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1. Ь І І  

               4-    ь  191 
„   ”,   ь    

   ь 19 „   ”.. 
        ь 

        
 ь       

    ,   ь   
        
 '     . 

 

                     1.1.     

)         
  , '       , 

    ( . 1.1)    
    (       - 

1200, 1500, 1800,   - 600 ,     - 1200, 1500,   -       

600 ).          
  - 510;     - 640 .    -  

  .      
(   ь    )   .1.1. 

)   : 
-     ; 
-   ь ; 
-     ; 
-    

      
        . 

 

1.2. ь     
  .     ( ь  

)   (  ).    
 ,  ь  ь     

.  ь   ь    
    .      
   ( .1.2). 
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L0

 

                 . 1.2 -    ь   

                 
 . 

        :  – C16/20, C20/25,  ь  
 – 400C, A500C      - -І, 

240C. 

        .      ,  ь   
ь,   ь ,  ь ,  ь   

   . 1.3. 

                                        . 1.3.    

       ь     
hb=45 ( ),  hb=60( ),     ь   

  hb=60( ). 
        .            ,  
50 .  ь       ь     300  300,  - 
400  400 . 
          :   –  20/25,  25/30,               
-  400 , 500 ,     –  240 ,     - -І. 
        .       , 

      .  
      R0,. 

 

        1.3.    

        ь     ь  , , 
  ,   ,   

.        , 

  , ,     .   
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2.      
   

                                       

1.   –  ,  ( ь ); 

2. ь    – ; 

3. ь ь      –   4n f ; 

4.            –  H f 5,3 ; 

5.             –   =24 44 ; 

6.    :   υ = 6,5 , 

7.         –   ІV. 

8.     –  . 

9.     : 

         ;        ; 

                                   –      16/20            400  

                                   –     20/25          400  

                                   –    20/25          240  

                                   –  16/20     240  

   10.    ґ   -   R0  = 0,24 . 

2.1.     .     

            ь  
       ,   ь       ( .1.1). 

            – 400 .; 
               – 220 . 

         ь  : 
-    h = (1/10-1/15)l = (1/10-1/15)650 = 65...43,3 ; 

             h = 60 . 
-   b = 30 . 

                    : 
-      А  =  bc

2
= 300 × 300 =  90000 

2  
= 0,09 

2
. 

          b  = (1/10-1/15)∙ f. = 35…23 .           b  = 30 . 
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              . 2.1.     . 
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2.2.     

2.2.1.      

     ,  16/20:       
 ,     ь         

ь  f d =11,5 ,  ь   f td = f tk / t =1,3/1,5 ≈ 0,9 .            
  ь  E d = 20∙103 . ь ь    

   .     b2  = 0,9.  

    :    –  400 ,   .1.4 [5]  
ds≥10 , fyd=375 , ь    Es = 2,1∙105 ;          
   –       -І (   5   

fyd = 265 ),      –   ь  
    240 ,  .1.4 [5] fyd = 225 , fywd =170 . 

   ь   3-  .  
 ь      ь   
     40%.  

 
                  2.2.2. ,  ь    

 2.1 
 

№
 

№
/  

  

-      

 
- 

,    

 -

  -

 , fm  

 
 
, 

 

-

 
,   

 

    
    

  
(t=10 , 

8.1 / 3
) 

      0,18 1,2 0,216 0,18 

 (t=2 , 
8.1 / 3

) 
     0,036 1,2 0,043 0,036 

-  
 (t=15 , 
8.1 / 3

) 
      0,27 1,2 0,324 0,27 

 
  

       2,2 1,1 2,42 2,2 

ь             g m=3,0        g =2,7 

  
       6,5 1,2 7,8 6,5 

: 
     : 

4,3 

2,2 

1,2 

1,2 

5,2 

2,6 

4,3 

2,2 

               qm = 10,8        q  = 9,2 
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       2.2.3.        
 

       ь    ( .2.2). 

 

 

 
 2.2.    . 

 

  ь  ь    

                 1 2 

     2.1     h =40 , ›gs = 2,2 / 2
. 

       υ= 6,5 / 2
. 

       1 
2
    . 2.1.  

  2      (10).  
   fm    . 7 ( ). 

        1      
: 

,2,165,18,10 ìêÍsmm bgq  

          51,bs  - ь   . 
 

           ( . 2.3): 

 

 

.2.3.    ь  ь   . 
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                 b=30  

,0 abll s  

         cì640sl  - ь   ;  cì30b  -  ; 

ñì20à  -    . 

ñì.62515306400l  

    ь       
   : 

ñìêÍ09ìêÍ 171,79
8

25,62,16

8

22

0lq
M  

    ь   : 

êÍ.6,50
2

25,62,16

2

0lq
Q  

                     ь  . 

     ь     : 

cì85,39...9,2991,720...1520...15 33 Mh , 

 .,988  

         ь     c40h .  
        

 

 

   .2.4.  ( )    (b)  ь  . 
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         171708522 pbb  ,   
ñì144,5ìì1445401485202Bbeff ;   .550fh  

                           

(4 ),  5,345,540ahd  ,  65...  ,  
ь   ь   .     

    5,345,144dbeff  . 
    m : 

0399,0
15,15,345,144

7910
22

cdeff

m
fdb

M
; 

      .9 ( ): 
 α=0,039 → 05,0 ; 

       x : 

cìñì 538,15,340399,0 fhdõ ,                                                     

  ь    ь   ,     . 
     .9  ζ: 

.980,0  

      ь  : 

                                2cì24,6
5,375,34980,0

7910

yd
s fd

M
A , 

        .5,37375 2êÍ/ñìÌÏàydf  

    2 16 + 2Ø14 400    2cì1,7sA  ( , . 8).   
     (1  16+1Ø14) .   

       . 2.4. 

 

 

. 2.5.     ь   . 
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2

a
dahd sçø  

cì9,34
2

0,3
6,1240 ,  ь   ь  ñì5,34d ,  

20a  -    ; ìì16sd  -   
ь  ; 25  - ь    . 

 

                  . 
 

             ь   
   .      

      1/4  ь . 

        ь        Qma  = Vcd=  50,6   –   2.  
        ь       - 

= 7,1 
2
. 

                  -  

240 . 
             fywd=170 .  

 ь   f k, ri m = 15 ,   fcd = 11,5 .   
     fyk = 240 . 

         ь   .  
ь          

ь  :              
V D   ≤  VRd,  , 

         VRd,  – ,     ь   
 

VRd,  = υRd, · b  · d = 0,389 ∙ 10
3 ∙ 0,17 ∙ 0,349 = 23,1 , 

  b  = 17   -     ; 
            d  –     ь  , : 
              d  =  h –  – ds− /2  = 400 − 20 – 16 − 30 /2  = 349 ; 

            υRd,  = Rd,  · k ·(100 ∙ ρ ∙ fck)
1/3

= 0,0863 ∙1,757∙(100∙0,0113∙15) 1/3
 =0,389 ; 

             ρ = А 1 /b b·d = 7,1 / 18∙34,9  =  0,0113   -     ; 

             Rd,     -  ь      : 

Rd,  = 0,035∙3√f k, ri m = 0,035∙3√ 15  =  0,0863 . 

    k  =  1 + √200/d  =  1 + √200/349  =  1,757 . 

       : 

          

 



16 

 

V D = 50,6    >  VRd,   = 23,1 . 

        ь ,      
. ь   ь          ь      

θ=21,8
   ь: 

.59,2
25,61

4,05,2
5,11564,0

1

cot
2max, ÌÏà

tg

tg
fv cdRd  

 = 0,6∙[1 – (f k/250)] = 0,6 ∙ [1 –  (15 / 250)] = 0,564. 

   ь    

853,0
1000349,017,0

6,50

db

V

sp

CD
CD  . 

Rd,m  = 2,59  > D =0,853   
 ь . ь      

    d w,min = 6,0 .                  
А w= 0,57 2

. 

     : 

.35,13
17853,0

5,21708,057,0cot8,0
ñì

bv

fA
S

spcd

ywdsw

w  

         
   : 

20
2

40

2 w

wb
wk

h
S   .  h ≤ 45 .   

   Sw,k  ≤  50 . 
       

Sw,k  = 12,5 . 
       ь      ь  ь         

  

Sw,p ≤ ¾ ∙h    =  ¾ ∙40 =  30  .   ,   Sw,p  ≤ 50 . 
     ь    

Sw,p  = 30  . 
 

   

 .       
  ( . 2.6, ).       

  100bb .        
  (1600 ) ь       

    ììì 5,1150010016001l  ( . 2.6,  1-1).       
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ь        
24511245120214852 ,l  ( . 2.6,  2-2). 

     ,    1l   2l   ,   
      ,   . 

 

 

 

          .2.6. ,     . 
 

   З  ь.          
    1 

2
   50 ,    

( ) . 
        1 

2
  ( . 2.1). 

І.  я: 
                :   (10 ) - 2êÍ/ì216,01g ; 

  -     (15 )  - 2êÍ/ì324,02g  

    1 
2
  ìì50pt  3/52,..  – 

               2
3 /38111105205010 ,,,,tg fm..n . 

ІІ.  я: 
28,7 êÍ/ìm  
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   : 
          2

321 72,98,738,1324,0216,0 êÍ/ìms gggq . 

 

    .   ь        
.        

         ь , 
    100b ,    : 

ñìêÍìêÍ 4,31314,0
48

245,172,9

48

22

2lq
M s . 

      ñì.5,2
2

5

2

fh
d  

     m : 

0437,0
5,210015,1

4,31
52dbf

M

cd

m . 

     .6  : 

056,0 . 

      ζ : 
978,0 . 

       -І  4 . 
2cì352,0

5,365,2978,0

4,31

yd
s fd

M
A , 

 ÌÏà365ydf  (36,5 / 2)    4 -І ( , . 4). 

    5  4 -І , 2c630,As  (  200S ). 

 

    

       ь  . 

          .     ь    

( . 2.7, ).        
     ( . 2.6,  2-2). 

,

,hibBl p

1,2751275200400

102852148520022
 

 10,i  -     . 
        

    ( . 2.6, ). 
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. 2.7.   ( )    ( )  

 .   

       550b ,     10100bb , 

  20200h ;   : 

212105212
6

1275

6
,

l
b  

 ,     :  
ñì52ìì52010021022 bçâeff bbb . 

.550fh  

       20..h ;    .17320 cìahd  

    З  ь.      ,    
   ( . 2.5)      

  ь   ( . 2.6, ): 

ìêÍ73,121,0
2

21,1
272,9

2
2 1

bsm p b
l

qq . 

    ь        : 

ñìêÍìêÍ 5,172725,1
12

275,173,12

12

22lq
M

mp
. 

     fhx ,  
m
: 

                          01,0
175215,1

5,172
22dbf

M

effcd

m ; 

     . 015,0 ; 994,0 ; 

cìcì 5255,017015,0 fhdx , ь   ь   
. 

     : 

.28,0
5,3617991,0

5,172 2cì
yd

s fd

M
A  

    1  8 400 , 2c5030,As  ( , . 8), 

 2ñìêÍÌÏà 5,36365ydf     6, 8  ( , . 4) 

          

 



20 

 

2.3.     
 

           ь   ь  
    ,   ь  

 6,4 ,  1,5 ,  22 .    ь 
 .  ь   І,  ь  

    .       
 ь.  

 

2.3.1. ,  ь     

                                                                                                              2.2  

№
 

/  

            
 

-

 - 

, 
 

 
 

  
 

, fm  

   
 

- 

,  

 

     
 . 

 -  

, f  

-

 
-

,   
 

       

  
(t=15 , 4.2 / 3

) 
     0,105 1,2 0,126 

 

1,0 
0,126 

       

 (t=2 ,ρ=1,5 / 3
) 

      0,03 1,3 0,039 1,0 0,03 

-  
 (t=15 , 
8.1 / 3

) 
      0,27 1,2 0,324 

 

 

1,0 

 

 

0,27 

 

4 

     
(t=60 ,ρ=0,6 / 3

 
      0,36 1,2 0,432 

 

1,0 

 

0,36 

    
 

 

       3,0 1,1 3,3 

 

1,0      3,0 

ь       g m=4,22  g =3,786 

 -

: 
; 

; 

 

6,5 

4,3 

2,2 

       

        1,2 

        1,2 

        1,2 

 

   vm=7,8 

5,16 

2,64 

 

 

1,0 

1,0 

1,0 

 
 ve=6,5 

   4,3 

   2,2 

   gm+ m      12,02 ge + =   10,286 

 

        1 . .   ь    1,5   
      ІІ              

ь   fn = 1.0   :  
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       -   : 
             gm   =  4,22 ∙ 1,5  =  6,33 / ; 

         (gm + vm) = 12,02 ∙ 1,5 = 18,03 / ; 

 -  :  
               ge  =  3,786 ∙ 1,5  =  5,679 / ; 

          (ge + ve)  =  10,286 ∙ 1,5  = 15,43 / ; 

           (ge + vle) = 5,986 ∙ 1,5 = 8,98 / . 

 

2.3.2.        
                

ь   ь 
                    

         l0 =l2 – b – 2·  –2 ∙c/2- = 640 – 30 –2 2 – 2 ∙10/2  = 596 . 
               

                         lор. = l2 – b – 2·m = 640 – 30 – 2∙2 = 606 см. 
                          

         
. 

    ь   :  h = 22 . 
    

d = h –  – 0,5·D = 220-20-0,5∙20=190  = 19 . 
І             .2.9. 

 

1490

1470

2
2
0

159 26

3
1

1
5
9

3
0

 

. 2.8.    . 

 

469

1470

1490

3
8
,5

3
8
,5

2
2
0

 

. 2.9.    . 
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 .         

           h1 

h1=0,9∙d =0,9∙15,9=14,3 . 
               

 ь   ь  ь    
                                          hf

' = hf  =( h - h1)/2 = (220-143)/2 = 38 ; 
        ь   ь  ь,    bf

'=147 ,  bf=149 ; 
             b = bf 

'- 7∙h1 = 147 - 7∙14,3 = 46,9  . 
            , 

  -   . 

L0

.2.10.   . 

           ь 

           : 
               -     ь     l0 = 5,96                                         

         = 06,80
8

96,503,18

8

22

0lvg mm

∙ ; 

            -      

                                      Q = 73,53
2

96,503,18

2

0lvg mm
 . 

        :  
-  

                                   
e= 51,68

8

96,543,15

8

22

0lvg ee

 ∙ ; 

                                   Q = 98,45
2

96,543,15

2

0lvg ee

 ; 

-     

               
e
l= 87,39

8

96,598,8

8

)( 22

0lvg lee

 ∙ ; 

                                    Qe
l= 76,26

2

96,598,8

2

0lvg e
le

. 
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   , ь   ь   
 

        . 
  ь      b ff 

 
= 147 . 

         
)5,0(2 ffeffcdb hdhbfM ; 

),(1086,98)100()8,35,0-19(8,31475,119,01006,80 55 ÍñìñìÍ

  ь   /

fhx . ,    ь  , 

          hbeff . 

    m    

146,0
1914715,19,0

1006,80
2

2

2

2 dbf

M

tffcdb

m . 

                 = 0,198;      ζ = 0,921;       

                     = x / d ≤ ξr 

  r   :  

,65,0
0174,00323,0

0323,0

03,

3,

scu

cu
r  

 = 0,198 < r = 0,65,   ь ь : 

                        x =  · d = 0,198 ∙ 19 = 3,76 ( ) < h/
f = 3,8 . 

     

2,12
19921,05,37

1006,80 2

df

M
A

yd
f   2, 

               8 Ø 14 400  ,     Asf = 12,31  2,       

d = h –  – ds – /2 = 22 – 2 – 1,4–1,5 / 2 = 17,85 ( ) ≈ 18  ( ), 

 ≥ 2       ≥  1,5 ( ) –      ь  

.   
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             ь   
   .      

      1/4  ь . 

        ь        Qma  = Vcd=  53,73   –   2.  
        ь       - 

А = 12,31 
2
. 

                  -  

240 . 
             fywd=170 .  

 ь   f k, ri m = 15 ,   fcd = 11,5 .   
     fyk = 240 . 

         ь   .  
ь          

ь  :              
V D   ≤  VRd,  , 

         VRd,  – ,     ь   
 

VRd,  = υRd, · b · d = 0,48 ∙ 10
3 ∙ 0,469 ∙ 0,19 = 42,77 , 

  b = 46,9   -     ; 
            d  –     ь  , : 
                          d  =  h –   = 220 − 30   = 190 ; 

            υRd,  = Rd,  · k ·(100 ∙ ρ ∙ fck)
1/3

= 0,0863 ∙2,026∙(100∙0,0138∙15) 1/3
 = 0,48 ; 

                ρ = А 1 /b·d = 12,31 / 46,9∙19  =  0,0138   -     

; 

             Rd,     -  ь      : 

Rd,  = 0,035∙3√f k, ri m = 0,035∙3√ 15  =  0,0863 . 

    k  =  1 + √200/d  =  1 + √200/190  =  2,026 . 

       : 

V D = 53,73    >  VRd,   = 42,77 . 

        ь ,      
. ь   ь          ь      

θ=21,8
   ь: 
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.59,2
25,61

4,05,2
5,11564,0

1

cot
2max, ÌÏà

tg

tg
fv cdRd  

 = 0,6∙[1 – (f k/250)] = 0,6 ∙ [1 –  (15 / 250)] = 0,564. 

   ь    

603,0
100019,09,46

1073,53 2

db

VCD
CD  . 

Rd,m  = 2,59  > D =0,603   
 ь . ь      

    d w,min = 6,0 .                  
А w= 0,57 2

. 

     : 

.92,16
19603,0

5,21708,057,0cot8,0
ñì

bv

fA
S

cd

ywdsw

w  

         
   : 

                                
11

2

22

2 w

w
wk

h
S   .  h≤ 45 .   

   Sw,k  ≤  50 . 
       

Sw,k  = 10 . 
       ь      ь  ь         

  

Sw,p ≤ ¾ ∙h   =  ¾ ∙22 = 16,5  .   ,   Sw,p  ≤ 50 . 
     ь    

Sw,p  = 15  . 
 

                              2.4.     
 

2.4.1.  ь                                         
   

 
     1 2  ь   ,  

          ( . 2.2),     hbp = 60 ( ). 
    ь     ,    

  ь ,   – .     
      30 .,      – 20 .       
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     ь    

lo1 = lb1–b/2– lc/2+c/2 = 600–30/2–20/2+30/2=590 =5,9 ; 

                     lo2 = lb2 – b  – lc = 600 – 30 – 20 = 550  = 5,5 . 

          =200                                b=300                                     b=300                                

                                        20             20       

                                       20               20 

        100                        200 

        300        5900                                               5500 

                      6000                                               6000 

 

       .2.11.    ь  .                                  
 1              

                    g = gu + gp = 43,776 + 4,125 =  47,9 / . 

   1 2
   ь          

  ,    lp = 6,0 . 
  (gm) : 

-         
  n = 1,0, 

                    gu = gm· lp = 4,22∙ 6,0  = 25,32 / ; 

-    

                    gp = bbp· hbp  · ρ · f = 0,3∙ 0,6 ∙ 2,5 ∙ (10) ∙ 1,1 = 4,5 / , 

  ρ = 2,5 / 3
  -  ; 

,     

,      1       
       

                    g = gu + gp = 25,32 + 4,5 =  29,82 / . 

  

                     v = vm · lp  =  7,8 ∙ 6,0  =  46,8 / . 

  

                     q = (gu +g ) + v  =  29,82 + 46,8  = 76,62 / . 
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                      2.4.2.      

   -    20/25,       fcd=14,5 ,        
  f td  = 1,0 ,           b2=1,0; 

       -             400 ,                 

fyd = 375 ,    f ywd  = 285 ,   Еs = 2,1∙105
. 

 2.4.3.  ь,  ь    
  ь   

         

M = · q · lo
2  , 

  – ,  ь               

  . 
ь      I-                    = 0,                                                          

 = 0,278∙l1 = 0,278·6,0 = 1,67 . 

  : 

-   ь   

  QA = 0,4 · q · l01 = 0,4 ∙76,62∙ 5,9 = 180,82 ; 
-       
                          QB  = 0,6 · q · l01 = 0,6 ∙ 76,62 ∙ 5,9 = 271,235 ; 
-             

      QВ  = 0,5 · q · l02  = 0,5 ∙ 76,62 ∙ 5,5 = 210,71 . 
ь  ь           

 2.3. 

 2.3 

      

 

 

 

ь 
  

 (  
      

lo) 

          

q · lo
2 

∙  

    , ∙    

ь  
  

ь  
ь  

  

ь  

 

     1 2       3       4 5       6 7 8 

 

 

 

 

0,0 

0,2 

0,4 

0,425 

0,6 

0,8 

1,0 

  - 

+0,065 

+0,090 

+0,091 

+0,075 

+0,020 

- 

         - 

         - 

         - 

         - 

         - 

         - 

   - 0,0715 

      q · lo1
2
= 

=76,62∙5,9
2 
=

 
 

= 2667,14 

         - 

   +173,36 

   +240,04 

   +242,71 

   +200,04 

   +53,343 

         - 

 - 

        - 

        - 

        - 

        - 

        - 

190,70 

 
 

v / q = 
=46,8/29,8= 

=1,58 
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0,0 

0,2 

0,4 

0,5 

0,6 

0,8 

1,0 

- 

+0,018 

+0,058 

+0,0625 

+0,058 

+0,018 

- 

- 0,0715 

- 0,026 

- 0,003 

- 

±0,000 

- 0,020 

   -0,0625 

 
 

q · l02
2= 

=76,62··5,52= 
=2317,76 

         - 

  +41,719 

  +134,43 

  +144,86 

  +134,43 

  +41,719 

        - 

  -165,72 

  -60,262 

  -6,9533 

       - 

  ±0,000 

  -46,355 

  -144,86 

 

 

 

 

 

 

 

 

 

  

0,0 

0,2 

0,4 

0,5 

0,6 

      - 

  +0,018 

  +0,058 

  +0,0625 

  +0,058 

   -0,0625 

   -0,019 

   +0,004 

        - 

   +0,004 

 

 

    2317,76 

- 

  +41,719 

  +134,43 

  +144,86 

  +134,43 

  -144,86 

  -44,037 

   +9,271 

       - 

   +9,271 

 

 

2.4.4.        
 

    ь   ь      
 

  ь ь                
     ь ,    = 242,71 . 

      x =  · d ,  

 d –     ; 

  –     ь     αm . 

        d = hbp –  = 0,60 – 0,05 = 0,55  = 55 , 

                      b = 0,3  = 30 . 

           R = 0,64,  .3.1 [ 5 ] 

           R      αR 

                       αR  = R∙(1 – 0,4∙ R) = 0,64 ∙(1 – 0,4∙0,64) = 0,476. 

          ь    ( ь   b  = 25 ) 

                        h0,min = 24,34
476,0305,14

1024271max

Rpcd bf

M
 . 

         ь      

                        hmin = ho,min +  = 34,24 + 5,5 = 39,74 ,≈ 40 ., 
   = 5…6 . 

       ь     ,  

bp × hp =  30 × 60 . 
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            ho 

                                                                d = h  –  = 60 – 5,5 = 54,5 . 
            . 

          .        mαx =  242,71 ∙  = 24271 ∙ . 

   αm 

.209,0
5,54305,149,0

1024271
22

2 dbf

M

cdb

m  

     , ζ  .1  [5]: 
                                        = 0,295,            ζ = 0,882. 

       R=0,64, 

      = 0,295  <  R = 0,64   - ь . 
      ь    

46,13
5,54882,0375

1024271

osyd
s hf

M
A 2

. 

          ( 4 Ø 22 400 )    Аsf = 15,2 
2
.  

           ь  .  = 144,86   = 14486 ∙ . 

                                         αm= ;1245,0
5,54305,149,0

1014486
2

 

                   .1  [5]            = 0,165 ;              ζ = 0,934. 

                                        As = 59,7
5,54934,0375

1014485
 c

2
. 

   4Ø16 400      Аs= 8,04 
2
  

       .        d = h –  = 60 – 5 = 55 . 

          .    = 190,7 ∙  = 19070 ∙ . 

161,0
55255,149,0

1019070
2m ; 

 = 0,22;  ζ  = 0,912.     
      1 

14,10
55912,0375

1019070
sA 2

. 

   4Ø18 400 ,  Аsf  =10,18 c 2
. 
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          2.    = 144,86 ∙  = 14486 . 

αm= ;123,0
55305,149,0

1014486
2

 

                                           = 0,165;              ζ= 0,934. 

    Аs= 52,7

55934,0375

1014486
2

2
. 

    4Ø16 400      Аs= 8,04 
2
.   

                                                                                                                                    

  ,    ь    

       b× h = 30 × 60 , 

      Qmαx =  V d  = 271,235 . 

             ь   

  .      ь   

    1/4  ь . 

        ь        Qma  = Vcd=  271,235   –  

    .          ь    

             - А = 10,18 
2
. 

                          

 240 . 

           fywd=170 .  

 ь  f k, ri m = 18,5 ,    fcd = 14,5 .   

     fyk = 240 . 

      ь   .  

ь          

ь  :              

     V D  ≤  VRd,  ,  VRd,    –  ,     ь  
  

VRd,  = υRd, · b · d =0,334 ∙ 10
3 ∙ 0,3 ∙ 0,55= 55,1 , 

  b = 30   -     ; 

            d  –     ь  , : 
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            d  =  h b –   = 600 −50  = 550 ; 

           υRd,  = Rd,  · k ·(100 ∙ ρ ∙ fck)
1/3

=0,0926 ∙1,6∙(100 ∙ 0,0062∙18,5) 1/3
 =0,334 ; 

             ρ = А 1 /b b·d = 10,18 / 30∙55 =  0,0062   -     ; 

             Rd,     -  ь      : 

Rd,  = 0,035∙√f k, ri m = 0,035∙√ 18,5  =  0,0926 . 

    k  =  1 + √200/d  =  1 + √200/550  =  1,6 . 

       : 

V D = 271,235    > VRd,   = 55,1 . 

          ь ,        
. ь  ь     ь    

θ=21,8
0 ь 

.225,3
25,61

4,05,2
5,14556,0

1

cot
2max, ÌÏà

tg

tg
fv cdRd  

 = 0,6∙[1 – (f k/250)] = 0,6 ∙ [1 –  (18,5 / 250)] = 0,556 . 

   ь    

645,1
100055,03,0

235,271

db

V

sb

CD
CD  . 

Rd,m  = 3,225  > D =1,645   
 ь . ь      

    d w,min =10,0 .                  
А w= 1,57 2

. 

     : 

                        
.8,10

30645,1

5,21708,057,1cot8,0
ñì

bv

fA
S

sbcd

ywdsw

w  

        
    : 

                                
20

3

60

3 w

wb
wk

h
S  .  h b >45 .   ь  Sw,k  ≤  50 . 

       

Sw,k  = 10 . 
       ь      ь  ь         

  

Sw,p ≤ ¾ ∙h b   =  ¾ ∙60 =  45  .   ,   Sw,p  ≤ 50 . 
     ь    

Sw,p  = 30  . 
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3.       
 

3.1.  ь   
 

      [4]   

   IV    -  S  = 1400 . 

      ь  

  ь    

Sm = fm·S · = 1,14∙1400∙1=1596 =1,596 . 

 fm –       , 

      .8.1 [4]; 

        S    −      ; 

          ь    

 = · · lt= 1∙1∙1 = 1, 

       −           

     ( =1); 

         – ,      ( =1); 

        lt−     ( lt =1). 

           ь     [4]      

   ,  ь    

    . 

           ь    

S  = f  · S  · , 

    f   −       

; 

S  = 0,88 ∙1,45 ∙ 1 = 1,276 . 

 

                3.1. 
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 3.1   
   

 
 

№ 

/  

 

 

 ь 

 

 

, 

 

 ,  

 
f 

 

 

 

fm 

 

 

1 2 3 4 5 6 7 
   

     

 

1 

 

 . 
    

 

3,000 
 

1,0 

   

 

3,000 
 

1,1 
 

3,300 

 

2 

   

δ=0,018 ; ρ=6 / ; 
0,018·6=0,108 

 
0,108 

 
1,0 

 
0,108 

 
1,3 

 
0,140 

 

3 

-    
: δ=0,03 ;  

ρ=22 / 3 

 
0,660 

 
1,0 

 
0,660 

 
1,3 

 
0,858 

 

4 

: δ=0,03 ; 
ρ=6 / 3; 
0,03·6=0,18 

 
0,180 

 
1,0 

 
0,180 

 
1,3 

 
0,234 

 
5 

   
δ=0,004 ; ρ=6 / 3; 

0,004·6 = 0,024 

 
0,024 

 
1,0 

 
0,024 

 
1,3 

 
0,031  

  
ь   

 

 
 

  
3,972 

  
4,560 

  

6 

 

  
 

 

1,45 0,88 
 

1,276 1,14 
 

1,653 

 

 

 

 
  

5,248 
  

6,213 

 

ь        

N =N k+N ·n  + N ∙n  + N .∙(n -1) = 

=238,58 + 7,875∙4 +27,0∙4 +461,57∙(4-1)=1762,8 , 

   N k. = 6,213 ∙(6,4×6,0)=4,22∙38,4=238,58  –   ; 

N   =  (0,3 ∙ 0,3) ∙ 3,5 ∙ 25  =  7,875   –   ; 

N .= (0,6 ∙ 0,3 ∙ 6,0 )∙ 25 = 27,0   –    ; 

Nm k = 12,02 ∙ (6,4 ∙ 6,0) = 461,57    –    

                                                                     ; 

n  – ь ь    (   n  = 4). 
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3.2.    

   20/25:  fcd=14,5 ,    f td=1,0 , Ecd=20 10
3 . 

   400 :    fyd=375 ,     Еs = 2,1∙105
 . 

 

3.3.     

     20/25    400 . 

    f d = 14,5 ,    

 400   −  fyd = 375 . 

          : 

                                               l  = 0,7∙ 3,5 = 2,45 . 

                     l  / h  = 2,45/0,3 = 8,17 < 20. 

                 

   400  ь      

 ь      

N = ·φ·(f d ·А  + fyd ·Аs) 

        

     
22 8,1900198,0

375

09,05,11

10003750,1

79,1762
ñìì

f

Af

f

N
À

yd

kcd

yd
s  

                  А  = 30 ∙ 30 = 900 2
; 

                        = 1,0   h  ≥ 20 ;       

        4Ø28 400  ( s= 24,63 
2
). 

           ь     ь  

                       Sw≤  20∙d = 20 ∙ 28 =560  = 56 ; 

            Sw    ≤  500 ;  

                       d –  ь    . 

             

                       Sw =40  = 400 . 
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3.4.     
      є     

 є  .      : 

24,115
3045,1

235,271max c
bf

Q
l

ccd

. 

  l = 20 .  
       ь   

 ь:               

12,3
5,14302

10235,271
20

2 cdc fb

Q
lce . 

 ь     
  : 

 

15
301,02,1

12,3235,271

2,1
max,0

cctd bf

eQ
h . 

8,25
301,05,3

235,271

5,3
min,0

cctd bf

Q
h . 

                 hmin=h0,min+ =26 + 4=30,0 . 
                                      h1  15 ; 
                                      h1  1/3h.  

                                      h1=20 . 
                                     h  20 + l = 20 + 20= 40 . 
  hmin   h    ь       5 . 

  h = 300  (  3.1). 
        : 

16,1
5,37279,0

12,3235,27125,1

9,0

25,1

yd
s fd

eQ
A 2

. 

                           2 10 400   s=1,57 
2
. 

 

 

 

 

 

 

Q

223,54

 3.1.   

 . 
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4.   
 

       ґ  2
0 /250250R . 

           ґ  ь 1,0 .   

  21,d f . 

                       4.1.   : 

      C16/20 → ÌÏà87,0ctdf  [5], . 1.2, 

     90
2

,b  → ÌÏà78,087,09,0ctdf . 

      240  2êÍ/ñìÌÏà 5,22225ydf  [5], . 1.2. 

                       4.2.    . 

       ь    êÍ8,1762N .  
  ь      eN . 

         
  : 

êÍ1469
2,1

8,1762

fm
e

N
N , 

 21,fm  -      . 
        ь   : 

,
0 fm

e
f dR

N
A  

 3/20m  -     1 
3
   

ґ    . 
2ì16,8

2,120240

8,1762
fA . 

         ,   

                       ì86,216,8fff Aba  ≈ 2,9  (  100 ). 

4.3.   . 

             
ь    ь      

.  ь      
  .2280êÍN  

      ’      ь 
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ь   ( ).      : 
               501 cc hh ;                        602 anc lh , 

 ñì30ch  -   ; anl  -    
   . 

     dlan 15 ,    16/20  ;    
ñì428,21515 dlan ,  ìì28d  - ь     

. 
           : 

ñì355301 còh ;  ñì486422 còh . 

 ñì50còh  ( . 3.1). 

 
 

. 4.1.    . 

 

             100 ,    150  
ь    .    ь  

 200 . І     : 
.700200500200 ììììñòf hh  

              100 .   
 700fh .  9040 fh ,  ь  : 

  401h ,   302h  ( . 4.1). ,  
      200     

225300750750 2 ,h, .  ь  ,    ь  
            

100b  ( . 3.1).   ь      
,   350  ( . 4.1).      
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      35..a ;  
        

                                              cì5,655,470ahd . 

     ь       
     : 

dUfF mctt , 

  
0f

APF  -  ;  

22 ì

êÍ

ñì

êÍ
210021,0

290290

8,1762

fA

N
P . 

00
AAA f ; 284100290290ff baA ; 000 baA ; 

   

caba f 200 , 

 cì5,64
2

305,652290

2

2 cf hda
c  ( . 4.2). 

cì1615,64229000 ba ; 

2

0 25921161161 ñìÀ ; 

2ñì581792592184100
0f

A ; 

êÍ65,1576581790271,0F ; 

 
. 4.2.     . 

cì3825,6523030222 0hbhU ccm  -     
ь   ь    . 

  ь   : 
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êÍ19525,65382078,0dUfV mctdEd . 

 êÍ195265,1576 dUfF mctd  -   ь ;  

 70fh  - . 
 ь ь         ( . 4.2).                 

  ь     ñì5,355,440101
add ;   ñì.5,64ñ  

          ñì5,64ñ     1  
 : 

êÍ/ñì35,15,64021,0cpVc . 

    ь ь  : 
êÍ/ñì66,15,351078,06,06,0

101, dbfV ctdEd . 

êÍ/ñìêÍ/ñì 686,166,11, cEd VV  

     ь .  ь   .   
     ь   ñì5,355,440

10d  ( .3.3). 

 
 

.4.3.     . 

 

                  4.4.    . 

     ,  ь,     ґ  
ь  ,    .   

      (  1-1)     
(  2-2) . 3.3. 
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     1-1. ь     : 

                 ìñì 3,1130
2

30290

2
1

cf ha
b ;    ñì5,650d . 

     1-1  1    
: 

ìêÍ45,177
2

3,1210

2

22

1

1

bP
M  

      1   : 

38,13
5,225,659,0

17745

9,0 0

1

1

yd
s fd

M
A 2

. 

 2-2. ь       : 
                                  ñì5,875,7351305,73012 bb ;  

                                 ñì5,355,4405,4101
hd  ( . 4.3). 

    2-2. 

ìêÍ86,75
2

85,0210

2

22

2

2

bP
M . 

  :  

55,10
5,225,359,0

7586

9,0
10

2

2

yd
s fd

M
A 2

. 

   1-1  38,13sA 2
. 

  1     : 7  16  240   

07,14sA 2.   314
7

100
,S .    

140S    . 
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