 0 , x 

y 2

yy

ln(x )1 1
f (x) exp[ ( ) ]

2(x ) 2  
y

y

ln(x )
F(x) ( )  

1
p y yx exp[( (p)]  

   (0) 1(0) F(x) px     . 

3 -3 -1-3-          

        .                   
          .  

                            
   .                      

   .                 . )3-40 (      
     .  

             .       
      .                       

         . )3-41 (         . 

                     .      
   )3-42 (    .           .     

               .            
   .                      .

          )3-43 (   .  

                                                      
1- Log Normal Distribution 
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 3 -40 -       

  
 3 -41 -       
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R 

 

 3 -42 -             

  
 3 -43 -         

3 -3 -1-4-      

             2900-2-1110 EM    .  

3 -3 -1-5-        )      (  

                               
         .       :           

                             .
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                     .         

                                
       .               .  

             .              
      .                  

    .                  .  

  
 3 -44 -              )Burcharth, 1993(  

  

 3-3-        )  (  
   n     )cot (  KD  

  

   2    5/1  3  2/1  
      3    5/1  3  6/1  

    1    5/1  3      
    2    5/1  3  2  
       3    5/1  3  2/2  
    2    5/1  3  7  20  

     2    2  6  2/2  

 
 

  

  2    5/1  3  7  
   2    5/1  3  9  
   1    5/1  3  12  

  2    2  3  15  
- n                   .  
-                   .  
-             5/1  )5  (   .  
-              W50   .  
-        1  2          .  
-         )3  5      (     .      )    
 2  (     KD  50   .  

  



154          

 

               )Hudson, 1961 ( :  

)3-3(  
3

r

r
D

w

H
W

K 1 cot

 

   W        r     H       1 KD   
     )3-3(w                .       

    0.75W  1.25W    50      W  .   H      
5/1  )5  (            )3-3 (       .  

             .          
                 .  

 )3-3 (          .  )3-3 (    :  

)3-4(  s 1

3 r

r w

H
N

W

1

  

   :  

)3-5(  
1

3
S DN (K cot )  

    )3-4 ( )3-5 ( W    . 

              :  

)3-6(  
1

2
SS SSN 1.14cot N  

 Nss         14/1   Ahrens 1981a    .   
      Van der meer and Pilarczyk (1987)          .  

   2:  

)3-7(  
0.2

0.18 0.5
S Z

S
N 6.2P

N
 

  
   3   :  

)3-8(  
0.2

0.13 P
S Z

S
N 1.0P cot

N
 

                                                      
1- Monochromatic 
2- Plunging 
3- Surging 
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   P   S    N     . P  1/0       
   6/0         .       1:2  1:3  s  2 

    1:4  1:6  s  3   .   )N (    )3-7 ( )3-8 (    N 
 1000  7000    .   7000  N           .  
        P  S Van der meer (1988 a,b)     . 

 )3-7 ( )3-8 (                     .
Van der meer             :  

)3-9(    
  2H      2    .  2 SH 1.40 H       )2-9 (

  .  

-     

  SPM            :  

)3-10(  
1
3

r

W
r nk

W
 

   :  
r:     
n:        . 2n=  . 

k:   )  3-4(  
  

 3-4-          

   n  K  P (%)  
 )(  2    1  38  

 )(  2    1  37  
 )(      3    1  40  

     2        37  
  2    04/1  50  

   2    02/1  54  
   1    13/1  47  

  2    94/0  56  
-       2    W50   25/1  W100  .  

  

            A       :  

)3-11(  
2

3r
r

wP
N Ank 1

100 W
 

 P     ) 3-4 ( .  
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-     1  

         2        W50  .       
    .   rmin  25                 

 1    .:  

)3-12(  
1 1

3 350,min 100
min

r r

W W
r max 2.0 ;1.25 ;1ft  

rmin         .                
    .        W50              

 .         )EM 1110-2-:(  
1-    W50 )W50,min (         )3-3 ( . 

2-       )W100,max (                
        4  W50,min . 

3-     W100 )W100,min (    2  W50,min . 

4-     W50 )W50 , max (  5/1  )W50,min ( . 

5-     W15 )W15,min(     4/0  )W50,min (. 

6-     W15 )W15,max (               )EM 1110-2-

1901 .(      )W50,min (. 

7 -         W15,min                  
     .                .  
                 )W50,min(      .

  W50      W50                
   .           2   . 

-     

                            
          .    3              .

                          
                  )  (.  

                                                      
1- Graded Riprap 
2- Segregation 
3- Reserve Stability 
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  )k (      5        .  )3-5(       
         .         )0 =HD  (   )3-

3(      .        0  =HD              
         .                 

                            
            .               
              .     )7-8(       
 )SPM (  .    SPM                   30 
   .                     

   30    .           .  
              Ahrens (1981a)   .    

                    .  

 3-5- H/HD=0         )H/HD=0     (  

  D0 % 5D5 % 10  D10 % 15  D15 % 20  D20 % 25  
 )(  1  08/1  14/1  20/1  29/1  
 ) (  1  08/1  19/1  27/1  37/1  

  1  09/1  17/1  24/1  32/1  
   1  11/1  25/1  36/1  50/1  

  1  10/1  14/1  17/1  20/1  

3 -3 -1-6-            

     ) (               
   .  

       )SWL (            .      
         .  

-       

                         
)Ahrens and hermbaugh, 1988:(  

)3-13(  max

mo

R a

H 1 b
  

   maxR      SWL a b     022/1  247/0     
   .  
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)3-14(  
1

2
mo
2
P

tan

2 H

gT

 

           .               :  

)3-15(  
2
p

o

gT
L

2
 

             .             
       ) 3-45(.  

    maxR   286/1   a   )3-13 (    .    
                     . 

                            
       )3 -6 (  .     )3 -6 (          

    .  
         )3-6 (         maxR        

 )3-13 (    )3-6 (               .  
  maxR         1:1.5maxR          )3-13 ( 25/1=60/75/0 

)           (      .       maxR   
   25        .  

 

 

 

  

z 5

z 3

z 1.5

  
 3 -45 -         
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-       

                  SPM    .    
    SPM                   .   

sH        SPM              50       
    sH             .          

 )3-13 (      )                     
 )3-6 (  .  

-     

                SPM  .  

3 -3 -1-7-              

                         
   .                          

      .                .  

 3-6-         

    )cot (    H/Kr    )r(  
  5/1 3  4  60/0  
 5/2  3  4  63/0  
 5/3  3  4 60/0  
 5  3 60/0  
 5  4  68/0  
 5  5  72/0  

      6  93/0  
   1   5/1  1 H0/ Kr  75/0  

      2  1 H0/ Kr  75/0  
     3  1 H0/ Kr  70/0  

     3  1 H0/ Kr  86/0  
      3/1  3  - 45/0  
      3/1  3  -  51/0  

      3/1  3 -  45/0  
      3/1  3 -  50/0  

  
               :  

                                                      
1- Riser 
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)3-16(  1 2C F C m
0Q C e e 

  Q           :  

)3-17(  
3 1/2
mo

Q
Q

(gH )
 

  Q      .F   )3-16 (        :  

)3-18(  
2 1/2
mo o

F
F

(H L )
 

   F     )    SWL ( .m   )3-16 (        
  :  

Co  0.4578  

1C  29.45  

3C  0.8464  

    43/0 F 25/0    1:2  5/3 : 1  .  
                      

        .      Ward and Ahrans 1992       . 
                       

   :  

)3-19(  0 1 2
s

F
Q C exp C F C

d
 

   Q   )3-17 ( F   )3-18 ( .sd              
 :  

Co  0.338  

C1  7.385  
C2  2.178  

        Ward and Ahrans 1992             
 .  

3 -3 -1-8-        

         .        3-3-7-5   .  

3 -3 -1-9-          

                       
        .  
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3 -3 -1-10 -       1  

            .            
                .  2    

        . 

3 -3 -1-11 -      

                 3    
  .         )   (    4 

             .           
               .      

           .           
        .    Eckert 1983   .  

-     

           .         
         .                
  .               :  

)3-20(  3
r

min 3
3 r
S

w

H
W

N 1

 

  sN                     )2-7( 
 SPM    .                )3-3 ( )    (

       )3-20 (  .     )3-20 (          )3-3 (
      .  

                 .           
        .                  

      EM1110-2-1001   .                   
                  .       

                                                      
1- Flanking 
2- Return Section 
3- Undercutting 
4- Backwash 
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     .                     
             .  

          EM 1110-2-10601           
                 )3-46 (   .    
       .  

                   .  V, IV, II, 

I             .  III  VI       )   
                (  .        

  III                           
   .  

 

a H 
H  : 

  

(I)

(II)

(III)

(IV)

(V)

(VI)

  
 3 -46 -     )  I  VI(  

I (            
II (              

III (              
IV (                
V (                

VI (                
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-       

                   
   .                        

  .                        
 .                     .   
                   .       
   )3 -47(    .  

  
 3 -47 -         

I (               
II (               

III (      ) (          
IV (                      
V (               

VI (               
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                       .
                        .
                     .     

  Richert and Schmertman 1958   .  
   1        .              

 )  3 -48 (  .  )B (         Rankine   
  Eckert 1983   .                    . 
                      

  .        40       ds  .          
                     .        

2       .  
          )3-49) (Brebner and Donnelly (1962   .      

 H1  H10    .      dt           .    
              dt    .         

       0.5w  1.5w  .  

 
:   

:   

(     )

  
 3 -48 -          

                                                      
1- Toe Apron 
2- Unraveling 
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) 
 

 
 

N
s

 (
 

)  d1/d0 ( 

  
  

1d

0d

  
 3 -49 -  Ns        

3 -3 -1-12 -    

                              
  .                            

              .        1 
    2        .           :  

)3-21(  15upper

85under

d
4

d
 

-        

             :  

)3-22(  15filter 15filter

85soil 15soil

d d
4to5

d d
  

                                                      
1- Erosion 
2- Gullies 
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        1                 
  .                  .            

                .  

-           

             )3-23 ( :  

)3-23(  15armor

85filter

d
4

d
  

    )3-10 (                 )n    )3-10 (
  1   .(        )3-22 (                

                .           
          )3-23 (            .  

                          
                .             

DK 12                  .  

-     

         )EOS(2            U.S.    
         .             EOS  .
           )  (   50  )     200(    

  )3-24 (  :  

)3-24(  seive

85soil

EOS
1

d
 

      EOS         70   .          EOS  
   100                85        
200         .               

     .   3      3    .     
  4    :        1        )i1 (    

  2    1  3    )i2:(  

                                                      
1- Piping 
2- Equivalent Opening Size (EOS) 
3- Gradient Ratio 
4- Head Permeability Test 
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)3-25(  1

2

i
Gradient ratio 3

i
 

-     

                          
      .             .  
                        

   .                ) 5/1      (
                       10         .       

        .  
        )3-50(                   

            .  
         .                  30 

  )12  (             )3  (  .         
                    .        

        60   5/1  )2  5  (       .  
                    .  

     

      

      

        

    
  

 3 -50 -              
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3 -3 -1-13 -         

                 .       
           .  

3 -3 -1-14 -     

                     .     
                         .  

3 -3-2 -    

3 -3 -2-1-     

 1                      
   2            .       

     ) 3-51 .(                 
                         .

           .  
             .            

          .             
            .           

        .  

 

 

  

  
 

  
 3 -51 -      

                                                      
1- Revetment 
2- Scarp 
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3 -3 -2-2-      

         )3-52 (  .  

 

         

 

    

  
 3 -52 -         
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3 -3 -2-3-     

        :  
-           )  3-3-1-1  .(  
-       )  3-3-1-2  .(  
-              .  
-        )  3-3-1-5  .(  
 -              )  3-3-1-6  .(  

-                )  3-3-1-7  .(  
-            )  3-3-1-8  (.  
-                         

          )  3-3-1-9   .(  
-              )  3-3-1-10  .(  
-       )  3-3-1-11  .(  
-          )  3-3-1-12  .(  
-            .  
-         .  

3 -3-3 -    

3 -3 -3-1-    

               1         
           .             

                     .  
             .    ) (      
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  Floating platform   
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  Geogrid  
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  Geosynthetic    

  Geosynthetic Clay Liner (GCL)       
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  Gradient ratio   
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  Greenhouse effect     

  Groin  
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  Guideline  
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  Head  

  Head permeability test     

  High Density Poly Ethylene (HDPE)      

  High-tech    



364          

 

  Hoist  

  Hoist moment over front      

  Hoist moment over side      

  Hurricane  

  Hydraulic grapple   

  Hydrography  
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  Igneous rock    

  Immediate settlement   

  In situ    

  Individually placed   

  Inflation  

  Interest  

  Interlocking     

  Isotropic  

  

 J  

  Jar samples     

  Jetty  

  

 L  

  Lagoon  

  Land reclamation   

  Large Eddy Simulation (LES)      

  Levee   

  Lifetime   

  Lift force   
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  Phase-resolved   
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  Plactic deformation    
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  Quick triaxial test     

  Quick-release hook   
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  Recurring events    
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  Reflective  
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  Relative buoyant density     

  Relative compaction    

  Relative density   

  Remote sensing     
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  Shelby-tube samples      

  Shields criterion   

  Shoaling  

  Shore beacon   

  Shore face    

  Side- stone dumping      

  Side-scan sonar     

  Significant wave height (Hs)    

  Single-beam transduce     

  Sink  

  Slack time    

  Sliding  

  Sling  

  Slope Steepening   

  Source  

  Spiral-shaped bay   

  Spit beach    

  Split-hopper barge     

  Spot repair method     

  Spreading width    

  Stability number   

  Stone porosity   

  Storm surge   



370          

 

  Straight beach   
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