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RELATIONSHIPS BETWEEN DEFORMATIONS AND STRESSES 
AT CONTACT ZONE OF FLAT-STRESSED COMPOSITE  

ELEMENT, WHICH WAS SUBJECTED CORROSION DAMAGES 
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Abstract: A computational model of deformation of a flat-stressed reinforced-concrete composite element in the 
contact zone is proposed. Deformation equations takes the form of the relationships between the final increments 
of stresses and deformations for a corrosion-damaged reinforced concrete element with intersecting cracks. Coef-
ficients of flexibility matrix of the element are obtained. These coefficients take into account the long-term defor-
mation, corrosion damages and concentrated shear, when intersecting cracks appear in the contact zone of the 
composite element. The solution to reinforced-concrete beam of composite section is given. The computational 
results are compared with the experimental data for such structures. 
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 1. З я ( )  я я ( )    
    ( - ). 

 
   

 
 

  , -
    1  2  

    ,  -
   Asw ( . 1).  

     -
  P    

   . 
      -

    1 
     
    -

 Nx, Ny,   Nxy . 
     

    -
  Д5]   : 

 { �� } = [       ] × { ��� }, (1) 

 
 x, y, xy –  , Nx, 

Ny, Nxy –      
   

 , Cij –  -
  . 

   Д6Ж 
     

     
  α = 0°  α = 90° ( . 2). -

    -
 sxy    Nxy   

   .      
    

   1 
   

      
   x  y   

θ = 45°    
     -

   ( . 2): 
 N ′ = N cos � +N sin �+ N cos sin � ; N ′= N sin � + N cos �− N cos sin � ; N ′ ′ = −N cos � sin �+ N cos � sin � +N cos �− sin � ; 

(2) ′ = cos � + sin � + cos � sin � ; ′ = sin � + cos �− cos � sin � ; ′ ′ = − cos � sin �+ cos � sin � + cos �− sin � . 
(3) 
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    -
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 β.   я     

 щ    . 
 

      
      -

      
   

  , -
 . 

      
       

     
     

.      -
  ( . 2).   

    , -
      x’  y’: 

 x′:   σ ′h � + sin ++ τ ′ ′h � ++sin = = σs fs cos − τs fs cos+ �з ` ` sin+ �з ` cos − −�з ` ` cos + +�з ` sin + ; y′:   σ ′h � + + sin+ τ ′ ′h �+ sin + = = σs fs sin + τs fs sin− �з ` ` cos+ �з ` sin + +�з ` ` sin + +�з ` cos + . 

(4) 

 α,  –    
       

   , -
,   x, h –   
, f*sy –    -

  y,    
     -

  , *sy –  
    y 

( ∗ = �∗ ℎ⁄ ). 
 
 

    
   

 
 Д6],    

    
 ,   -

     -
  : 

 �з ` ` = ℎ�з ` `� ` ` ��⁄ , �з `х` = ℎ�з `х`� ` ` ��⁄ , �зх` = ℎ�зх`а ` ��⁄ , �з ` = ℎ�з `а ` ��⁄ , (5) 

 
       

 Δ       -
       -

 , , -
 : 
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 ` ` = ( ` cos + ` sin ), � ` ` = ( ` sin − ` cos ), ` ` = ( ` cos + +` sin + ), � ` ` = ( ` sin + −` cos + ), 
 

 
 
 

(6) 

 
 ` = � ` , � sin⁄ , ` = � ` , � sin⁄ , ` = � ` , � sin + +⁄ , ` = � ` , � sin + +⁄ . 

 
   (6)  -

 (5) : 
 
 �з ` `= = −(ℎ�з ` `� ` cos − ℎ�з ` `� ` sin ) sin⁄ , �з `х` == −(ℎ�з `х`� ` cos + − ℎ�з `х`� ` sin + ) sin +⁄ , �зх` == (ℎ�з `� ` cos + ℎ�з `� ` sin ) sin⁄ , �з ` == (ℎ�з `� ` cos + + ℎ�з `� ` sin + ) sin +⁄ , (7) 

 
 x`y`, y`x`, x`, y` –   -

  ,  
   Д6].   

   x`y` = x`, 

y`x `= y`. 
  Д7]   -

     -
 ,  « » 

     -
       

     : 
 � = , + з , (8) 
 

 ,  –   , -
  « »   -

 : 
  , = ,∆ + ,� + ,∆� , (9) 

 ,∆ -     -
    Δ: 

 ,∆ = ��Δ/ ̅ + , (10) 
 t̅  -      

,  –   .  
    -

       : 

 ,� = ,8 � / − � . (11) 
 

    -
     

     ,∆�,  -
    -

    
l1>10d. 

  (8)   (9-
11)     

 (φ)    з   
     

 : 
 = ( − , ) / . (12) 

 
 

    -
 ,   -

    
   -

,     - -
   -

  [8]     (8) 
     -

 : 
 Е = Е , + Ез , (13) 
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,    
  : 

 Ез = Е . (14) 
 
 

,   
   

 
     -

       -
    α=45°, -

       -
 (4)  (7)   

  sy  sy, : 
 � = А � ′ + А � ′ + А ′ ′ s = � ′ + � ′ + ′ ′ (15) 

 
    

  
 А = −√ E′s⁄ Eзх`+ −√ E′s⁄ Eз ` ` + + √ sin − sin ⁄− sin ⁄ + sin+ / E′s sin− − Eз ` + √ sin − sin ⁄− sin ⁄ + sin + + / E′s sin − Eз ` `− √ sin �⁄ +− sin − − sin ⁄ + √ sin �⁄ + +/8 sin − , А = (−√ E′s⁄ )�зх`+ (−√ E′s⁄ )Eз ` ` + + − √ cos − √ cos sin/ E′s cos Eз ` + + √ cos sin − √ cos+ √/ E′s cos Eз` ` ` + + cos − sin + / , 

(16) 

А = cos + / , = √ E′s⁄ �зх`+ √ E′s⁄ Eз ` ` + + −√ cos − sin/ E′s cos Eз ` + + −√ cos − sin/ E′s cos Eз ` ` + − √ √ E′s /+ E′s sin � ++√ E′s cos/ E′s cos  = −√ E′s⁄ Eзх`+ −√ E′s⁄ Eз ` ` + + √ (cos + √ cos sin− √ )/ E′s cos Eз ` + + √ (cos + √ cos sin )/ E′s cos Eз ` ` + + E′s cos + E′s cos− E′s cos sin/ E′s cos  = sin / , 
 

 lcrc –    -
       -

   Д9]; 
 �′ = � � ,⁄  (17) 
 

Es –   , ψst – -
  . .  Д10]. 

 
 

   
  

    
    

,  
  

  
 

    
    - 
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   -  -
, ,   

    -
   ,  -

     x’  y’ -
 : 

 Δ ′ = Δ ′;    Δ ′ = Δ ′;    Δ ′ ′ =Δ s ′ ′. (18) 

 
   usy   

 υsy    -
    x’  y’,  

[6]  : 
 u = u ` cos + u ` sin , = u ` cos − u ` sin , 

(19) 

 
 usỳ , usx̀   usy     

     s 
  b     

(  b ≈ 0): 
 u ` = �s ` ,  �т sin⁄ , u ` = �s ` ,  �т sin⁄ , us = � ,  �т sin⁄ , 

(20) 

 
 υsy      sy: 

 s = η� , lт s / E′s sin . (21) 
 

  (20)  (21)   
(19)    sy = sy/Es

k 
    x’  y’.  

 : 
 � ′ = √ / σs /� + η� s /E′s , � ′ = √ / σs� − η� s /E′s , (22) 

 
  

 � = �  �⁄ , (23) 
 

k
s –  ,  -

    -
    , η y 

- ,   
   -

 .     
     Д6] 

   16. 
  (22)    -

 sy  sy    (15) 
  : 

 � ′ = √ E′s А− η� � В/ � E′s σ ` + + √ E′s А − η� � В/ � E′s σ ` + + √ E′s А − η� � В/ � E′s τ ` `, � ′ = √ E′s А+ η� � В/ � E′s σ ` + + √ E′s А + η� � В/ � E′s σ ` + + √ E′s А + η� � В/ � E′s τ ` `. 

(24) 

 
 (24)    

   i+1  i 
      

 .   : 
 ∆� ′ = √ E′s А− η� � В / � E′s ∆σ `+ + √ E′s А − η� � В / � E′s ∆σ `+ + √ E′s А − η� � В/ � E′s ∆τ ` `, ∆� ′ = √ E′s А+ η� � В / � E′s ∆σ `+ 

(25) 
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+ √ E′s А + η� � В / � E′s ∆σ `+ + √ E′s А + η� � В/ � E′s ∆τ ` `. 
 

     
    Δγx`y` -

   -
     -

   : 
 ∆ = ∆σ /�= ∆ s ′ sin+ ∆ s ′ cos +∆ s ′ ′ cos sin , (26) ∆σ= ∆σ ` sin+ ∆σ ` cos + ∆τ ` ` cos sin . (27) 

 
   (26)  Δ sx̀   

Δ sỳ    (25)  Δ y   (27) 
      -
 : 

 ∆ s ′ ′ = − (√ А − )/� ∆� ′− (√ А − )/� ∆� ′ − − (√ А − )/� . (28) 

 
  (25), (28),  -

   (18)   -
     -

: 
  { Δ ′ =  Δσ ′ + Δσ ′ + Δτ ′ ′;Δ ′ =  Δσ ′ + Δσ ′ + Δτ ′ ′;Δ ′ ′ = Δσ ′ + Δσ ′ + Δτ ′ ′.      

(29) 
 

    
Д ijЖ     

     
: 

 

{  
   
   
   
   
   
   
  = √ А E′s − � η � E′s ;

= √ А E′s − � η � E′s ;
= √ А E′s − � η � E′s ;
= √ А E′s + � η � E′s ;
= √ А E′s + � η � E′s ;
= √ А E′s + � η � E′s ;

= −√ А −� ;
= −√ А −� ;
= −√ А −� .

 (30) 

 
 

   
  

   
 

   
    

[̅ Ж    
  . 

    
   -

     Д̅ ] 
    
   : 

 Ез ∗ = � ∗ ,  Ез ∗ = � ∗ , (31) 

 � ∗  –    
     
  . 

      -
    



ы   я я     э   
   

Volume 13, Issue 3, 2017 65 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
     

    . 
  –   -

  .    
     -
    -

   Д̅ ]  
   -

 (t- )    
     -

: 
 − = � − ℎ⁄ , (32) 
 

 fs(t- ) –   y  
    -

      -
    

 � − = , � − к − , (33) 
 
d –    

, d-2 (t- ) –  -
     -
,  –   -
   , h –  -

  . 
   -

       -
    -
   -

 ψk
s.     

    -
 ψk

s(t- ),    -
 ψs . . ,   

     -
    .  -

   ,   -
     

    (t-
)    ψk

s(t- ) 
   -

  . 
    -

     -
     

    -
  :  

  � − = � ⋅ � −⁄ , E′s − = � � −⁄ , (34) 
(35) 

 
 Еs –    

 , k
s –  -

,    -
     
. 
  (31) – (35) -

     
     

    -
   : 

 ̅ = √ (А E′s − − � − η )� − E′s − ;
̅ = √ А E′s − − � − η � − E′s − ;
̅ = √ А E′s − − � − η � − E′s − ;
̅ = √ А E′s − + � − η � − E′s − ;
̅ = √ А E′s − + � − η � − E′s − ;
̅ = √ (А E′s − + � − η )� − E′s − ;

̅ = −√ А −� − ;̅ = −√ А −� − ;̅ = −√ А −� − . }  
   
   
   
   
   
   
  

  

(34) 
   

 
   -
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    -
    -

   ( . . 1). 
  l=1,5 ,   

250 100 ,    
50 100 ,  – 200 100 . -

     -
     100   

  20 .   
 6   300.  -

       
 6   400.   

    30,   -
 20. 

     -
  1    

      
 .   -

    -
  1    -

      -
   [11]. 

     -
   -

   1   -
 [13] ( . 3),  -

    -
     ,   -

   -
  1     

( . 4).     -
      ̅∗       -

    -
   ( ̅∗ ). 

 

 
 3. К  щ   я   

   : 1 – я   (t=0); 2 – я , ящ я  
    (t=900). 
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 4. Г  я    : 1 – я   

(t=0); 2 – я , ящ я     (t=900). 
 

 
 

    
  -
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 -  
   -

 ,   
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