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تعالیسمهاب

                                                           
 

هاي اجرایی، مهندسان مشاور و پیمانکارانبخشنامه به دستگاه
1396/08/29

اهراه بتنی روسازي نگهداري و اجرا طراحی، دستورالعملموضوع: 

هاي توسعه م دائمی برنامهاحکا) قانون 34(ماده موضوع  رکشویکپارچه فنی و اجرایی  نظام در چارچوب
 -عمرانیهاي طرحنامه استانداردهاي اجرایی ) آیین7) و (6) قانون برنامه و بودجه و مواد (23(ماده و  کشور

 ی،طراح دستورالعمل«، با عنوان اجراییو امور نظام فنی 731، به پیوست ضابطه شماره 1352مصوب سال 
شود. از نوع گروه دوم ابلاغ می» هاراه بتنی روسازي نگهداري و اجرا

اي هنمرا"با عنوان  354نشریه شماره الزامی است و  01/01/1397رعایت کامل مفاد این ضابطه از تاریخ 
ضوابط این همچنین  اقد اعتبار خواهد بود.ف "طراحی و اجراي بتن غلتکی در روسازي راههاي کشور

 ارجح، "مشخصات فنی و عمومی راه"با عنوان  101شماره  ضابطهتجدید نظر دوم  نسبت بهدستورالعمل 
 .است

ر وابط و معیارها در حدود مشخص شده در این ضابطه، با توجه به شرایط خاص کار مورد نظانتخاب ض
شوند، یگذاري بخش غیر دولتی تامین اعتبار مهایی که از محل سرمایهباشد. با این وجود در مورد پروژهمی

لازم است حدود انتخابی معیارهاي یادشده، به تایید کارفرما برسد.

ین کننده نظرات و پیشنهادهاي اصلاحی در مورد مفاد ادریافت این سازمان اجرایی و امور نظام فنی
.ضابطه بوده و اصلاحات لازم را اعلام خواهد کرد

ریا॥ت ट॒ࢭوری ฬୀه و রود೬ه ইورسازمان 
 رییس سازمان
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3- Jointed Reinforced Concrete Pavement (JRCP)
4- Continuous Reinforced Concrete Pavement (CRCP) 
5- Prestressed Concrete Pavement (PCP) 
6- Roller Compacted Concrete Pavement (RCCP) 
7- Pervious concrete or Porous concrete
8- Precast concrete pavement 
9- Concrete block paving 
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10- Dowel Bars 
11- Aggregate Interlocking
12 - Tie Bar 
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17- Roller Compacted Concrete Pavement 
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20- Pervious concrete pavement (Porous concrete pavement) 
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 )*nI 001/0(        

)** ksi(  
  

)**ksi(

   
)%(  

 
   0/40-0/4  80/7  29000 50-250  5/3  

   0/13-4/0  80/7  23200 300 0/3

 
 E  4/0  50/2  10440 500 8/4  
  (AR)5/070/2  11600 360 6/3  

 
       

  0/8-0/4  90/0  725 65 18 
   0/160-0/20  90/0  500 80-110  8 

  0/40-0/1  96/0  725-25000  435-29  3-80  
  0/3-4/0  38/1  1450-2500  80-170  10-50  

 2/0-7/0  18/1  2600 30-145  28-50  
      

 29  47/0  44/1  9000 525 6/3  
 49  4/0  44/1  17000 525 5/2  

 
 004/0-8/0  40/3  28400 29-260  2-3  
 0008/0-2/1  60/2  23800 500 2-6  

 
 1 (  )  30/0  90/1  55100 260 5/0-7/0  

 2 (  )35/0  90/1  33400 380 0/1-5/1  

 
  8/0-7/4  50/1  1450-5800  44-131  --- 

 0/8 <--- 1890-3770  41-82  3-5  
  0/4-0/16  12/1-15/1  2760-3770  17-29  10-25  

 0/2-0/16  50/1  4790-5800  51-73  --- 
 0/4-0/20  02/1-04/1  3770-4640  36-51  5/1-9/1  

0/17  96/0  76-464  --- --- 
* 1in.=25.4mm 

 **1ksi=1000psi=6.89kPa 
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    psi 4000  psi 15000    (          6   )15 
(       pci 230   )      .2-11    (

        psi 4000     5 ) 152     (
    pci 230             (     )

pci 300        .)2-12)   (2-10          (pci 
300  (     )    9  )23  (    78   .  

     )    2-19 ( .         

 12  ru  60/0  )      .2-12 )   (2-10    (     
 60     9 ) 23     (   pci 540     .  

)      2-13     (     pci 540  LS   1   )LS 
   )   2-18 (    (       

       pci 170 .    
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 2 -19 -      
)3MN/m271./=3lb/in1pci=1 kPa 89/6psi=1(  

6  5  4  3  2  1  
  

ru  
 )2 -12  
 2 -10(  

    
)    pci( 

 )2 -11(  

    
)pci(     ) (

 )2 -9(  

   
 SBE )psi(  

  
 RM) psi(  

  

78/0  300  230  15000  4000  
 

          

78/0  300  230  15000  4000  

          

60/0  540  410  20000  7000  
  

          

60/0  540  410  20000  7000  
  

          

60/0  540  410  20000  7000  
  

          

60/0  540  410  20000  7000  
  

          

60/0  540  410  20000  7000  
  

          

78/0  300  230  15000  4000  
  

          

35/0  1350  1100  50000  20000  
  

          

35/0  1350  1100  50000  20000  
  

          

35/0  1350  1100  50000  20000  
  

          

86/0  230  160  15000  2500  
            

2-1-2-5-2 -    )Ec(  

           ASTM C469 )  2-11.   (  
)2 -11-        (   )cf  cE  psi(                                                                    c cE 57000 f   
)2 -11-)            (cf  cE  MPa                                       (                             c cE 4770 f                  
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   cE     cf                .  
    AASHTO T22 ASTM C39          6048   .   

    ) (       30 ) 300     
.  (    

2-1-2-5-3- )   Sc(  

    (  )    28          
      )AASHTO T97 ASTM C78      490 (      .

                   
                     ) 2-12 (

      .  
)2 -12                                                                           (                                  '

c c sS S z(SD )  
   '

cS   )  psi (cS      )psi( sSD     
   )psi  (z )        2-20 (   .     

   )     (   4 ) 40     
 (.  

 2 -20-   Z )    2 -11(  
     

       z 

20  841/0  

15  037/1  

10  282/1  

5  645/1  

1  327/2  

  
                       

   (   )   ) 2-13- () 2-13-   (:  
)2 -13-(         30  35  :                                 8.3+c=fcmf   
)2 -13- (           35  :                                5+cf1.1=cmf  
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   cf  cmf                  .
  )    2-14- () 2-14-  (          )'

cS(    
    )cm(f  .    

)2 -14- (   '
cS)  cmf  psi(                                                         cm10 f          '

c cmS 8 f   
)2 -14- (   '

cS)  cmf  MPa(                                                         cm0.83 f  '
c cmS 0.66 f   

2-1-2-6-     

          )   dC    (    .
                         
  .          50        

 .                   ) 2-21 (
   .   

 2 -21 - )  dC    (  

       
          

  1 1  
 )(  

5 -1 1  
 )(  

25 -5 1  
(  )  

25 1  
  ) (  

  2   20/1 -25/1  15/1 -20/1  10/1 -15/1  10/1  

  1   15/1 -20/1  10/1 -15/1  00/1 -10/1  00/1  

   1   10/1 -15/1  00/1 -10/1  90/0 -00/1  90/0  

  1   00/1 -10/1  90/0 -00/1  80/0 -90/0  80/0  
      90/0 -00/1  80/0 -90/0  70/0 -80/0  70/0  

        1-           50      50  250    
    500- 250          500  .     

2-1-2-7- )   J (  

               )    J   (
 )     .        (          

  .) 2-22  (J       .       
                       

 J .     
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 2 -22- )    J  (        

       )   J(  

  
  
  

2/3  
4/4-8/3  

  ) (    
   

  
1/3-5/2  
2/4-6/3  

2-1-3-         

   )(   )  2-15)   (2-14 (  .  

)2 -15             (T
' 0.75
c d

18 R o t7

8.46
0.75

0.25
c

PSIlog
S C (D -1.132)4.5 1.5log(W ) Z S 7.35log(D 1) 0.06 (4.22 0.32p )log

1.624 101
18.42(D 1) 215.63J D -

E
K

  

   18W     2/8     RZ    0S     D 
)   ( TPSI       tP        cS'   
   )psi( dC   J       cE       )psi(  k   
   )pci(  .  

        )     )     )   (3-2-7   (
 (    2    1        .  
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 2 -
14 - 

 
 

 
 

  
)3

m
M

N
/

27
1

./=3
lb

/in
1

pc
i=

1 
kP

a
 

89/6
ps

i=
1(  
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 2-

14 - 
 

 
 

 
  

)
m

m
 4/

25
in

=
1(  



7610/8/1396         

2-1-4 -         

                         
         (   )       . 

            :       25   26/   27   
28 :           .( )  

-       :               
       .         

     .          .      
                        

             .               

                  .  
-         :     .      

                    .
                             

    )   30  45 (    .  
-     /     :            

       (          )     .     
                      
               20 )     
 (    4  )          (   

)             .(         
       29              

                          
    .  

 )2-15)  (2-21 (           .  

25- Contraction joint 
26- Expansion joint 
27- Isolation joint 
28- Construction joint 
29- Manhole 
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2 -15-      ) (   2 -16 -      ) (  

  
2 -17 -   ) (  

  
2 -18-   )  (    

  

 2 -19-        

  

 2 -20 -       
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 2 -21-      

                       
 )30(   ( ) .                   

        .  )      (
                     

               . 

                   .
                       

 .                    
      31        .     

)           1
8

        (

 30      45      .       32 
  .                     .

           15        .   
     400S )   400  (   500S    ) 500   (

  .  

30- Dowel bar 
31- Bond breaker 
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              )  32( )    (  .
                400S )     

400  (  16    75           75    
   .40          .          

              .  

2-1-4-1-         

        .                  
 .                      

    )JPCP(   (   )     2      
            .  (   )8 ) 20  (  

16 ) 5  .  (          25/1     .    
      5   .        5        

.  
             /     

    .             )     
           (           

 .   
.                 

2-1-4-2-         

                       
           .       .

            .           
  6/0   )   (65/3    )  .   (         

                     
             ( )            

       .  

32- Tie bar 
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      :  
1-                    
2-                .  

                          
                       
               .  

          )    5/3 5 4  5/4   (        
         .         

                      
       .               

              .  

2-1-4-3-          

     )   (             

      (   )     .      1
3

     

     .     33 34   35    .    
            4  24         .  

               .       
                   .  

     )      (              
)     2-16  (.  

)2 -16                                                                                         (100
)(

S
ZDTCL

L Dc  

   L                    )
 (S    )       25   35        .

   25       .          S   25    
(c  /     )2-23( Z           )

33- Sawing 
34- Inserts 
35- Forming 
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              (     )2-24( L     
 DDT  ( )   C               .  C  

       65/0         8/0      
.  

 2 -23-  /        
  

)(  
 /    

 )Fo/1 6-10(   )Co/1 6-10(  

  6/6  9/11  
   5/6  7/11  

  3/5  5/9  
  8/4  6/8  
   8/3  8/6  

 2 -24-                
     

 )in/in  mm/mm(  )MPa()psi(

1/2    300    0008/0
8/2400  0006/0
5/350000045/0
2/46000003/0

9/4  700  0002/0
 

             3 .    
              .      

                    .      
                    )   
 .  (  
                   .   

     36 )     ( 37    .      
              AASHTO M173 AASHTO M282  ASTM D3405    

36- Field molded  
37- Premolded
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ASTM D3581-90         AASHTO M220  ASTM D2628  
 .     38    AASHTO M33 AASHTO M153  

AASHTO M213   .  
                      
39       .   (    )         

                      3   8 
    .      )  (40          

        .             
  ) )     3-3-8-9-5(   ( .   41   )

) D)   (W ((        5/0  2       
   10      13  .           

       .              
  1       5/0     .       

   1  .  
            .           

 20  50       .            
     3  8       .  

                        
 .     20     .         

  20  25        42             
   .  10       .        

   ) (     43   )  2-21 .(     
                        .

           25 .    

38- Preformed joint filler 
39- Sealant reservior 
40- Cord/ Backer rod 
41- Shape factor 
42- Joint filler material 
43- Cap 
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2-1-5-   44   

               .        
                    .    

                    
.  

   :       
-     
-        )   (  
-       
-     .  

          :      
-          
-            
-               
-         45.  

2-1-5-1 -      )  JPCP  (  )AC(  

      )2-22 () 2-23  (     .           
)2-22 (   :     

-          100  95       
-             
-                  .     

44- Transition zone/Transition slab 
45- Approach slab 
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 2 -22-         )JRCP  (  )AC       (  

) 2-23 (       JPCP  AC              
           )   (         
    .          5/1       

  .                        
          .      )   2-25( 

   .  

  
 2 -23 -         )JPCP  (  )AC     (  

 2 -25 -     
    )MPa(    )MPa(   ) MPa(  

1  20  6  410×11/2  

2  6  4  410×13/1  

3  30  16  410×58/2  
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2-1-5-2-      )  JPCP(    ) CRCP (  

 )       2-2-5-2.   (  

2-1-5-3-        )JPCP(      

        JPCP       ) 2 -24  (.  

  
 2 -24-      )  JPCP   (   

2-1-6-         

              .  
      2     65/3            3   5/1 

  .       2/8      40000000    
95/0    39/0    5/4    3   1  

 10        cm20 ) in8(     7    
    MPa 8/2 )psi 400(    )LS  (0    3kg/m 2400   

) pcf150(       MPa25 ) psi3571 .  (        
             cm5 ) in2.    (  

:  
   :  

   ) 2-7   (          10CBR=    psi9500 ) MPa5/66(   
  .      ) 2-10   (         7     psi400  

)MPa 8/2  (           psi510×6 )MPa4200  (  
  .) 2-9  (       in8 ) cm20    (          

psi 9500 )MPa 5/66(              psi 510×6 )MPa 4200 (
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      pci 1000 )3MN/m 277 (   .      
)LS   (  .     

0.5 0.5 6
c c cE 57000(f ) E 57000(3571) 3.4 10 psi (24000 MPa)  

c c c cS 8 f 10 f 8 3571 10 3571 478 597 S 550psi(3.8MPa)  

cm c cmf f 8.3(MPa) f 25 8.3 33.3MPa 4757psi  
' '
c cm cm cS 8 f 10 f 8 4757 10 4757 551 690 S 650 psi (4.5MPa)  

       )      2-22         (
     5/2  1/3       8/2  .  

   )      2-15 ( ) 2-14    (     
30       .                

  5             2     
  1           28 .     

               5          
 5/4     .  

   :     

cmd 5.328
8
1    36      

              30        
 45      .      400S  ) 400     (

           .            
    (  )               .  

   :    

             )   (  .   
                .400S )   400 

 (  16    75           75   .  
  40         .  

) 2-25 (             .  



 - 10/8/139687 

36 @300 L 450

Dowel Bar

16 @750 L 750

Tie Bar

150

150

400

1.5m

3.65m

3.65m

3m

400
4.5m

 

  
 2 -25 -               

2 -2 -     ) CRCP(  

2-2-1 -   

                      
          )             

    ( .                

           .            

                       .
) 2-26   (        .  
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 )CRCP(  

-   
 

 )   (     

   

 2 -26-      

2-2-2-        

                 
     )   J (    )  2-26 ( .  

 2 -26- )    J  (        

   )   J(  

  2/3-9/2  
  ) (    9/2-3/2  

2-2-3-          

                        
.     )       (              

        .  
                        
          .            

        .               
               .     

 .        (      )      
                        

         .          
     :     

-         )         
(  
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-      )                
     .(  

-     .  

2-2-3-1-         

            46        .  
 75        .  

          )   2-17 (  .  

)2 -17                                                                                                            (c a
t

s

LfP 100
2f

  

   tP    c    L     47 )      
               (af      

 )  2-27  (sf   48 )75   )  (   2-28     .(
             AASHTO M31M/M31 )ASTM A615/A615M (

AASHTO M322M/M322  )ASTM A996/A996M(           
          3132  .     

      400S )   400    (     14 16 
18   20    .  

     )   2-18.   (  

)2 -18                                                                                                      (          100
DP

A
Y

t

s  

   Y    sA       tP       )
2-17(  D    .        60    120     

  .  

                    
    .        .  

  

46- Steel working stress 
47 - Free longitudinal edges 
48- Steel working stress 
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 2 -27- )         af(  

        
   2/2  

     8/1  
     8/1  

     8/1  
   5/1  

    5/1  
   2/1  
   9/0  

 2 -28 -          

  
   

)MPa(  
  

)MPa(  
     

340S 500  340     

400S 600  400     

500S 650  500    

2-2-3-2-         

             :   

2-2-3-2-1 -     
        28           

)AASHTO T198 ASTM C496      6047(  .         
      86       .  

 2-2-3-2-2-  49  

    (  )        .          
                  

   .       28    .   
                .        

                   .    
   )   2-24 (   .  

49- Concrete shrinkage 
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2-2-3-2-3-      

                      
         .                

 .         )   2-23 (.      

2-2-3-2-4 -   

                 400S )     400 
   (   16 18  20   .       20      

                  .
              .      

        :  
-      10   5/2           

   23     

-        1
3

  1
2

         

-       5/7   .        )
3-3-5-1-1(   9     

-                
-          33   .        

           .              
     15         .        

                         
   )           (   

-        50    51    )  2-27  2-28(  .

              1
3

       .    

        2/1   .            
                     30 

              ) 2-28  (  .  

50- Staggered 
51- Skewed
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 2 -27 -             

  
 2 -28 -            

2-2-3-2-5-      

      Fo/1 6-10×5 )Co/1 6-10×9 (         
 .  

2-2-3-2-6-     

                   .
        52               

52- Average daily high temperature 
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.         53            
     . ) 2-19  (.  

)2 -19                                                                                                    (           D H LDT T T  
   DDT    HT             LT 

.              

2-2-3-2-7-      54  

                       
            .        

  )   2-29 .   (  
  

53- Average daily low temperature
54- Wheel load tensile stress 
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 2 -29-          

)3MN/m271./=3lb/in1pci=1 kPa 89/6psi=1 Kg 454/0N=45/4lb=1 mm 4/25in=1(  

2-2-3-2-8-  55  

           :      .56   
57   58        .          

    .  

55- Limitting criteria 
56- Crack spacing 
57- Crack width 
58- Steel stress

) 
 

in
.

( 
 D  

 
 

  
 

 
 )

(p
si

w
s  

)   lb(    
 k (pci)



 - 10/8/139695 

2-2-3-2-8-1-       

        59  60          .
              43/2  ) 8   (  

               07/1  ) 5/3   (
             .    )  2-20  )   (2-30 (

  .  

)2 -20                                                                (
t s1.457 0.25 0.476

c

w0.217 1.13 0.389

f
1.062(1+ ) (1+ ) (1+ )

1000 2
P = -1

(X) (1+ ) (1+1000Z)
1000

  

   P    tf     28   )psi (S       
 C     )  ( X  ) ( w          
) psi  (Z  28   )/ .  (  

 
 2 -30 -          

)kPa 89/6psi=1 mm4/25in=1 m 305/0ft=1(  

  

59- Spalling 
60- Pounchouts 
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2-2-3-2-8-2-       

                 .     
   1 ) 04/0  (  .                

                  .      
     )    2-21)   (2-31  ( .  

)2 -21                                                                                 (
t 1.435 0.484

w0.220 1.079

f
0.358(1+ ) (1+ )

1000P = -1
(CW) (1+ )

1000

  

   CW )  (  .      ) 2-20 (. 

  
 2 -31-          

)kPa 89/6psi=1 mm4/25in=1(  

2-2-3-2-8-3-      

    61                .    
   75       .  

) 2-29 (    62                400S 
   .        AASHTO T198 ASTM C496     
   6047   .  

61- Fracture 
62- Allowable mean steel working stress 
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 2 -29-   *   

    28    
   
)mm(  

14  16  20  

)MPa(  )psi(      
)ksi (MPa

1/2    300    )65 (455  )57 (399  )54 (378  
8/2400  )67 (469  )60 (420  )55 (385  
5/3500  )67 (469  )61 (427  )56 (392  
2/4600  )67 (469  )63 (441  )58 (406  
9/4700  )67 (469  )65 (455  )59 (413  

6/5    800    )67 (469  )67 (469  )60( 420  
                                      * 400S )  MPa 400 (.  

        )    2-22)   (2-32  ( .  

)2 -22                                                                       (
D1.8DT t0.155 1.493

100

w0.365 1.146 0.180
s

f
50.834(1+ ) (1+ )

1000P = -1
( ) (1+ ) (1+1000Z)

1000

  

   DDT    ) 63  (s      ) psi  .  (      
      .  

63- DT(oF)=1.8DT(oC) 
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 2 -32 -          

)C)oDT(8/1F)=oDT( kPa 89/6psi=1  psi 1000ksi=1 mm4/25in=1(  

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

               :  
1- )    2-20( )2-21 ( )2-22  () 2-30( )2-31 ( )2-32 (     

          .             
 43/2 ) 8 (    1 ) 04/0  (   minP            

  07/1 ) 5/3 ( maxP     .              
) 2-30) (2-31)  (2-32  (4/0  .   maxP   minP      

            maxP  minP      .    
    maxP     minP . ) 2-30 (       -

.  
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 2 -30 -            
        

   
  43/2 ) 8 (  =min1P  0.4%)min3, Pmin2, Pmin1=min (PminP 

 
 maxP   minP         

     maxp  minp  .  

 07/1 ) 5/3 (  =maxP  
  ) 1  )04/0 ((  =min2P  

    =min3P  

  
2- )    2-23)  (2-24(       .   

)2 -23 (                                                                                                 2Sminmin
D

WP01273.0=N   

)2 -24                                           (                                                   2Smaxmax
D

WP01273.0=N  

  min N      maxN         minP     
   maxP      SW    D           

             64   .   
3-            minN  maxN  .    

            )       
      (  .  

:  
              .  

   m 65/3 )ft 12   ( mm 241 )in 5/9   (      
kN 89 )lb 20000  (   3MN/m 1/46 )pci 170     ( MPa 
8/3 )psi 550   (in/in 0004/0     Comm/mm/ 6-10×9 )Foin/in/ 6-10×5 (

       Comm/mm/ 6-10×8/6 )Foin/in/ 6-10×8/3    ( 
Co5/30 )Fo 55.(      

:          16  )5
8

  (    .  

  ) 2-29(        mm 241 )in 5/9(        
  kN 89 )lb 20000   (   3MN/m 1/46 )pci 170 (      

)  w  (psi230  .  

64- Corrosion 
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-          )    )2 -20  ( )2-30(:(  
     8 :  

27.01-
)0004.010001()

1000
2301()8(

)
8
51()

108.32
1051()

1000
5501(062.1

1-
)10001()

1000
1()(

)1()
2

1()
1000

1(062.1

389.013.1217.0

476.025.0
6-

6-
457.1

8

389.013.1217.0

476.025.0457.1

ft

w

c

st

P

ZX

f

P

 

  )   2-30 (     4/0          .
       4/0           8 

  4/0     .  
     5/3 :  

51.01-
)0004.010001()

1000
2301()5.3(

)
8
51()

108.32
1051()

1000
5501(062.1

389.013.1217.0

476.025.0
6

6
457.1

5.3 ftP  

-           )   )2-21)   (2 -31:((  

38.01-
)

1000
2301()04.0(

)
8
51()

1000
5501(358.0

1-
)

1000
1()(

)1()
1000

1(358.0

079.1220.0

484.0435.1

079.1220.0

484.0435.1

w

t

CW

f

P  

  )   2-31 (     4/0           .   
       4/0             

4/0     .  
-        )   )   2-22)   (2-32:((   

)    2-29  (       MPa 8/3 )psi 550  (     
 16      MPa 432 )psi62000  ( .  

39.01-
)0004.010001()

1000
2301()62000(

)
1000
5501()1(834.50

1-
)10001()

1000
1()(

)
1000

1()1(834.50

180.0146.1365.0

493.1155.0
100
55

180.0146.1365.0

493.1155.0
100

P

Z

f

P
w

s

tDTD
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  )   2-32 (     4/0           .   
       4/0             

4/0     .  
) 2-31         (.  

 2 -31 -     
        

   
  8 ) 43/2 (  <0.4%min1P 

)=0.4%min3, Pmin2, Pmin1=min (PminP
 

=0.51%maxP  

 5/3 ) 07/1 (  =0.51%maxP  
 )  04/0 ) 1 ((  <0.4%min2P  

    <0.4%min3P  

8.17=
)

8
5

(

5.9
×)12×12(×4.0×01273.0=

D
WP01273.0=N

2
2Sminmin 

7.22=
)

8
5

(

5.9
×)12×12(×51.0×01273.0=

D
WP01273.0=N

2
2Smaxmax 

      18     .  
       )        (     65/3         

   20    .  

2-2-4-         

           :     
-     
-     
-   .  

2-2-4-1-          

                   .
      5/4           .         

            .       
      .  
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              .   
               (    )   

          )  2-33.(   
       (...     )          

               .  

 2 -33 -        

 2-2-4-2-          
                   

            )   30  45 (    .
      )     2-34 .(       

    .                     
  .  

  
 2 -34 -          
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2-2-4-3-          

                    30   
45     .   

                     
       .       
              180      

                  .  
    1        5/2            

 .                 8/1       
           .  

                    
             3            

 .    

2-2-5-     

               .        
                   .     

                    
.  

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

2-2-5-1-       ) CRCP  (  )AC(  

       CRCP   AC         CRCP  
AC                      .   

           .  
) 2-35  (          CRCP   AC    

 .                         
    .     5/1              .  
           15    5/2     

       .       10      
  .        :     

-          100  95       
-             
-                   65 .  

  

65- Rough -finished 
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 2 -35-        ) CRCP  (  )AC       (   

 )     A  B   )2 -37)  (2 -38(   (  

) 2-36  (      CRCP  AC             
          )   (        

   .          5/1           
 .                CRCP    JPCP   
    .                       

              .       
)  2-32 (   .  
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 2 -36 -        ) CRCP  (  )AC    (   

 )     A  B   )2 -37)  (2 -38(   (  

 2 -32-     
    )MPa(    )MPa(   ) MPa(  

1  20  6  410×11/2  

2  6  4  410×13/1  

3  30  16  410×58/2  
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2-2-5-2-       ) CRCP  (  )  JPCP(  

       )          (        CRCP  
 JPCP  .       :   
-       66 ) 2-37(  
-     67 ) 2-38( 

-      68 ) 2-39( 

-               69 ) 2-40.(  
      ) 2-37 (                

  .        JPCP     .     ) 2-38 (  
       .          

) 2-39 (           CRCP    JPCP    
  .                        

.  
   ) 2-40 (             

        72             .
     36        60      CRCP   36   

    30     CRCP   .36         
8/1    36      6/3  .    
  

66-Sleeper slab and wide flange  
67- Modified wide flange 
68- Doweled joint  
69- Steel transition and saw cuts  
 



10810/8/1396         

  
 )  (   

)  (  
   ) (  ) ( ) ( 

300 450 25 200 

300 450 28 225 

300 450 32 250 

300 450 34 275 

300 450 38 300 

300 450 40 325 

 2 -37 -        ) CRCP  (  ) PCPJ    ( 70 
  71   

70- Sleeper slab 
71- wide-flange beam 
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 )  (   

)  (  
   ) (  ) ( ) ( 

300 450 25 200 

300 450 28 225 

300 450 32 250 

300 450 34 275 

300 450 38 300 

300 450 40 325 

 2 -38 -        ) CRCP  (  ) JPCP    (  
   

  
2 -39-        ) CRCP  (  ) JPCP    (    
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 2 -40 -        ) CRCP  (  ) JPCP    (  

     

2-2-5-3-       ) CRCP(      

     CRCP               
    CRCP   JPCP  )  2-37  2-40  ( .) 2-39 (

              CRCP     
   .    

2-2-5-4-       ) CRCP (      ) CRCP (
  

                 ) 2-41   (
 .        ) 2-42 ( .  
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 2 -41 -              

  
 2 -42-               

2-2-5-5-         )CRCP(  

      CRCP           )2-35 (
) 2-41(   .  
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2-2-6 -         

          .  
      2     65/3            3   5/1  

 .       2/8      40000000    
95/0    39/0    5/4    3   1  

 10        cm20 ) in8(     7    
    MPa 8/2 )psi 400(    )LS  (0    3kg/m 2400  

)pcf 150(     MPa 25 )psi 3571(     co/1 6-10×8/6  
)Fo/1 6-10×8/3(     Co/1 6-10×9 )Fo/1 6-10×5 (       
)w  (MPa2/1 )psi 017 (    Co 13 )Fo 55 (.        

            cm5 ) in2.    (  

:  
   :  

   ) 2-7   (          10CBR=    psi9500 ) MPa5/66(   
  .    ) 2-10 (        )   MPa8/2 (psi400 

           psi 510×6 )MPa 4200  (      .
 )2-9  (       in8 ) cm20    (          psi9500   

)MPa 5/66(           psi 510×6 )MPa 4200   (
    pci 1000 )3MN/m 277 (    .  )LS    (

  .     
0.5 0.5 6

c c cE 57000(f ) E 57000(3571) 3.4 10 psi (24000 MPa)  

c c c cS 8 f 10 f 8 3571 10 3571 478 597 S 550psi(3.8MPa)  

cm c cmf f 8.3(MPa) f 25 8.3 33.3MPa 4757psi  
' '
c cm cm cS 8 f 10 f 8 4757 10 4757 551 690 S 650 psi (4.5MPa)  

       )      2-26 (        
     3/2  9/2       6/2  .  

   )      2-15 ( ) 2-14    (    
28       .                
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  5      2       1    
        26 .     

   :    

             )   (  .   
               .400S )     400 

 (  16    75           75  .    

        
      14     .    

       400S  ) 400  (        
3000   )    3000=4000×75/0 .(    ) 2-27 (       
          af  8/1    .  

  :  
3 4

c a
s s2

s

Lf (2400(kg / m ) (3.65 3.65 3 1.5)(m) 1.8) 10P 100 100 P 0.085
2f 2 3000(kg / cm )

  

      :  
2

s

t

A 7Y 100 100 696mm Y 70cm
P D 0.085 260

  

         16 ) 63/0 (     .   
-           )   ) 2-30)   (2-20:((  

t c tf 0.86S 0.86 550 f 473psi(3.3MPa)  

  )  2-24  (   ) MPa3/3 (psi473      
 )z   (00049/0    .  

  
     8 :  

22.01-
)00049.010001()

1000
1701()8(

)630.01()
108.32

1051()
1000
4731(062.1

1-
)10001()

1000
1()(

)1()
2

1()
1000

1(062.1

389.013.1217.0

476.025.0
6-

6-
457.1

8

389.013.1217.0

476.025.0457.1

ft

w

c

st

P

ZX

f

P
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  )   2-30 (     4/0        .   
       4/0           8  

 4/0     .  
  

     5/3 :  

46.01-
)00049.010001()

1000
1701()5.3(

)630.01()
108.32

1051()
1000
4731(062.1

389.013.1217.0

476.025.0
6

6
457.1

5.3 ftP  

-           )   )2-21)   (2 -31:((  

35.01-
)

1000
1701()04.0(

)630.01()
1000
4731(358.0

1-
)

1000
1()(

)1()
1000

1(358.0

079.1220.0

484.0435.1

079.1220.0

484.0435.1

w

t

CW

f

P  

             4/0      
      4/0     .  

  
-         )    ) 2-22)   (2 -32 :((  

 
  )  2 -29  (       MPa 3/3 )psi 473     (
 16      MPa 425 )psi60730  ( .  

35.01-
)00049.010001()

1000
1701()60730(

)
1000
4731()1(834.50

1-
)10001()

1000
1()(

)
1000

1()1(834.50

180.0146.1365.0

493.1155.0
100
55

180.0146.1365.0

493.1155.0
100

P

Z

f

P
w

s

tDTD

  

             4/0      
       4/0     .  

 )2-33         (.  
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 2 -33 -     
        

   
  8 ) 43/2 (  %0/4<min1P 

4%/)=0min3, Pmin2, Pmin1=min (PminP
 

46%/=0maxP  

 5/3 ) 07/1 (  46%/=0maxP  
 )  04/0 ) 1 ((  4%/<0min2P  

    4%/<0min3P  

  
     65/3         :     

s
365W 146in
2.5

 

min min S 2
2

26
D 2.5N 0.01273P W 0.01273 0.4 146 18.916( )

25  

max max S 2
2

26
D 2.5N 0.01273P W 0.01273 0.46 146 21.716( )

25   
      20    )      65/3  .(  
       65/3        18  
 .    
       :    

.6.4648.115.1365.365.3 inmWS   

min min S 2
2

26
D 2.5N 0.01273P W 0.01273 0.4 464.6 6016( )

25

  

max max S 2
2

26
D 2.5N 0.01273P W 0.01273 0.46 464.6 6916( )

25

  

      65    )     .(  
        8/11           18    

 .    
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      5/7               
 55  .  ) 2-43 (              
  .

   

1.5m

3.65m

3.65m

3m

16 @180
Longitudinal

14 @700
Transverse

16 @750 L 750
Tie Bar

 

  
 2 -43 -            

2 -3-   ) (   

                     .   
         72   )        

   ) 73 (  74     (        
   .   

72- Hot-Mix Asphalt (HMA) 
73- Stone Matrix Asphalt (SMA) 
74- Porous asphalt 
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              )     ( 
)       (                .

                     
  .  

     ) (        :  
1-                
2-        )  JPCP  CRCP.      (  

        )  2-25  (.  

)2 -25                                                                                 (1 1 2 2 2 3 3 3
1SN (a D a m D a m D )

2.5
  

   SN    1a 2a  3a           
   1D 2D  3D              

 )(  2m  3m                   
 .   

          )   2-44  ( .  
          8/0  1    .  

      )    2-25         (  
     )      )  234 (  .   
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 2 -44-           

)kPa 89/6psi=1(  

                       
                    .  

    2    1     .            
     JPCP  CRCP     5  15  .  

2 -4 -       

                   
         .          40   50     

  ) JPCP (    .  

2-4-1 -    

                     
                .  

  5/0  2      0  5/1   .

 
 

 
  

 

 
 

 
 )

ps
i

 ( -7

 
 -

ps
i

5
10  
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2-4-2-  75  

       :       76       
    77     78           .

       15  20             .   
                         

       .  

2-4-3-         

    79   2   8              
       2  4              3   6   

          .   8/0         
15   .  

         :    
-                 .  
-                  )    2-26 (

 .  

)2 -26          (                                                                                                        2
L

f c
SR  

   SRf         c         
  L  .     

-          .  
-                   

        .  
-   )   2-27  (.  

)2 -27       (                                                                                                                t f
t

p

f AY =
D

  

75- Prestressed losses 
76- Elastic shortening of the concrete 
77- Tendons 
78- Anchorage devices 
79- Stranded cable tendon 
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   tY    tf     fA    D       p 
    .    

2 -5 -    80  

2-5-1-   

                   .        
                      

                .       
                   )  PCA (

      81 )USACE    ( 82 )ACI  (  .  
                      
              )      (   
 .  

                    
                        

                        
                  . 

2-5-2-             ) USACE(  

                      
       .     

2-5-2-1-   

                       
   .                    83 

80- Roller compacted concrete pavement 
81- The U.S. Army Corps of Engineers 
82- American Concrete Institute 
83  - Average Daily Traffic (ADT) 
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)ADT              (   .          
        2/8    .  

               :  
 1 (    
 2 ( 2   
 3 ( 3 4  5 . 

  2  3       2/8      5/14  .   

                     
  5    : 

 1     (1    1    2 

 2 (    1    10    2     3 

 3    (  15     1    3 

 4  (    25     10    3 

 5     ( 25 .   

        84 )DHV   (6  )    2-34 (  
      .)    DHV (         15  

12     ) ADT (   .   

84- Design Hourly-Volume (DHV)  
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 2 -34- )   DHV    (  

   
   

 ) (   ) (  

A   900    1200  

B  899 -720  1199 -1000  

C  719 -450  999 -750  

D  449 -150  749 -250  

E 149 -10  249 -25  

F   10    25  

 
   )     2-34     (              

 )   )     (2-35 (     .  

 2 -35 -          )    (  
            

    2  4  8  
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2-5-2-2-  85 )DI(  

                 .     
) 2-36 ( .  

 2 -36-   )DI(          

    
A B  C  D E F 

1  2  2  2  1  1  1  

2  3  2  2  2  2  1  

3  4  4  4  3  3  2  

4  5  5  5  4  4  3  

5  6  6  6  5  5  4  

2-5-2-3-       

            )2-45 (  .   
     )     (   .    

               10    )5/0      (  
.  

        10                       
 25  .  

85- Design Index (DI) 
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 2 -45 -              

)3MN/m271./=3lb/in1pci=1 kPa 89/6psi=1 mm 4/25in=1(  

2-5-2-4-      

                     
      .    

                       
                    

)K (      K                 )  
   (CBR) (  ) 2-46(.   
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              K        
    .             (  ) K        

)   2-37 ( .    K                
)     2-38 ( .  

  
 2 -46-          
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 2 -37 -  K         (  )   

 K  (Pci)  
  (in)  

4  6  9  12  
  K  (Pci)  
50  65  75  85  110  

100  130  140  160  190  

200  220  230  270  320  

300  320  330  370  430  
)3MN/m271./=3lb/in1pci=1 mm 4/25in=1(  

 2 -38 -  K              

 K  
(Pci)  

      (in)  
4  6  8  10  

K  (Pci)  
50  170  230  310  390  

100  280  400  520  640  

200  470  640  830  -  
)3MN/m271./=3lb/in1pci=1 mm 4/25in=1(  

 :
                    

.  
              2000       

 100          MPa1/4 )psi600   (        3MN/m2/54 
)pci200 (.  

:              .          

)    2-35  (    2     :   
            ADT=(2000-100)+100×2=2100  

DHV ADT 0.15 DHV 2100 0.15 315  
 )  2-34    (D  .  

100 5% 10%
2000

  2      
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 ) 2-36     (2 .    
 ) 2-45 (     2       psi600           

pci200       5/5 ) 14  (  .  

2-5-2-5-       86  

                          
      25             

25         .                 
          )   10  .(    

                 .            
                      :    87 

 88   89 .  
 :     1                

                .        
)    ( )     (               

  .                    
   ) 2-28.(  

)2 -28                                                            (                                                       o d ph h h  
   dh        )        2-45     

 (ph     oh   .      
 :                   1       

             .         
      .              )

2-29.(  

)2 -29                                                                               (                  1.4 1.4d1.4o d p
e

hh h ( h )
h

  

86- Multilift pavements 
87- Full bond 
88- Partial bond 
89- No bond 
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   dh        )        2-45     
 (eh      (       (    ) k (   

    / ) (   (          ph       oh  
 .      

 :        90          
        .           

     ) 2-30.(  

)2 -30                                                                                  (                   2 2d
o d p

e

hh h ( h )
h

  

       .  

2-5-3-        )  PCA(

                           
                 )    

  (  .   
           .       
  PCA     .      

                 ) StreetPave  (  
      )RCC-PAVE(          

 5    .    

2-5-4 -       ACI   

        ACI     )2-39 ( )2-40 (     .   
    30    )  .   2-41 (         ACI  

 .  
  
  

90- Bond breaker 
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 2 -39-      ) (     * )  91(

 
Pci 100k=Pci 50k=

MR (psi)MR (psi)
700  650  600  550  490  700  650  600  550  490  

     3ADTT**=                     

  
10ADTT=                     
20ADTT=                     
50ADTT=                     

  
50ADTT=                     
100ADTT=                     
500ADTT=                     

   
100ADTT=                     
500ADTT=                     

   
400ADTT=                     
800ADTT=                     
1500ADTT=                     

  
300ADTT=                     
700ADTT=                     

  
400ADTT=                     
800ADTT=                     

   
Pci 300k=Pci 200k=

MR (psi)MR (psi)
700  650  600  550  490  700  650  600  550  490  

     3ADTT=                     

  
10ADTT=                     
20ADTT=                     
50ADTT=                     

  
50ADTT=                     
100ADTT=                     
500ADTT=                     

   
100ADTT=                     
500ADTT=                     

   
400ADTT=                     
800ADTT=                     
1500ADTT=                     

  
300ADTT=                     
700ADTT=                     

  
400ADTT=                     
800ADTT=                     

)3MN/m271./=3lb/in1pci=1 kPa 89/6psi=1 mm 4/25in=1(  
                   *    .          

)        **Average Daily Truck Traffic(  
  

91- Supported edges 
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 2 -40-      )   (    )  92(

 
Pci 100k=Pci 50k=

MR (psi)MR (psi)
700  650  600  550  490  700  650  600  550  490  

     3ADTT*=                     

  
10ADTT=                     
20ADTT=                     
50ADTT=                     

  
50ADTT=                     
100ADTT=                     
500ADTT=                     

   
100ADTT=                     
500ADTT=                     

   
400ADTT=                     
800ADTT=                     
1500ADTT=                     

  
300ADTT=                     
700ADTT=                     

  
400ADTT=                     
800ADTT=                     

   
Pci 300k=Pci 200k=

MR (psi)MR (psi)
700  650  600  550  490  700  650  600  550  490  

     3ADTT=                    
10ADTT=                    
20ADTT=                    
50ADTT=                    
50ADTT=                    
100ADTT=                    
500ADTT=                    

 
100ADTT=                    
500ADTT=                    

 
400ADTT=                    
800ADTT=                    
1500ADTT=                    
300ADTT=                    
700ADTT=                  

  
400ADTT=                  
800ADTT=                  

)        *Average Daily Truck Traffic(  

92- Unsupported edges 
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 2 -41 -     ACI  

   
     

    
(  )  

     
    ) (  

       
   200  2-1  4-2  

  1000-200  2-1  4-2  
   8000-10005-3500-50

   15000 -400010600 -300
   30000 -400020-151500-700

  17000 -110007-4700-400
  4000-200020-15800-300

   
:  

                        
    ACI  .               

.  
:            2000    5      
 ) 05/0=2000/100( )   2-41       (     .

)  2-39  (     )  100  (        pci200   
  )   (  psi600           6  ) 15 

 ( .  

2-5-5-          

                         
                      

 )  (   .             
)  WinPAS              AASHTO-1993       (  

      )RCC-PAVE(          
 5      .  
                )  2-1-1 

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

                      
                .      
        )  2-42  (.  

 2 -42-          

  
   

   
     

1  
   
     

 -        

 -    *PAVE-RCC 

         50  
.     

2  
    

  ) 
(  

 -     ACI )  
(  

 -  StreetPave** )  (  

 -  WinPAS*** )  (  

 -        

 -    *PAVE-RCC 

         50  
.     

3  
  

 )   
 ( ) (  

 -        

 -    *PAVE-RCC  

 -     ACI )  
(  

 -   StreetPave** )  
(  

 -  WinPAS*** )  (  

  

  

  

  

  

  

  

  

4      -     ACI )  
 -             

    4  6     
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(  

 -   StreetPave** )  
(  

 -  WinPAS*** )  (  

 .  

 -      25    
          

      .    

5     

 -     ACI )  
(  

 -   StreetPave** )  
(  

 -  WinPAS*** )  (  

      50    
         
 93   .     

       .  

6      

 -        
   .  

 -     ACI )  
(  

 -   StreetPave** )  
(  

 -  WinPAS*** )  (  

          
           

  .  

7  
    
)   

  (  

 -      1998 
AASHTO 1993, 

 -        
) AASHTO M-EPDG(  

 -   StreetPave** )  
(  

 -  WinPAS*** )  (  

 -            
           .

           
          
   )    (  

  .  

 *      PCA       )PCA-1987 (.  
 **       PCA      ) PCA-1984 (.  

 ***     AASHTO-1993 .  

  

93- Diamond grinding 
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2-5-7 -    

          .              
         .           

      .  

2-5-7-1-    
      28  40  .       28      

   25 .    

2-5-7-2-   ) (  

  )   (       5/3   7    .    
                         

           )  2-31  .(  
)2 -31-          ()cS  cf  psi            (                                                    c11 f    c cS 9 f  
)2 -31-           ()cS  cf  MPa                         (                            c0.92 f   c cS 0.75 f   
    cf       ) 15       30  (   cS 

  )   ( .  

2-5-7-3-    
                     

                   
 .           ASTM C469 )  2-32 ( .   

)2 -32-)         (cf  cE  psi(                                                                           c cE 57000 f                  
)2 -32-)          (cf  cE  MPa (                                                                          c cE 4770 f                    

   cE     cf        .    
     AASHTO T22 )ASTM C39 (.    
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2-5-7-4-    

             .  

2-5-7-5-  94      

                  
                      

             .         
                .    

        .             
         .  

2-5-7-6-       

             .        
                         
            ( )      .  

2-5-8-        

             .         
        .    

2-5-8-1- )   95(  

                      
       .                   

         .                 96 
                )      .(    

100                             
                  100      .   

94- Bond strength 
95- Joint efficiency 
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 )      (           .     

                 22   89   
 .                     

        .  

2-5-8-2-     

                      
                 .     
          97        .  
                           

   .  

          :    

-    

-     )    (          
        

-    98     

-                   .       
  3  7                         

                 .       
    25  32  . 

           1
4

          

  .        18        
6  8            5  7  .    

 

2-5-8-3-    99

96- Deflection 
97- Shrinkage 
98- Manhole 
99- Isolation and expansion joints 
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    /                    
                            

  . 

                    
    .                

. 

2-6-    

                         
                     

 .   )   (              
)     ( D-            

         . 

       :       )   ( 
         )    2-47.( 

 

 
 2 -47 -      
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        100   101    )  -
102    103  (  . 

             .        
                     
. 

                          
  )     (                       

 .                       
                 .  

                     
                      

      )   415      (  

      )   366           (  
   )   101       (.  

100- Surface drainage 
101- Subsurface drainage 
102- Structural drainage 
103- Ground water drainage 
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1- Joint seal damage 
2- Popouts 
3- Lane/Shoulder-drop off  
4- Faulting 
5- Crazing / Map Cracking  
6- Scaling 
7- Corner spalling 
8- Joint spalling 
9- Shrinkage cracking 
10- Linear cracking (longitudinal and transverse cracking) 
11- Durability Cracking 
12- Blowup/ Buckling 
13- Divided Slab  
14- Corner break 
15- punchout 
16- Rail road crossing 
17- Polished aggregate 
18- Pumping 
19- Large patching and Utility cuts 
20- Small patching 
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32- Shrinkage cracking 
33- Linear cracking (longitudinal and transverse cracking) 
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41- Polished aggregate 
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45- Resealing pavement joints (& cracks) 
46- Hot-pour sealants
47- Silicone sealants 
48- Compression seals 
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62- Sandblasting 
63- Compressible insert 
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66- Fiberboard 
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67- Cementitious grout 
68- Diamond grinding 
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70-Alkali-Silica reactivity 
71- Pressure relief cuts 
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6  465  416  315  411  348  261  382  316  237  362  296  223  336  271  209  304  246  198  285  232  193  
5/6  417  380  289  367  317  238  341  286  214  324  267  201  300  244  186  273  220  173  256  207  168  

7  375  349  267  331  290  219  307  262  196  292  244  183  271  222  167  246  199  154  231  186  148  
5/7  340  323  247  300  268  203  279  241  181  265  224  168  246  203  153  224  181  139  210  169  132  

8  311  300  230  274  249  189  255  223  168  242  208  156  225  188  141  205  167  126  192  155  120  
5/8  285  281  215  252  232  177  234  208  158  222  193  145  206  174  131  188  154  116  177  143  109  
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10  228  235  174  200  193  148  186  173  132  177  160  122  164  144  108  150  126  95  141  117  87  
5/10  213  222  163  187  183  140  174  164  125  165  151  115  153  136  103  140  119  89  132  110  82  

11  200  211  153  175  174  132  163  155  119  154  143  110  144  129  98  131  113  85  123  104  78  
5/11  188  201  142  165  165  125  153  148  113  145  136  104  135  122  93  123  107  80  116  98  74  

12  177  192  133  155  158  119  144  141  108  137  130  100  127  116  89  116  102  77  109  93  70  
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13  159  176  114  139  144  107  129  129  98  122  119  91  113  106  81  103  93  70  97  85  64  
5/13  152  168  105  132  138  101  122  123  93  116  114  87  107  102  78  98  89  67  92  81  61  

14  144  162  97  125  133  96  116  118  89  110  109  83  102  98  75  93  85  65  88  78  59  
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)in(  

 K  - ) pci(  
50  100  150  200  300  500  700  

1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  
4  640  534  431  559  468  392  517  439  377  489  422  369  452  403  362  409  388  360  383  384  359  

5/4  547  461  365  479  400  328  444  372  313  421  356  305  390  338  297  355  322  292  333  316  291  

5  475  404  317  417  349  281  387  323  266  367  308  258  341  290  250  311  274  244  294  267  242  

5/5  418  360  279  368  309  246  342  285  231  324  271 223  302  254  214  276  238  208  261  231  206  

6  372  325  249  327  277  218  304  255  204  289  247  196  270  225  187  247  210  180  234  203  178  

5/6  334  295  225  294  251  196  274  230  183  260  218  175  243  203  166  223  188  159  212  180  156  

7  302  270  204  266  230  178  248  210  165  236  198  158  220  184  149  203  170  142  192  162  138  

5/7  275  250  187  243  211  162  226  193  151  215  182  143  201  168  135  185  155  127  176  148  124  

8  252  232  172  222  196  149  207  179  138  197  168  131  185  155  123  170  142  116  162  135  112  

5/8  232  216  159  205  182  138  191  166  128  182  156  121  170  144  113  157  131  106  150  125  102  

9  215  202  147  190  171  128  177  155  119  169  146  112  158  134  105  146  122  98  139  116  94  

5/9  200  190  137  176  160  120  164  146  111  157  137  105  147  126  98  136  114  91  129  108  87  

10  186  179  127  164  151  112  153  137  104  146  129  98  137  118  91  127  107  84  121  101  81  

5/10  174  173  119  154  143  105  144  130  97  137  121  92  128  111  86  119  101  79  113  95  76  

11  164  161  111  144  135  99  135  123  92  129  115  87  120  105  81  112  95  74  106  90  71  

5/11  154  153  104  136  128  93  127  117  86  121  109  82  113  100  76  105  90  70  100  85  67  

12  145  146  97  128  122  88  120  111  82  114  104  78  107  95  72  99  86  66  95  81  63  

5/12  137  139  91  121  117  83  113  106  78  108  99  74  101  91  68  94  82  63  90  77  60  

13  130  133  85  115  112  79  107  101  74  102  95  70  96  86  65  89  78  60  85  73  57  

5/13  124  127  80  109  107  75  102  97  70  97  91  67  91  83  62  85  74  57  81  70  54  

14  118  122  75  104  103  71  97  93  67  93  87  63  87  79  59  81  71  54  77  67  51  



 -2410/8/1396       

  
(1kip=4.45KN)  

 
  -1-8 -               )  (  

  

  

   -1-8—-                
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)1  =2   =3  =(  
 

 
)in(  

 K  -  ) pci(  
50  100  200  300  500  700  

1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  
4  74/3  83/3  89/3  73/3  79/3  82/3  72/3  75/3  75/3  71/3  73/3  70/3  70/3  70/3  61/3  68/3  67/3  53/3  

5/4  59/3  70/3  78/3  57/3  65/3  69/3  56/3  61/3  62/3  55/3  58/3  57/3  54/3  55/3  50/3  52/3  53/3  44/3  

5  45/3  58/3  68/3  43/3  52/3  58/3  42/3  48/3  50/3  41/3  45/3  46/3  40/3  42/3  40/3  38/3  40/3  34/3  

5/5  22/3  47/3  59/3  31/3  41/3  49/3  29/3  36/3  40/3  28/3  33/3  36/3  27/3  30/3  30/3  26/3  28/3  25/3  

6  22/3  38/3  51/3  19/3  31/3  40/3  18/3  26/3  31/3  17/3  23/3  26/3  15/3  20/3  21/3  14/3  17/3  16/3  

5/6  11/3  29/3  44/3  09/3  22/3  33/3  07/3  16/3  23/3  06/3  13/3  18/3  05/3  10/3  12/3  03/3  07/3  08/3  

7  02/3  21/3  37/3  99/2  14/3  26/3  97/2  08/3  16/3  96/2  05/3  10/3  95/2  01/3  04/3  94/2  98/2  00/3  

5/7  93/2  14/3  31/3  91/2  06/3  20/3  88/2  00/3  09/3  87/2  97/2  03/3  86/2  93/2  97/2  84/2  90/2  93/2  

8  85/2  07/3  26/3  82/2  99/2  14/3  80/2  93/2  03/3  79/2  89/2  97/2  77/2  85/2  90/2  76/2  82/2  86/2  

5/8  77/2  01/3  20/3  74/2  93/2  09/3  72/2  86/2  97/2  71/2  82/2  91/2  69/2  78/2  84/2  68/2  75/2  79/2  

9  70/2  96/2  15/3  67/2  87/2  04/3  65/2  80/2  92/2  63/2  76/2  86/2  62/2  71/2  78/2  61/2  68/2  73/2  

5/9  63/2  90/2  11/3  60/2  81/2  99/2  58/2  74/2  87/2  56/2  70/2  81/2  55/2  65/2  73/2  54/2  62/2  68/2  

10  56/2  85/2  06/3  54/2  76/2  94/2  51/2  68/2  83/2  50/2  64/2  76/2  48/2  59/2  68/2  47/2  56/2  63/2  

5/10  50/2  81/2  02/3  47/2  71/2  90/2  45/2  63/2  78/2  44/2  59/2  72/2  42/2  54/2  64/2  41/2  51/2  58/2  

11  44/2  76/2  98/2  42/2  67/2  86/2  39/2  58/2  74/2  38/2  54/2  68/2  36/2  49/2  59/2  35/2  45/2  54/2  

5/11  38/2  72/2  94/2  36/2  62/2  82/2  33/2  54/2  70/2  32/2  49/2  64/2  30/2  44/2  55/2  29/2  40/2  50/2  

12  33/2  68/2  91/2  30/2  58/2  79/2  28/2  49/2  67/2  26/2  44/2  60/2  25/2  39/2  51/2  23/2  36/2  46/2  

5/12  28/2  64/2  87/2  25/2  54/2  75/2  23/2  45/2  63/2  21/2  40/2  56/2  19/2  35/2  48/2  18/2  31/2  42/2  

13  23/2  61/2  84/2  20/2  50/2  72/2  18/2  41/2  60/2  16/2  36/2  53/2  14/2  30/2  44/2  13/2  27/2  39/2  

5/13  18/2  57/2  81/2  15/2  47/2  68/2  13/2  37/2  56/2  11/2  32/2  49/2  09/2  26/2  41/2  08/2  23/2  35/2  

14  13/2  54/2  78/2  11/2  43/2  65/2  08/2  34/2  53/2  07/2  29/2  46/2  05/2  23/2  38/2  03/2  19/2  32/2  

)31pci=271.3KN/m, (1in=25.4mm  
  

  

  

  

  

  

  

  

  -1 -8 - -                 
)1  =2   =3  =(  



 -2610/8/1396       

 
 

)in(  

 K   - ) pci(  
50  100  200  300  500  700  

1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  
4  94/3  03/4  06/4  91/3  95/3  97/3  88/3  89/3  88/3  86/3  86/3  82/3  82/3  83/3  74/3  77/3  80/3  67/3  

5/4  79/3  91/3  95/3  76/3  82/3  85/3  73/3  75/3  76/3  71/3  72/3  70/3  68/3  68/3  63/3  64/3  65/3  56/3  

5  66/3  81/3  85/3  63/3  72/3  75/3  60/3  64/3  66/3  58/3  60/3  60/3  55/3  55/3  52/3  52/3  52/3  46/3  

5/5  54/3  72/3  76/3  51/3  62/3  66/3  48/3  53/3  56/3  46/3  49/3  51/3  43/3  44/3  43/3  41/3  40/3  37/3  

6  44/3  64/3  68/3  40/3  53/3  58/3  37/3  44/3  48/3  35/3  40/3  42/3  32/3  34/3  35/3  30/3  30/3  29/3  

5/6  34/3  56/3  61/3  30/3  46/3  50/3  26/3  36/3  40/3  25/3  31/3  34/3  22/3  25/3  27/3  20/3  21/3  21/3  

7  26/3  49/3  54/3  21/3  39/3  43/3  17/3  29/3  33/3  15/3  24/3  27/3  13/3  17/3  20/3  11/3  13/3  14/3  

5/7  18/3  43/3  48/3  13/3  32/3  37/3  09/3  22/3  26/3  07/3  17/3  20/3  04/3  10/3  13/3  02/3  06/3  08/3  

8  11/3  37/3  42/3  05/3  26/3  31/3  01/3  16/3  20/3  99/2  10/3  14/3  96/2  03/3  07/3  94/2  99/2  01/3  

5/8  04/3  32/3  37/3  98/2  21/3  25/3  93/2  10/3  15/3  91/2  04/3  09/3  88/2  97/2  01/3  87/2  93/2  96/2  

9  98/2  27/3  32/3  91/2  16/3  20/3  86/2  05/3  09/3  84/2  99/2  03/3  81/2  92/2  95/2  79/2  87/2  90/2  

5/9  92/2  22/3  27/3  85/2  11/3  15/3  80/2  00/3  04/3  77/2  94/2  98/2  75/2  86/2  90/2  73/2  81/2  85/2  

10  86/2  18/3  22/3  79/2  06/3  11/3  74/2  95/2  00/3  71/2  89/2  93/2  68/2  81/2  85/2  66/2  76/2  80/2  

5/10  81/2  14/3  18/3  74/2  02/3  06/3  68/2  91/2  95/2  65/2  84/2  89/2  62/2  76/2  81/2  60/2  72/2  76/2  

11  77/2  10/3  14/3  69/2  98/2  02/3  63/2  86/2  91/2  60/2  80/2  84/2  57/2  72/2  77/2  54/2  67/2  71/2  

5/11  72/2  06/3  10/3  64/2  94/2  98/2  58/2  82/2  87/2  55/2  76/2  80/2  51/2  68/2  72/2  49/2  63/2  67/2  

12  68/2  03/3  07/3  60/2  90/2  95/2  53/2  78/2  83/2  50/2  72/2  76/2  46/2  64/2  68/2  44/2  59/2  63/2  

5/12  64/2  99/2  03/3  55/2  87/2  91/2  48/2  75/2  79/2  45/2  68/2  73/2  41/2  60/2  65/2  39/2  55/2  59/2  

13  60/2  96/2  00/3  51/2  83/2  88/2  44/2  71/2  76/2  40/2  65/2  69/2  36/2  56/2  61/2  34/2  51/2  56/2  

5/13  56/2  93/2  97/2  47/2  80/2  84/2  40/2  68/2  73/2  36/2  61/2  66/2  32/2  53/2  58/2  30/2  48/2  52/2  

14  53/2  90/2  94/2  44/2  77/2  81/2  36/2  65/2  69/2  32/2  58/2  63/2  28/2  50/2  54/2  25/2  44/2  49/2  

)31pci=271.3KN/m, (1in=25.4mm   
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  -1 -9- -                
)1  =2   =3  =(  

 
 

)in(  

 K   - ) pci(  
50  100  200  300  500  700  

1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  
4  28/3  30/3  33/3  24/3  20/3  20/3  21/3  13/3  13/3  19/3  10/3  10/3  15/3  09/3  05/3  12/3  08/3  00/3  

5/4  13/3  19/3  24/3  09/3  08/3  10/3  06/3  00/3  99/2  04/3  96/2  95/2  01/3  93/2  91/2  98/2  91/2  87/2  

5  01/3  09/3  16/3  97/2  98/2  01/3  93/2  89/2  89/2  90/2  84/2  83/2  87/2  79/2  79/2  85/2  77/2  75/2  

5/5  90/2  01/3  09/3  85/2  89/2  94/2  81/2  79/2  80/2  79/2  74/2  74/2  76/2  68/2  67/2  73/2  65/2  64/2  

6  79/2  93/02  03/3  75/2  82/2  87/2  70/2  71/2  73/2  68/2  65/2  66/2  65/2  58/2  58/2  62/2  54/2  54/2  

5/6  70/2  86/2  97/2  65/2  75/2  82/2  61/2  63/2  67/2  58/2  57/2  59/2  55/2  50/2  50/2  52/2  45/2  45/2  

7  61/2  79/2  92/2  56/2  68/2  76/2  52/2  56/2  61/2  49/2  50/2  53/2  46/2  42/2  43/2  43/2  38/2  37/2  

5/7  53/2  73/2  87/2  48/2  62/2  72/2  44/2  50/2  56/2  41/2  44/2  47/2  38/2  36/2  37/2  35/2  31/2  31/2  

8  46/2  68/2  83/2  41/2  56/2  67/2  36/2  44/2  51/2  33/2  38/2  42/2  30/2  30/2  32/2  27/2  24/2  25/2  

5/8  39/2  62/2  79/2  34/2  51/2  63/2  29/2  39/2  47/2  26/2  32/2  38/2  22/2  24/2  27/2  20/2  18/2  20/2  

9  32/2  57/2  75/2  27/2  46/2  59/2  22/2  34/2  43/2  19/2  27/2  34/2  16/2  19/2  23/2  13/2  13/2  15/2  

5/9  26/2  52/2  71/2  21/2  41/2  55/2  16/2  29/2  39/2  13/2  22/2  30/2  09/2  14/2  18/2  07/2  08/2  11/2  

10  20/2  47/2  67/2  15/2  36/2  51/2  10/2  25/2  35/2  07/2  18/2  26/2  03/2  09/2  15/2  01/2  03/2  07/2  

5/10  15/2  43/2  64/2  09/2  32/2  48/2  04/2  20/2  32/2  01/2  14/2  23/2  97/1  05/2  11/2  95/1  99/1  04/2  

11  10/2  39/2  60/2  04/2  28/2  45/2  99/1  16/2  29/2  95/1  09/2  20/2  92/1  01/2  08/2  89/1  95/1  00/2  

5/11  05/2  35/2  57/2  99/1  24/2  42/2  93/1  12/2  26/2  90/1  05/2  16/2  87/1  97/1  05/2  84/1  91/1  97/1  

12  00/2  31/2  54/2  94/1  20/2  39/2  88/1  09/2  23/2  85/1  02/2  13/2  82/1  93/1  02/2  79/1  87/1  94/1  

5/12  95/1  27/2  51/2  89/1  16/2  36/2  84/1  05/2  20/2  81/1  98/1  11/2  77/1  89/1  99/1  74/1  84/1  91/1  

13  91/1  23/2  48/2  85/1  13/2  33/2  79/1  01/2  17/2  76/1  95/1  08/2  72/1  86/1  96/1  70/1  80/1  88/1  

5/13  86/1  20/2  46/2  81/1  09/2  30/2  75/1  98/1  14/2  72/1  91/1  05/2  68/1  83/1  93/1  65/1  77/1  86/1  

14  82/1  17/2  43/2  76/1  06/2  28/2  71/1  95/1  12/2  67/1  88/1  03/2  64/1  80/1  91/1  61/1  74/1  83/1  

)31pci=271.3KN/m, (1in=25.4mm   
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  -1 -9- -                 
)1  =2   =3  =(  

 
 

)in(  

 K   - ) pci(  
50  100  200  300  500  700  

1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  
4  46/3  49/3  50/3  42/3  39/3  38/3  38/3  32/3  30/3  36/3  29/3  25/3  23/3  26/3  21/3  28/3  24/3  16/3  

5/4  32/3  39/3  40/3  28/3  28/3  28/3  24/3  19/3  18/3  22/3  16/3  13/3  19/3  12/3  08/3  15/3  09/3  04/3  

5  20/3  30/3  32/3  16/3  18/3  19/3  12/3  09/3  08/3  10/3  05/3  03/3  07/3  00/3  97/2  04/3  97/2  93/2  

5/5  10/3  22/3  26/3  05/3  10/3  11/3  01/3  00/3  00/3  99/2  95/2  94/2  96/2  90/2  87/2  93/2  86/2  83/2  

6  00/3  15/3  20/3  95/2  02/3  05/3  90/2  92/2  92/2  88/2  87/2  86/2  86/2  81/2  79/2  83/2  77/2  74/2  

5/6  91/2  08/3  14/3  86/2  96/2  99/2  81/2  85/2  86/2  79/2  79/2  79/2  76/2  73/2  72/2  74/2  68/2  67/2  

7  83/2  02/3  09/3  77/2  90/2  94/2  73/2  78/2  80/2  70/2  72/2  73/2  68/2  66/2  65/2  65/2  61/2  60/2  

5/7  76/2  97/2  05/3  70/2  84/2  89/2  65/2  72/2  75/2  62/2  66/2  67/2  60/2  59/2  59/2  57/2  54/2  54/2  

8  69/2  92/2  01/3  63/2  79/2  84/2  57/2  67/2  70/2  55/2  61/2  62/2  52/2  53/2  54/2  50/2  48/2  48/2  

5/8  63/2  88/2  97/2  56/2  74/2  80/2  51/2  62/2  65/2  48/2  55/2  58/2  45/2  48/2  49/2  43/2  43/2  43/2  

9  57/2  83/2  94/2  50/2  70/2  77/2  44/2  57/2  61/2  42/2  51/2  53/2  39/2  43/2  44/2  36/2  38/2  38/2  

5/9  51/2  79/2  91/2  44/2  65/2  73/2  38/2  53/2  58/2  36/2  46/2  49/2  33/2  38/2  40/2  30/2  33/2  34/2  

10  46/2  75/2  88/2  39/2  61/2  70/2  33/2  49/2  54/2  30/2  42/2  46/2  27/2  34/2  36/2  24/2  28/2  29/2  

5/10  41/2  72/2  85/2  33/2  58/2  67/2  27/2  45/2  51/2  24/2  38/2  42/2  21/2  30/2  32/2  19/2  24/2  26/2  

11  36/2  68/2  83/2  28/2  54/2  65/2  22/2  41/2  48/2  19/2  34/2  39/2  16/2  26/2  29/2  14/2  20/2  22/2  

5/11  32/2  65/2  80/2  24/2  51/2  62/2  17/2  38/2  45/2  14/2  31/2  36/2  11/2  22/2  26/2  09/2  16/2  16/2  

12  28/2  62/2  78/2  19/2  48/2  59/2  13/2  34/2  43/2  10/2  27/2  33/2  06/2  19/2  23/2  04/2  13/2  16/2  

5/12  24/2  59/2  76/2  15/2  45/2  57/2  09/2  31/2  40/2  05/2  24/2  31/2  02/2  15/2  20/2  99/1  10/2  13/2  

13  20/2  56/2  74/2  11/2  42/2  55/2  04/2  28/2  38/2  01/2  21/2  28/2  98/1  12/2  17/2  95/1  06/2  10/2  

5/13  16/2  53/2  72/2  08/2  39/2  53/2  00/2  25/2  35/2  97/1  18/2  26/2  93/1  09/2  15/2  91/1  03/2  07/2  

14  13/2  51/2  70/2  04/2  36/2  51/2  97/1  23/2  33/2  93/1  15/2  24/2  89/1  06/2  12/2  87/1  00/2  05/2  

)31pci=271.3KN/m, (1in=25.4mm   
 



 -3010/8/1396       

  
  -1-9 - -               

 
  
  
  
  



10/8/1396   -31 
  

:  
.                      

-  :  20   
-       
-   :     12900    
-   :      19        
-  :    4   
-           .      13215     

     6918  .             
      

  
(kips)

     
 1000   

  
(kips)

    
 1000   

30-28  28/0  52-48  94/0  

28-26  65/0  48-44  89/1  

26-24  33/1  44-40  51/5  

24-22  84/2  40-36  45/16  

22-20  72/4  36-32  08/39  

20-18  40/10  32-28  06/41  

18-16  56/13  28-24  07/73  

16-14  64/18  24-20  45/43  

14-12  89/25  20-16  15/54  

12-10  05/81  16-12  85/59  

  
-  )  k :(pci 100  
-      :  in. 4 

  :  2/1  
- )   MR :(psi 650  

  
  

:  
     = 5.1)04.01( 2

20

 

(    ) ADT=12900×1.5=19350 
ADTT=19350×0.19=3680 



 -3210/8/1396       

)    -1-7         () 9675=2÷19350(     
    81/0   .)     -1-7       (

      .  
       20 )   -1-6  (:  

      = ADTT GF LF DF n 365 = 
(0.19×12900)×1.5×0.5×0.81×20×365=10870000 

         .       13215    
    6918         )    52     (

  .                 2     
)52/0-1    ( . )           1000/  

 (     .  
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 )1(  
  (kips)

)2(  
     1000 

  

)3(  
       1000 

  

)4(  
    

  
   

30-28  28/0  58/0  6310  

28-26  65/0  35/1  14690  

26-24  33/1  77/2  30140  

24-22  84/2  92/5  64410  

22-20  72/4  83/9  106900  

20-18  40/10  67/21  235800  

18-16  56/13  24/28  307200  

16-14  64/18  83/38  422500  

14-12  89/25  94/53  586900  

12-10  05/81  85/168  1837000  
   

52-48  94/0  98/1  21320  

48-44  89/1  94/3  42870  

44-40  51/5  48/11  124900  

40-36  45/16  27/34  372900  

36-32  08/39  42/81  885800  

32-28  06/41  54/85  930700  

28-24  07/73  23/152  1656000  

24-20  45/43  52/90  984900  

20-16  15/54  81/112  1227000  

16-12  85/59  69/124  1356000  

        4               
)-1-2    (100=k   )  -  (pci130  .  

          5/9                     
)-1-6  ( .  

       8/62            9/38    
              .100         

)   in 5/9  (     .        
)  37 (             .       9 



 -3410/8/1396       

            245           
.            

 :    
 :(  )  in. 5/9                                                       ...  :      .....  ..  

    - ) K :(pci 130                                     ...  .......  :   ...  
)   MR :(psi 650                                                        :  20   

)   LSF :(2/1                                                                   :in 4  

 
(kips)  

   
    

  
   

      

       
  

  
   

1  2  3  4  5  6  7  
8-  :  206                         9-  :   317/0            10 -  :  59/2        

   
30  36  6310  27000  3/23  1500000  4/0  

28  6/33  14690  77000  1/19  2200000  7/0  

26  2/31  30140  230000  1/13  3500000  9/0  

24  8/28  64410  1200000  4/5  5900000  1/1  

22  4/26  106900    0  11000000  0/1  

20  0/24  235800    0  23000000  0/1  

18  6/21  307200    0  64000000  5/0  

16  2/19  422500    0    0  

14  8/16  586900    0    0  

12  4/14  1837000    0    0  
11 -  :  192                 12-    :295/0                      13-  :  79/2             

   
52  4/62  21320  1100000  9/1  920000  3/2  

48  6/54  42870    0  1500000  9/2  

44  8/52  124900    0  2500000  0/5  

40  0/48  372900    0  4600000  1/8  

36  2/43  885800    0  9500000  3/9  

32  4/38  930700    0  24000000  9/3  

28  6/33  1656000    0  92000000  8/1  

24  8/28  984900    0    0  

20  0/24  1227000    0    0  

16  2/19  1356000    0      
                                                                                                       :8/62                            :9/38  
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:   

      )                (
.        

-   .      
-  )  k :(pci 100 )3MN/m1/27( 

-    :     in. 4 )cm10( 

 :   2/1  
- )   MR :(psi 650 )MPa5/4( 

:  
        in. 4 )cm10 (             

 )-1-3    (pci100=k )3MN/m1/27 (  )  -   (pci280 
)3MN/m76 ( .  

          in. 10 )cm25 (         
 )  -1-6  ( .                

 6/0   97   29 .                   100 
         ) in. 10 ()cm25 (  .          

  in. 5/9 )cm24 (              142      
   .              

  
  
  
  
  
  
  

29-                       
    .     



 -3610/8/1396       

 :    
)   :(  in. 10                                                       ..  ......  :      ...  

   - ) K :(pci 280                                     ...  .......  :   ...  
 )  MR :(psi 650                                                        :  20   

)   LSF :(2/1                                                                   :in 4  

 
(kips)  

   
    

  
   

      

  
  

 
  

  
     

1  2  3  4  5  6  7  
8 -  :  167                         9 -  :   257/0            10-  :  72/2        

   
30  36  6310  1100000  6/0  630000  1  

28  6/33  14690    0  920000  6/1  

26  2/31  30140   0 1500000  2  

24  8/28  64410   0 2300000  8/2  

22  4/26  106900   0 4000000  7/2  

20  0/24  235800   0 7500000  1/3  

18  6/21  307200   0 17000000  8/1  

16  2/19  422500   0 50000000  8/0  

14  8/16  586900   0   0  

12  4/14  1837000   0   0  
11 -  :  147                 12 -  :   226/0                      13 -  :  90/2             

   
52  4/62  21320   0  440000  8/4  

48  6/54  42870   0  690000  2/6  

44  8/52  124900   0  1100000  3/11  

40  0/48  372900   0  2000000  6/18  

36  2/43  885800   0  3900000  7/22  

32  4/38  930700   0  8600000  8/10  

28  6/33  1656000   0  24000000  9/6  

24  8/28  984900   0   0  

20  0/24  1227000   0   0  

16  2/19  1356000   0   0  

                                                                                            :6/0                           :1/97  
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-1-4-     PCA     

                        PCA 

  .)    -1-10  (       4     
        . )   -1-11)     .  (-1-11 (

              .     
 ) -1-10  (ADT  ADTT              
             )          .-1-10    (

 .              

  -1 -10-        PCA

  
    ADT  

  
*ADTT   )kips( 

%          

1        
 )    (    800 -200  3-1   25  22  36  

2  
        
 )   (   

   ) (  
5000 -700  18-5  1000 -40  26  44  

3  

       ) 
(  

12000 -3000  
2    

30-8  +5000-500  30  52  
        )

  (    

+50000-3000  
4    

  

4  

       
 ) (  

20000 -3000  
2    

30-8  +8000-1500  34  60  
      )   

(  

+150000-3000  
4    

  
ADTT*         .  

  

  

  

  



 -3810/8/1396       

  -1 -11 -           *  

 
  

)kips(  

    1000   

  1    2    3    4  

   
4  31/1693        
6  28/732        
8  10/483  60/233      
10  96/204  70/142      
12  00/124  76/116  02/182    
14  11/56  76/47  73/47    
16  02/38  88/23  82/31  07/57  
18  81/15  61/16  15/25  27/68  
20  23/4  63/6  33/16  82/41  
22  96/0  60/2  85/7  69/9  
24    60/1  21/5  16/4  
26    07/0  78/1  52/3  
28      85/0  78/1  
30      45/0  63/0  
32        54/0  
34        19/0  
   
4  90/31        
8  59/85  01/47      
12  30/139  15/91      
16  02/75  25/59  34/99    
20  10/57  00/45  94/85    
24  18/39  74/30  54/72  16/71  
28  48/68  43/44  22/121  79/95  
32  59/69  76/54  63/103  54/109  
36  19/4  79/38  25/56  19/78  
40    76/7  31/21  31/20  
44    16/1  01/8  52/3  
48      91/2  03/3  
52      19/1  79/1  
56        07/1  
60        57/0  

 * kN45/4=kip1           .  



10/8/1396   -39 
  

       PCA   -        
  )         .-1-12   .    (     

      )   k  (    )   -1-12 (
   .                -

 )-1-2)  (-1-3   (.  
  -1 -12-       k 

   )    (  K   
pci 3MN/m  

        
   

  120 -75  
32-20  

       
      

  170 -130  
46-35  

       
     

  220 -180  
60-50  

         400 -250  110 -65  

  
 )-1-13( )-1-14( )-1-15 ( )-1-16 ()     ADTT(   

         . )-1-13) (-1-14) (-1-15( ) -1-16 (  
   1 1/1 2/1  2/1       1 2 3  4     .       

    20             20      
  ADTT        .30           

   20/30   .  ADTT               
   ADTT                     k 
-     .         ADTT   )   -1-7 (

    .        

)-1-7(      
 

  

  

  

)ADTT (×100 
ADTT=   

        



 -4010/8/1396       

  -1 -13-     * -  1    -          ) 
(    **  

             
   -   

   
   -   

  (in)  
            

0/9 0/2  4     

Ps
i

 
65

0
  =

 M
R

25 8 2 4/5 0/1   4/5 
330 130 30 5 3 0/8 0/1 5 

  320 5/5  45 15 3 5/5 
    430 160 40 6 
      330 6/5 

0/1   4 0/4 0/1  5 

Ps
i

 
60

0
  =

 M
R

  

5 1 0/2 4/5 9 3 0/5 5/5 
75 27 6 5 98 36 8 6 
730 290 73 5/5 760 300 76 6/5 

  610 6   520 7 
        
        

Ps
i

 
55

0
  =

 M
R

  

0/6 0/2  4/5 1 0/3 0/1 5/5 
13 4 0/8 5 18 6 1 6 
150 57 13 5/5 160 60 13 6/5 

 480 130 6  400 110 7 
      620 7/5 

 *           . .      
          **  .  
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  -1 -14 -       *  -  2    -       **  
             

   -   
   

   -   
  (in)  

                  
42 9 3  5      

Ps
i

 
65

0
  =

 M
R

450 120 42 9 5/5 5    5/5 
4003  970 380 96 6 59 12 4  6 
  2600 710 6/5 490 120 43 9 6/5 
   4200 7 3100 840 320 80 7 
       1900 490 7/5 
        2500 8 
8 1   5 11    6 

Ps
i

 
60

0
  =

 M
R

98 23 8 1 5/5 110 24 8  6/5 
810 220 84 19 6 750 190 70 15 7 
5200 1500 620 160 6/5  1100 440 110 7/5 

  3600 1000 7   2300 590 8 
        2700 8/5 
          

Ps
i

 
55

0
  =

 M
R

  

17 3   5/5 19 4   6/5 
160 41 14 3 6 150 34 11  7 

1100 320 120 29 6/5 890 230 84 19 7/5 
 1900 770 210 7  1200 470 120 8 
  4000 1100 7/5   2200 560 8/5 
        4002  9 

 *           . .      
     **       .  

  
  
  
  
  
  
  
  
  
  
  
  
  
  



 -4210/8/1396       

  -1 -14 -   -     *  -  2    -           
            

   -   
   

   -   
  (in)  

                  
42 9 3  5      

Ps
i

 
65

0
  =

 M
R

450 120 42 9 5/5  5    5/5 
970** 700** 380 96 6 59 12 4  6 
2100** 1400** 1000** 650** 6/5 490 120 43 9 6/5 

  1900** 1100** 7 1200** 840 320 80 7 
      1500** 1200** 490 7/5 
       1900** 1300** 8 
8 1   5 11    6 

Ps
i

 
60

0
  =

 M
R

  

98 23 8 1 5/5 110 24 8  6/5 
810 220 48  19 6 750 190 70 15 7 
2100 1400** 620 160 6/5 2100** 1100 440 110 7/5 

  1900** 1000 7   1900** 590 8 
        1900** 8/5 
          

Ps
i

 
55

0
  =

 M
R

  

17 3   5/5 19 4   6/5 
160 41 14 3 6 150 34 11  7 

1100 320 120 29 6/5 890 230 84 19 7/5 
 1900 770 210 7  1200 470 120 8 
   1100 7/5   2200 560 8/5 
        2400 9 

      *        . .      
   **         .          .  
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  -1 -15-  -     * -  3   -         
            

   -   
   

   -   
  (in)  

                  
                    

Ps
i

 
65

0
  =

 M
R

320 83   6/5 250    7/5 
1900 550 220 52 7 1300 350 130  8 
9800 2900 1200 320 7/5 6200 1600 640 160 8/5 

 13800 5700 1600 8 11500** 7000 0027  700 9 
  23700** 6900 8/5   10800 2700 9/5 
        9900 10 

67    6/5      

Ps
i

 
60

0
  =

 M
R

440 120   7 310 73   8 
2300 680 270  7/5 1500 380 140  8/5 
10800 3200 1300 370 8 6200 1700 640 160 9 

 14100 5800 1600 8/5  6500 2500 630 9/5 
   6600 9   9300 2300 10 
        7700 10/5 

82    7      

Ps
i

 
55

0
  =

 M
R

  

480 130   7/5 300 70   8/5 
2300 670 270 67 8 1300 340 120  9 
9700 2900 1200 330 8/5 5100 1300 520 120 9/5 

 11700 4900 1400 9 19100 4900 1900 460 10 
  18600 5100 9/5  17400 6500 1600 01 /5 
        4900 11 

      *        . .      
   **          .         .  



 -4410/8/1396       

  -1 -15-   -     *  -  3    -           
            

   -             (in)                    
750 510 220**  7      

Ps
i

 
65

0
  =

 M
R

1400 890 640 320** 7/5 250** 60**   7/5 
2500 1500 1100 610 8 830 350** 130**  8 
4700 2700 1800 950 8/5 1300 900 640** 160** 8/5 
8700 4600 2900 1500 9 2000 1300 1000 680 9 

 0800  4700 2300 9/5 2900 2000 1500 960 9/5 
  7700 3500 10 4300 2800 2100 1300 10 
   5300 10/5 6300 4000 2900 1800 10/5 
   8100 11 9200 5700 4000 2500 11 
      7900 5500 3300 11/5 
       7500 4400 12 

440** 120**   7 310** 73**   8 

Ps
i

 
60

0
  =

 M
R

0140  680** 270** 67** 7/5 1300 380** 140**  8/5 
2500 1500 1100 370** 8 2000 1300 640** 160** 9 
4700 2700 1800 950 8/5 2900 2000 1500 630** 9/5 
8700 4600 2900 1500 9 4300 2800 2100 1300 10 

 8000 4700 2300 9/5 6300 4000 2900 1800 10/5 
  7700 3500 10 2009  5700 4000 2500 11 
   5300 10/5  7900 5500 3300 11/5 
   8100 11   7500 4400 12 

82**    7 56**    8 

Ps
i

 
55

0
  =

 M
R

480** 130**   7/5 300** 70**   8/5 
2300** 670** 270** 67** 8 1300** 340** 120**  9 
4700 2700 1200** 330** 8/5 2900 1300** 520** 120** 9/5 
8700 4600 2900 1400** 9 4300 2800 1900** 460** 10 

 8000 4700 2300 9/5 6300 4000 2900 1600** 10/5 
  7700 3500 10 9200 5700 4000 2500 11 
   5300 10/5  7900 5500 3300 11/5 
   8100 11   7500 4400 12 

 *           . .      
   **          .         .  

  

  

  

  

  

  

  



10/8/1396   -45 
  

  -1 -16 -   -    *    -  4   -         
            

   -    
  

   -   
  

(in)  
 

         
        

400    7 270    8 

Ps
i

 
65

0
  =

 M
R

2100 620 240  7/5 1300 340 120  8/5 
9800 3000 1200 330 8 5600 1500 580 140 9 

41100** 12700 5300 1500 8/5 14700** 5900 2300 570 9/5 
 44900** 21400 5900 9 25900** 18700** 8200 2000 10 
  52000** 22500 9/5 45800** 31800** 24100** 6700 10/5 
   45200** 10   39600** 21600 11 
        39700** 11/5 
          

Ps
i

 
60

0
  =

 M
R

490 130   7/5 300    8/5 
2300 690 270  8 1300 340 120  9 
9900 3000 1300 340 8/5 5200 1400 530 120 9/5 
40200 12000 5000 1400 9 19300 5100 1900 480 10 

 45900 18800 5200 9/5 45900** 17500 6500 1600 10/5 
   18400 10  53800** 21400 4900 11 
       65000** 14500 11/5 
        44000 12 

480 130   8 260    9 

Ps
i

 
55

0
  =

 M
R

  

2100 620 250  8/5 1100 280   9/5 
8200 2500 1000 280 9 4000 1100 390  10 
30700 0093  3900 1100 9/5 13800 3600 1400 320 10/5 

 32900 13600 3800 10 46600 11600 4300 1000 11 
  46200 12400 10/5  37200 13100 3000 11/5 
   40400 11   40000 8200 12 

      *        . .      
   **          .         .  



 -4610/8/1396       

  -1 -16 -    *     -  4   -           
            

   -         -     (in)                    
400** 100**   7 270**    8 

Ps
i

 
65

0
  =

 M
R

910 620** 240**  7/5 990 340** 120**  8/5 
1700 1100 770 330** 8 1500 1100 580** 140** 9 
3100 1900 1300 720 8/5 2300 1600 1200 570** 9/5 
5700 3200 2100 1100 9 3400 2200 1700 1100 10 
10200 5500 0034  1700 9/5 4900 3200 2300 1500 10/5 
17900 9200 5500 2600 10 7200 4500 3300 2000 11 

    10/5 10400 6300 4500 2700 11/5 
 24200 13600 5900 11 14900 8800 6100 3600 12 
   12800 12  16800 11100 6300 13 
        10800 14 

490** 130**   7/5 300**    8/5 

Ps
i

 
60

0
  =

 M
R

1700 690** 270**  8 1300** 340** 120**  9 
3100 1900 1300** 340** 8/5 2300 1400** 530** 120** 9/5 
5700 3200 2100 1100 9 3400 2200 1700 480** 10 
10200 5500 3400 1700 9/5 4900 3200 2300 1500 10/5 
17900 9200 5500 2600 10 7200 4500 3300 2000 11 

     10400 6300 4500 2700 11/5 
 24200 13600 5900 11 14900 8800 6100 3600 12 
   12800 12  16800 11100 6300 13 
        10800 14 

480** 130**   8 260**    9 

Ps
i

 
55

0
  =

 M
R

2100** 620** 250**  8/5 1100** 280**   9/5 
5700 2500** 1000** 280** 9 3400 1100** 390**  10 
10200 5500 3400 1100** 9/5 4900 3200 1400** 320** 10/5 
17900 9200 5500 2600 10 7200 4500 3300 1000** 11 

     10400 6300 4500 2700 11/5 
 24200 13600 5900 11 14900 8800 6100 3600 12 
   12800 12  16800 11100 6300 13 
        10800 14 

 *           . .      
   **          .         .  

-1-4-1-          PCA    
         PCA :        

- )         ADTT ) .(      
   .(      4    4   ADTT  )    -

1-3)   .   (-1-10  (ADT  ADTT          
                .  ) -1-10   (

.                
- )    1 2 3  4.(  
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-                )-1-13) (-1-14) (-1-15  (
)-1-16( .  

:   

          PCA    .  
                   ADT   

6200         1440 ADTT   630       Psi 650 )Mpa 5/4 (
             in 4 )cm10     (      Pci 150   

)3MN/m 7/40.  (   
:   

   )          -1-10      (    3    
)   .-1-2  (K         psi170 )3MN/m46  (     

   ) -1-12   (–     . ) -1-15-  (  
        psi650        in 5/7 )cm 19 (          

-    ADTT   1200            in 7 )mm 178   (
ADTT   220           .ADTT    630  

    in 5/7 )cm 19   (.  

-1-5-       

  PCA              .
                         

         .  

-1-6-       30  

       PCA)           (  
          .            

                       
     .      (      )    

                .        

30- Lean concrete 



 -4810/8/1396       

           31    32      .
                               

 (     )      (   )           
                            .

      60                   .
                        

  .                    
    )  .-1-10              (

   )   -1-11       (             
             .           . 

  (    )                 
     (     )             

        .  
                         . 

    9 ) 229       (4   5  ) 102   127   (   
       .) -1-10)  (-1-11  (      

       )    (   )        (   
    (  )   .         psi 150 

 psi 200 )2kg/cm10  2kg/cm 14      ) (psi 750   psi 1200 )2kg/cm5/25   2kg/cm 
84 ((             .       

        .           (  ) -

                    .  

:   

        10 ) 254        .    (
         psi200 )MPa4/1   (5 ) 127      (
  .             psi650 )MPa 5/4.  (  

  

31- Bonded 
32- Unbonded
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:   
)       -1-10          ()10       (

            5         .      
      5      )         psi200   (

                 .        
  7/7 ) 196  (    .  

  
  -1-10 -      )   (    

  
 
 
 

 
 

 
 

 
)

 
 

 
ps

i
60

0
  

ps
i

 
70

0
 (  

)    psi(  

 
 

 
 

 
)

 
 

 
ps

i
50

0
  

ps
i

 
60

0
 (  

        
 .
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  -1-11 -  -      )       (  
)2kg/cm 07/0psi=1(  

-1-7-       PCA  

  PCA )1975 ()         -1-17  .    (  

          1
8

       .         

PCA )1991     (       10 ) 254    ( 
    25/1 ) 32           (10  ) 254           (

     5/1 ) 38            .   (
  14 ) 36 .  (  

  

  

 
 

 
 

 
 

 
)

 
ps

i
50

0
  

ps
i

 
60

0
 (  

)    psi(  

 
 

 
 

)
 

 
 

ps
i

60
0

  
ps

i
 

70
0

 (  

 
 

 
 

)
 

 
 

ps
i

60
0

  
ps

i
 

70
0

 (  

      
   .  

    )psi( 
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  -1 -17-          PCA  
   

) (  
     

) (  
     

) (  

5 )127(  5
8

 )16(  12 )305(  

6 )152(  3
4

 )19(  14 )356(  

7 )178(  7
8

 )22(  14 )356(  

8 )203(  1 )25(  14 )356(  

9 )229(  11
8

 )29(  16 )406(  

10 )254(  11
4

 )32(  18 )457(  

11 )279(  31
8

 )35( 18 )457(  

12 )305(  11
2

 )38(  20 )508(  
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 2  

        ACI     

-2-1-         ACI-211    
:   

                 SSD       
      ACI  :  

  28  N/mm² 25 mm 50         5/0       
3kg/m 335  ( )  6/2   )  1    ()   (  

  40      68/2      64/2     

kg/m³ 2580  kg/m³  1600 )   (     ( )   ( )  2 
 6  .          5/0             

 7/0 .    
  

:  
  :    

                     
 . ACI         25   75   ) 1   3     ( 

      10  75   .  
          50              

  .  

  :       

          10          .   
           .          

 .                      
                   5/37   

     63       .    
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              40  .    

 :                

  )-2-1(                   -
       )  ACI        25  75   

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

  -2-1-      3kg/m        
  

 )(  
   ) ( 

5/9 5/12 19  25 5/37 50  75 
     

50-25  207 199  190 179 166  154 130 
75-100  228 216  205 193 181  169  145 

   33       3  5/2  2  5/1  1  5/0  3/0  
   

50-25  181 175  168  160  150  142 122 
100-75  202 193  184 175 165  157 133 

           5/4  4  5/3  3  5/2  2  5/1  
 6  5/5  5  5/4  5/4  4  5/3  
  5/7  7  6  6  5/5  5  5/4  

  
                         

 .     )-2-1(      )   50      (     
 )40      (  .  

40 37.5W 166 166 154 164 Kg / m³
50 37.5

  

        )  (           1    
 ) A=%1 .(  

     :  ) W/C(  

     .                      
)-2-2 (  .          )       (2    

    6    )                  
    .(               19   

33- Entrapped air 
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25   .          .      
                .    

   ACI                     
          )    (        

     5/0                   
 45/0    .          II   V       
      05/0 .    

                   
   53/0          49/0   .     

             25 .    

  -2-2 -            

   28 ) (  
      

        

40  42/0  -  

35  47/0  39/0  

30  54/0  45/0  

25  61/0  52/0  

20  69/0  60/0  

15  79/0  70/0  

                    
                  )    -2-1(   

)-2-2( .  
)-2 -1                                                                                             (        + 1.34 s + 1.5 c= f cmf   
)-2 -2(                                                                                                      4.0 -+ 2.33 s  c= f cmf   

   cmf          cf      
  s    ( )  30   )   ( .  

       30            
     )-2-3(       .  
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  -2-3-       
 *       

15  16/1  

20  08/1  

25  03/1  

30    00/1  

                           *           .  

                  
       )-2-4 ( .  

  -2-4 -                 
  ) (    )  (  

21<fc 35 +8.3 c=fcmf 
fc>35 +5c=1.1fcmf 

    )-2-2(      25               
  61/0                  5/0   
       5/0     .  

   :   )C(  

         )         (           )
  (             .       

             335  355            
.     

w 164C 328  Kg / m³
w / c 0.50

  

           335             
    335           .  

 :      ( )    

                                
)-2-5(                 .     

                 )   
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   (  .        1600  1800     
.  

            )          
   (        10                 .

        )      (        10 
                            

  .    

  -2-5-       
     

)(  

              

4/26/28/23
5/9 50/0 48/0 46/0 44/0 

5/12 59/0 57/0 55/0 53/0 

19 66/0 64/0 62/0 6/0 

25 71/0 69/0 67/0 65/0 

5/37 75/0 73/0 71/0 69/0 

50 78/0 76/0 74/0 72/0 

75 82/0 8/0 78/0 76/0 

  
        40       6/2   :   

 40 37.50.73 0.76 0.73 0.74
50 37.5

         

     3CA 1600 0.74 1184 Kg / m       

 :     ( )   

    ( )            : 

   : 

                         
                ) -2-3(.   

)-2 -3(                                                                                                                S=U-G-W-C  
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   C W  G                      
  U   34      .    

          .           
     )  -2-6  ( .  

  -2-6 -        

     
)(

       
)   (  

        
5/9 2280 2200  

5/12 2310 2230  

19 2345 2275  

25 2380 2290  

5/37 2410 2350  

50 2445 2345  

75 2490 2405  

               )    330   
    7/2    75  100   (              

                      
)     -2-4.   (  

)-2 -4  (                                                                  a
a a

c

GU 10G (100 A) C(1 ) W(G 1)
G

  

   U    aG            )SSD( cG 
  )  15/3 (A      C  )   (    

 W )    (  .     
             )SSD  (     

)-2-5  (.  

)-2 -5                                                                   (                                )G+G(
2
1

=G FACAa  

   CAG  FAG               )SSD.  (  
-   (  )  

34- Fresh concrete 
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                 )( .   
    )-2-6( ) -2-7 (                    

.  

 )-2-6(                                                                                      FA CA C W
AV 1 V V V

100
           

   FAV CAV CV  WV               A   
 .      

)-2 -7                                                                  (FA FA
CA C

CA CFA 10G (100 A) G ( W)
G G

  

   FA  CA      ( )   ( )           
 .    .  
          :    

  =  68/2  =CAG  
  =  64/2 =FAG  

   ) aG  :(                                 )=0.5(2.68+2.64)= 2.66FA+GCA(G1
2

 =aG 

a
a a

c

GU  10 G 100 A C( )1 W G 1
G

  

32.66U 10 2.66(100 1) 335(1 ) 164(2.66 1) 2413Kg / m
3.15

 

FA=U-CA-W-C 
  3335= 730 kg/m-164-1184-FA= 2413 

 U CA W  C                 .     
    :    

 

  
 :            

                          )SSD (
                   .         

      SSD )    (  )       

FA FA
CA C

CA CFA 10G (100 A) G ( W)
G G

31184 335FA 10 2.64(100 1) 2.64( 164) 733kg / m
2.68 3.15
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(               .       
)-2-8) (-2-9)  (-2-10  (.  

)-2 -8   (                                                                                                               W CACA CA(1 w )  
)-2 -9   (                                                                                                               )w+1(FA=FA FAW  
)-2 -10                                                (corrected CA SSD,CA FA SSD,FAW W CA(w w ) FA(w w )   

   WCA  WFA         CAw  FAw       
    CA,SSDw  FA,SSDw        .      
      :  

3
W CACA CA 1 W 1184 1 0.02 1208  kg / m  

3
W FAFA FA 1 W 730 1 0.06 774  kg / m 

 
  :   

corrected CA SSD,CA FA SSD,FAW W CA(w w ) FA(w w )  

3
correctedW 164 1184(0.02 0.005) 730(0.06 0.007) 108 kg / m  

               :    

 SSD   

335 335 ) kg/m³(

108 164 ) kg/m³( 

0812  1184 ) kg/m³( 

774 730 ) kg/m³( 

  
 :     

        )20   (              
  .      :  

-    
      .    .           

    1                  2 
             )            

             .(  
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-    
                      

   .                             
.  

-      
                 .        

          .        
      :  
1-     ( ).     
2-    1                      

   3           )        
                        

                       
 .(    

3-                             
                 :  

A= (   ) -(   ) = A  -A  

U  =U /(1+ A) 

                       .   
                    .  

                         
                           

 .  
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-2-2-           
:  

                .          
                           .

                    .   
         )( .    

         
   28  cf  MPa  25  

   S MPa    
    5   mm 50   

       W/C  53/0  

    3Kg/m  335  

        

        
         

 2 15/3  

       
       

  SSD600/2  500/2  

     6/2  2/3  

       

   50    

   17    

   19    

   )(  
  

)(  25  19  5/12  5/9  75/4  38/2  19/1  6/0  3/0  15/0  

  100  90  60  20  2  0          
  100  100  100  100  90  65  40  25  15  7  
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:   

               )-2-7( .  

  -2-7 -         
  ) (  

S1   10  40  

S2    50  90  

S3    100  150  

S4   ) (     160  

  *      10      210                  
     .  

  

                        
         (  )          

   .       5        
      28  .      

)       -2-11)  (-2-12()          (
 .    

)-2 -11                                                                                           (         + 1.34 s + 1.5 c= f cmf   

)-2 -12(                                                                                                    4.0 -+ 2.33 s  c= f cmf  
   cmf         2N/mm cf      

 2N/mm s    ( )      2N/mm .  
          :   

  
(         

                        
 .               .       

        2N/mm 5  .  
 )    -2-13(  .  

)-2 -13 (                                                                                      
2x m

S
n 1
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     x   m      n  .    
)   -2-13     (30               

)    -2-14 (                  
)    -2-13   (        .  

)-2 -14                                                               (
1

22R 0.75 
n

      

   n  .    
            30         
  30  )   -2-15  ( .  

)-2 -15   (                                                                                  
1

2 2 2
1 1 2 2

1 2

n 1 s n 1 s
s

n n 2
  

  s         1s  2s           
  1n  2n    .        

        2N/mm 5/2 .     

-                 
                      

            )      (
)  -2-8 (.    
    3        .            

 )-2-9  (.  

   -2-8-            

 
)   2N/mm(

16202530  35  40  
 5/23 5/34 5/4  
  5/34 5/4  5 5/5 
  5/4  5 5/56 5/6  
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  -2-9 -             

     
  

        
        

         
          
         

        
        

               

  
             :  

                  ) (         
)-2-8  (     ) (     25         5/4 

   .       .     
fcm=25+1.34×4.5+1.5=32.5 Mpa 
fcm=25+2.33×4.5-4=31.5 Mpa 

         Mpa5/32 .  
              .    

 :          ) (  

      (  )        )      (
      28                  

 )    (   ) -2-1(   .      1  2  
          19  25  .      
-             ) (         

    4  5            3      
   12  15                    5/0   

   12  15    44/0  425/0 .  
-      )    (             

     (R)    (C)  .    
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-      28               
393      325          325      

          325            
     .  

325 ÷  )     28  = (       

  
         28   325  525         

     .                 28    
   525                    525   .  
                    325 425  

525  )  5  (            .      
-             28       

      28       )         
389 (     )    3432 (         ) 

   3517 (     )    4220  (       .    
)-2-10   ( 28          .      

  -2-10 -    28           

    
    28 

   
)2(kg/cm  

    
    

28   
)2(kg/cm  

 325-1  325     300  

 425-1  425      275  

 525-1  525     320  

  2  315       300  

  5  270     330  

  
)     -2-10  (                

 .    
-                          5   

    28        28     325-1     
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  R – 325  C – 325             .            
 )-2-11( ) -2-12  (.  

  -2-11-           28      325-1  

   28   42   56   90   

  325-1  00/1  05/1  1/1  2/1  

  2  97/0  05/1  1/1  2/1  

  5  85/0  95/0  05/1  2/1  

   92/0  97/0  05/1  2/1  

    85/0  92/0  05/1  2/1  

   00/1  05/1  1/1  2/1  

      92/0  97/0  05/1  2/1  

  -2 -12 -           28       

   28   42   56   90   

  325-1  00/1  05/1  1/1  2/1  

  2  00/1  08/1  13/1  24/1  

  5  00/1  12/1  24/1  41/1  

   00/1  05/1  14/1  3/1  

    00/1  08/1  24/1  41/1  

   00/1  05/1  1/1  2/1  

     00/1  05/1  14/1  3/1  

  
-       )           (      5/0   

   ) -2-2  .   () -2-1(          
       5/0                1   2 

  .  
            2          
    ) -2-1    (    .     
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10

15

20

25

30

35

40

45

50

55

60

65

70

0 3 0 35 0 4 0 45 0 5 0 55 0 6 0 65 0 7 0 75 0 8 0 85 0 9 0 95 1

    

(N
/m

m
2 )  

 

R     325   C    325   

R     425   C    425   

R     525   C    525   

325-R

325-C

425-R

425-C

525-R

525-C

   : C
 : R

y = 505.05x3 - 769.26x2 + 305.34x + 6.9242

y = 545.45x3 - 823.38x2 + 319.24x + 11.818

y = 707.07x3 - 1087.4x2 + 450.57x - 5.6061

y = 525.25x3 - 817.75x2 + 313.6x + 22.121

y = 545.45x3 - 894.81x2 + 369.48x + 13.818

y = 573.91x3 - 984.34x2 + 435.71x + 4.4767

  
  -2 -1 -              

y = 107 59x2 - 198 24x + 102 72
y = 126 73x2 - 228 34x + 116 36
y = 123 42x2 - 234 33x + 122 57
y = 119 86x2 - 240 12x + 130 32
y = 80 04x2 - 207x + 126 63

y = 43 589x2 - 173 59x + 124 01

10 0

15 0

20 0

25 0

30 0

35 0

40 0

45 0

50 0

55 0

60 0

65 0

70 0

0 3 0 35 0 4 0 45 0 5 0 55 0 6 0 65 0 7 0 75 0 8 0 85 0 9

    

(N
/m

m
2 )  

 

R     325   C    325   

R     425   C    425   

R     525   C    525   

325-R

325-C

425-R

425-C

525-R

525-C
   : C

 : R

  
  -2 -2-               

-                     -

                    .    
        .   (   )     
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28     2 )     -2-10 (       2   

2kg/cm 315       .         :  
97/0=325÷315=325 ÷  )     28  (=       

      50       –R325  –C325     .
   Mpa5/32           )  - 2-1 (    47/0  

52/0      495/0 . 

3
W kg0.495 0.97 0.48
C m

  

     )     53/0 (        48/0    
 .  

 :         )     (    

-      

)  -2-13 (       .         
 A B  C           .      

   A  B          B  C     
    .               

    .    A  B          B   
         B  C             

        .  
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  -2-13 -     ) (  

  

 -               
                    

     .              
 .                  

   .                      
   )  x y z      .(...        

                .        
        .             

            .      

-            

                  
 .                     
                         

   .                
    )    (  .  
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-    )  (    
  )  (               5/37 

19 5/9 75/4 38/2 19/1 6/0 3/0  15/0    100          .     25 
 5/12 35/6                         
                   

)   .  -2-14 (  ) (          
  .  

  -2-14-               
  
 )(  

5/37   25   19   5/12   5/9   

AB  C  AB  C  AB  C  AB  C  AB  C  
  

   
45/6  48/5  45/4  94/5  05/5  12/4  49/5  68/4  86/3  00/5  26/4  52/3  60/4  92/3  27/3  

  
 -              

                    
    . )      -2-16  (.  

)-2 -16(                                                                                   
SSD

1 2 n

A
1 2 n

A A A

1G p p p...
G G G

   

   
SSDAG           1P  nP    

           
1AG 

nAG       
   .    

                            
                       

      .        
  

-    )  (          
      )    -2-17  ( .  

)-2 -17                                                                                   (  
321

3n32n21n1
nG PPP

aPa.Pa.P
a 
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   nGa     nia        iP           
.  

 nGa        .           
           .  

-     )  (            
   )  (                    

)-2-18(  .  
)-2 -18 (  

   nea        nGa  
   nsa     GP     SP .     

                   
       .             

          .      
              19        

  90     19               
 19A  19B     19B  .  

       50     .      ) 
 (               40      60     

        .     25             19 
       .          45   40    

 55  60  .  45    55            
      40    60  .    

  
  
  
  
  
  

G nG s ns
ne

G s

P .a 2P .aa
P 2P
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  25  19  5/12  5/9  75/4  38/2  19/1  6/0  3/0  15/0  

50    50  45  30  10  1  0          

50    50  50  50  50  45  5/32  20  5/12  5/7  5/3  

  50-50  100  95  80  60  45  5/32  20  5/12  5/7  5/3  

 19B 100  100  84  75  55  40  28  18  11  5  

 19A 100  100  75  62  38  23  14  8  4  2  

40    40  36  24  8  8/0  0          

60    60  60  60  60  54  39  24  15  9  4  

  40 -60  100  96  84  68  55  39  24  15  9  4  

45    45  5/40  27  9  9/0  0          

55    55  55  55  55  5/49  8/35  22  8/13  3/8  9/3  

  45 -55  100  5/95  82  64  5/50  36  22  14  5/8  4  

   :    

)  -2-14 (            ) 5/12   (
   . 

 4 32 45 61 76 85 91 96F.M.  4.90
100

 

  
   19A  49/5   19B  68/4      .  

         :  

SSDA
1G 2.539 2.540.4 0.60

2.600 2.500

    )  (            

             . 

ne
0.4 50 2 0.60 0 20a 12.5

0.4 2 0.6 1.6
 

  :      
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       ( )           
      .  ) -2-3  (           

                      .  ) -2-4(      
                       .    

( )             .    

  
  -2 -3-        ( )         )    (  

  
  -2 -4 -        ( )         )     

(  

             .      3kg/m 350 
  .     3kg/m 10     1  3kg/m 2        .    
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   .  

                   .        1 
      75/0  3kg/m 1     .     

         .  
               10      

 5/0  1                       10 
      5/0       .         
                .      

  )    (          10          
  5/0  1 .      

               .          
       5/3  4       .   

           5  12      )   
 (   .                  12   35 

             .    
                        .   
  90/4    )  S2   -2-7 (     170 ) -2-3 (  

   190 ) -2-4 (           172     
. 

170+0.125(190-170)=172 
      172     .  

 :   )   (  

                       
)   -2-19  (.  

)-2 -19 (                                                                                                                             fWC W
C

  

   W
C

     fW    C  .    
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        3kg/m 350              
                 .  

                      
                .       

       .     
                       

             .           
                             

  .     
-         
-           
-          
-                     

                          (   )    
-                   
-               .   

             .          
         .  

                      
           .  

         )          (    
            K  )  -2-20.(  

)-2 -20(                                                                                                     
M.kC

W
C
W f

e

   

  
e

W
C

       fW    M     .    

          33     ) 25         
 (                        

                .      
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        .  

 k      325  425            2/0  4/0    
 .  

        11   ) 10        (    
                 .  k         

       2               45/0   
              k  1        .

                       3kg/m300 
     30      270 .     

  

     :                                                                   3
172 kgC 358
0.48 m

                  

               )3kg/m335(      
      358     .  

      350          .     
   )-2-3)  (-2-4(    350           10   

      1  2    .  

3
358 350 kgC 1.5 1

10 m
 

     1         173       
 360 .     

 :      

        .                
) -2-21 (  .  

 ) -2-21(                                                                             
SSD

f
A a

c w D

wC DV   1000- V  

  
SSDAV             3dm C       3kg/m 

fW      3kg/m D        3kg/m Va          
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   (   )3dm c     3kg/dm w     3kg/dm    
1    D      3kg/dm .  

       )  -2-22 ( .  
)-2 -22                                                                                       (            

SSD SSDSSD A AA  V 

   SSDA           3kg/m  
SSDA       

      3kg/dm 
SSDAV              

3dm .    
                               

) -2-15  (   .  10              
   .  

  -2-15 -     )   aV(  

  ) mm(5/9 5/12 19 25 38 

  3-5/15/2 -25/12-15/1 -75/01-5/0

                   
  .                        

) -2-16  ( .  

  -2-16-           

      
3kg/dm  

       
 3kg/dm  

  1  )(  10/3 -05/3     ( )  60/2-50/2  
  2  15/3 -10/3       80/2 -70/2  
  3  10/3 -05/3        20/3 -8/2  

  4  20/3 -15/3       00/4 -80/3  
  5  25/3 -20/3     30/2 -20/2  
   10/3 -05/3      70/2 -50/2  

    05/3 -00/3     )(  65/2-50/2  
   05/3 -00/3    4/2 -2/2  

    00/3 -95/2      4/2 -2/2  
   10/3 -05/3  
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      .              

   )SSDiA   (  .  
                           

          )      -2-23 ( .    

)-2 -23    (                                                                                                         
ci

SSDi
di a1

AA  

   diA        3kg/m 
SSDiA        

  cia    )  .  (  
  )  tW)       (fW      (        

 )dA – SSD(A .  
                     

                  .     

   

        5/1    )  -2-15         (  
          : 

3SSD
360 173 kgA 2.54(1000 15.0) 1772
3.15 1 m

-  

       :  
GSSD =1772×0.4=709 Kg/m3 
SSSD =1772×0.6=1063 Kg/m3 

           .     

SSDA
360 173V (1000 15.0) 697.71 lit
3.15 1

-  

VG =0.4×697.71=279.08 lit, VS =0.6×697.71=418.83 lit,  GSSD=279.08×2.6=726 Kg/m3,    
SSSD =418.83×2.5=1047 Kg/m3 

   :     

                                                                                  :    
3d

3d

709 KgG 691
m1 0.026

1063 KgS 1030
m1 0.032
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                                                                               :    
3d

3d

726 KgG 708
m1 0.026

1047 KgS 1014
m1 0.032

 

                .  
Wt =172+(709-691)+(1063-1030)=223 kg/m3 

                     
                  .     
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BS4550 
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1692 
1693  
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190  
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   T162 C305 
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   T131 C191 
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   T154 C266 
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35- Blain test 
36- Wagner turbidimeter 
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Part3 T106 C109 
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C243       " 20 

394  
BS4550 
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        C452     " 24 
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        C596     " 26 



 -8210/8/1396       

  -3 -2-        

ISO BSI AASHTO ASTM   - 

302  
BS882 

BS1201 
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M-6 C33       1 
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BS812 
Part1  
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C295   " 3 

4977  
BS812 
Part1 T27 C136    " 4 

  
BS812 
Part2 T255 C566    " 5 

T142 C70     " 6 

  
BS812 
Part2 T19 C29 (   )    " 7 

611 
578  

BS812 
Part2 T85 C127       " 8 

1086  
BS812 
Part2 T84 C128       " 9 

449 T104 C88   " 10 

578    C682 
      

      " 11 

669  
BS812 
Part3   

    " 12 

4979 T21 C40   " 13 

   T71 C87 
       

  " 14 

446  
BS812 
Part3 T11 C117 

     200 )75 
( " 15 

T113 C123    " 16 

  
BS812 
Part1   

    " 17 

4978 T112 C142      " 18 

C235  37 " 19 

    C227 
       

 (   ) " 20 

C1260    ) ( " 21 

    C289 
    ) 

( " 22 

C586      " 23 

    C342 
      

 " 24 

19038-1  
BS1377 

Test9   
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37- Soft particles 
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          1  
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RC2* 488 
Part3   

    3  

RC3* 488 
Part5   

           
)        9 ( " 4 

RC4* 488 
Part3   

       " 5 

RC5*    )   ( " 6 

RC6*    
   )      
 ( " 7 

RC7* 488 
Part7   

     " 8 

RC8* 488 
Part3   

   " 9 

*RILEM – CEB - FIB 
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BS1920 M157 C94    1 
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   " 15 

T158 C232    " 16 

   T157 C403 
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    C156 
         

  " 19 

C1064    " 20 

C1079    " 21 

38- Volumetric batching and continuous mixing 
39- Kelly bell 
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  M153 D1752       "  8 
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ASTM 
C203 
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40- Polychloroprene elastomeric joint seals 
41- Lubricant-Adhesive 
42- Preformed compression seals 
43- Preformed expansion joint filler 
44- Polystyrene board fillers 
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45 - Entrained air 
46- Simple beam with center – point loading 
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47- Compressible insert 
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48- Bond breaking board 
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49- Foam board/Foam core board 
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Fahrrenheit (temperature) Celsius tc = 1/8
32t f  

Foot Meter 30480/0  

Foot2(ft2) Meter2 092903/0  

Inch Millimeter(mm) 4/25  

Mile Kilometer 609344/1  

Pound-force Newton(N) 448222/4  

Pound- force/inch2 Kilopascal(kPa) 894757/6  

Tonne(metric) Kilogram(Kg) 1000 

Pound(mass) Kilogram 4565924/0  

Pound/inch2 (psi) Kg/cm2 07/0  

Pound/inch2 (psi) MPa 007/0  

Pound/inch3 (pci) MN/m3 271/0  

Celsius (temperature) Fahrrenheit 3281 )/t(t cf  

Meter Foot 280840/3  

Meter2 (m2) Foot2(ft2) 763915/10  

Millimeter (mm) Inch 03937/0  

Kilometer Mile 6213711/0  

Newton (N) Pound-force 2248089/0  

Kilopascal (kPa) Pound- force/inch2 1450377/0  

Kilogram Tonne(metric) 001/0  

Kilogram (Kg) Pound(mass) 60204/2  

Kg/cm2 Pound/inch2 5/14  
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