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 5...20  – 870 3;  

 ( ) – 190 ;  – 153 3.  
 

, 
 (  % ):  

 Sica Fume (20%);  
(30%);  (48%); -3 (2%).  

 -  
 «  « »  

:  l = 60.0 ± 6.0 ,  
d = 0.75 ± 0.07 ;  
l1 = 5.0 ± 1.0 , h1 = 2.9 ± 0.5 ;  – 
1160÷1290 .  

 3  1 3 
 (  % ) :  I – 0  (0%);    II – 50 3 

(0,6%);    III – 200 3 (2,5%). 
: 

-  
,  

,  
 +20  +200 ; 

- ,  
 

 ( ) ; 
-  

 
. 

 
 –    150×150×600 ( )  100×100×400 ( ) 

.  -  150 
,  250 250 650 ( ).  

 – 28÷30 . 
: 

,  Rb , 
 Eb ,  b , 

 . 
 
 

 3 
.  1-  

  = 0; 1  2,5%.  2-  3-  
,  

,  
 150 150 600 .  
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 2-  3-  

 1%,  2,5%.  
 xy = 1%  

 6,5 -400  60 ,  – 138 ,   
xy = 2,5%  -  8 -400  60 ,  – 80 . 

 – 4 12 -500. 
 

 12 15 .  
 

+90 , +150  +200  15, 12  13 ,  
 

. 
 90, 

45  30 .,  
.  

 172  74 -
,  8 ,  33  

. 
 
 

:  t ,  T, 
 µsfb, , 

 b,i , t,i ,  b,i  (i = t , T, µsfb, m): 
, ,, , ,

sfbb tem sfb b bt b bmR t T m R ;                                    (1) 

, , , ,
sfbb tem sfb b b mE t T m E .                                        (2) 

 b,i , t,i ,  b,i  
. 

  
,  

   +2000 ,  
 

 sfb = 0%,  0,6%  2,5% ,  
-

. 
 

,  
, , 

 
,  

 ( . 1, . 1, 2). 
 
  

  sfb = 0%,  0,6%  2,5% 
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.  

,  
 

, ,  2,5 ,  –  3,2 .  
  Rb,sfb  

 150×150×600 ( )  
 sfb = 0%,  0.6%  2,5%    83,2, 

92  100,7 ,  250 250 650 ( )  
28  –  92,8, 99,2  108,8  (  -  
9%).  

sfb = 2,5%  21%.  
  = Rb,sfb/Rsfb  0.9. 

 1 
   

 
 

, 
sfb, % 

 
, : 

150 150 600 250 250 650 
,  cs,z

 
cs,x = cs,y ,  cs,z cs,x = cs,y 

0 110 42,3×10-5 73 10-5 167 38,4 10-5 69,6 10-5 
0,6 115 31,3 10-5 58,4 10-5 167 30,7 10-5 55,3 10-5 
2,5 115 18,5 10-5 47,5 10-5 167 23,8 10-5 43,15 10-5 

 
. 1.  150 150 600  

 sfb = 0%,  
0,6%  2,5% : 1 –  sfb = 0%; 2 –  

sfb = 0,6%; 3 –  sfb = 2,5%. 

 
. 2.  250 250 650  

 sfb = 0%,  
0,6%  2,5% : 1 –  sfb = 0%; 2 –  

sfb = 0,6%; 3 –  sfb = 2,5%. 
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 150 150 600 ( )  

 sfb = 0,6%  2,5%  9  27% 
 ( .2).  

 250 250 650 ( )  
 

 3%.   
  

 150 150 600 ( )  
 sfb = 0,6%  2,5%  8  18% ,  

 250 250 650 ( )  -  20  30%  
 

 ( .3).  
 

 150 150 600 ( )  
 sfb = 0%,  0,6%  2,5% , ,  = 0,17, 

0,18  0,24,  250 250 650 ( )  
 sfb = 0,6%  2,5% –  = 0,17  0,23 .    

  Rbt,sfb -
 sfb = 0%  2,5%  3,54  4.4  

 (  – 24%).  
 

 bt0=12.1 10-5  13.3 10-5 . 4 ).  
 

, ,  
,  

  ( . 2, . 3÷6).  
 

 150 150 600 ( )  
 ( sfb =0)  

 +90 , +150  +200  
8.3 10-5, 13.8 10-5  18.2 10-5.   

 
 52, 

42  35%,  85, 45  
30 .  

  
bt  

 
 ( . 3). 

  
 

 +90 ,  
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 «  – 

»  
.  

 
 +200  

 
.   

 

  
 

 

 

 
. 3.  « - » ( , )  = 1 2 3 

, )  
150 150 600  sfb =  0%,   0,6%   2,5%   

.  
:     - sfb=0% ;        - sfb=0,6% ;           - sfb=2,5%  

 
 250 250 650 ( )  

 sfb = 0.6%  2,5%  
+90  Rb,sfb  1,0  1,15,  

 +200  –  1,13  1,21  
 ( sfb = 0%)  

150 150 600 ( ) ( . 4 , 6). 
 

 sfb = 2.5%  
+90  +150 , ,  

 0,73  0,82  

| 3|,  

 
) 

 ) 

 

) 

 
) 

 
| 3|,  

 

103 

 

| 3|,  

 

| 3|,  

 

3 103
1  2 103 

1  2 103 

103 

 
3 103



11 
. ,  

 to =  90oC 
 35%. 

 2 
 

 

 
/
 

 
 

 

 
, 

 sfb, % 

-
 

+20  +90  +150  +200  
      

1 
 

 
 Rsfb,  

0 83,2 
1,00 

74,9 
0,9 

79,1 
0,95 

82,4 
0,99 

87,4 
1,05 

79,0 
0,95 

80,7 
0,97 

0,6 92 
1,11 

83,2 
1,00 

90,7 
1,09 

94,8 
1,14 

109 
1,31 

88,2 
1,06 

111,5 
1,34 

2,5 
100,7 
1,21 88,2 

1,06 
104 
1,25 - 

118,
1 

1,42 

96,5 
1,16 

118,1 
1,42 

2 

 
 

 
Esfb 10-3,  

0 56,5 
1,00 

44,6 
0,79 

42,4 
0,75 

41,2 
0,73 

35,6 
0,63 

27,1 
0,48 

23,7 
0,42 

0,6 61,6 
1,09 

58,2 
1,03 

55,9 
0,99 

50,9 
0,90 

48,6 
0,86 

35,0 
0,62 

32,8 
0,58 

2,5 71,8 
1,27 

62,2 
1,10 

59,9 
1,06 - 52,5 

0,93 
40,1 
0,71 

39,6 
0,70 

3 
 
 

103 

0 2,5 
1,00 

2,73 
1,09 

3,02 
1,21 

2,92 
1,17 

3,45 
1,38 

3,35 
1,34 

3,8 
1,52 

0,6 2,70 
1,08 

2,80 
1,12 

3,00 
1,19 

3,05 
1,22 

3,30 
1,32 

3,10 
1,24 

3,58 
1,43 

2,5 2,94 
1,18 

3,00 
1,2 

3,23 
1,29 - 3,60 

1,44 
3,40 
1,36 

4,00 
1,59 

4  
 
 

  

0 0,17 
1,00 

0,14 
0,79 

0,14 
0,8 

0,13 
0,76 

0,12 
0,68 

0,13 
0,78 

0,11 
0,62 

0,6 0,18 
1,08 

0,14 
0,83 

0,16 
0,91 

0,14 
0,79 

0,17 
0,99 

0,15 
0,84 

0,17 
1,00 

2,5 0,24 
1,40 

0,18 
1,06 

0,20 
1,17 - 0,22 

1,27 
0,19 
1,11 

0,23 
1,32 

:    – . 
 

   
   

 sfb    
 +200 . 

 +200   
 1,9 

.  250 250 650 ( )  sfb = 0.6%  
 +90  +200  

 16,5%  25,2% 
 

 ( . 4 ).   
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. 4.  
 sfb  ( ),  

 ( ),  
 ( ),  

 ( )  
)  

 
 to. 

   : 
            – , sfb = 0; 

0.6; 2.5 %. 
          – ,  sfb = 0.6, 2.5 %. 
          – ,  

 250 250 650 ,  sfb = 0.6;  2.5 %. 
 

 150 150 600 ( )  sfb = 0.6%  
 +90 , +150  +200  12%, 22% 

 24% ,  

 

) 
 

 

t C 

) 

t C 

 ) 

t C 
t C 

)  

) 

 

t C 
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 ( . 4 , 5 ),  sfb = 2.5%  

 +90  +200  –  20%  36% ( . 4 , 5 , .2). 
 250 250 650 ( )  

 sfb = 0.6%  +90  
+200  26,8%  36,8% ( . 4 , 6 ),  

 sfb = 2.5%  –  39,6%  46,4% 
 ( . 4 , 6 )  

. 
 

   

 
 

 

  

 
. 5.  +90 , 

+150  +200  150 150 600  
: sfb = 0.6% ( , )  

sfb =  2.5%  ( ,  )  :    ,  )  –  ,  ,  )  -  
 = 1+ 2+ 3  

:    - t = 20 C (  sfb=0%);                      -   t = 20 C ; 
  :     -  t = 90 C;             -  t = 150 C;         -  t = 200 C. 

:                -  t = 90 C;           -  t = 150 C;         -  t = 200 C   

 
 

. ,  
,  

3 103
1 103  2 103 103 

 

) 

 
) 

 

) 

 
) 

 

 
 

 
 

 
 

 
 

3 103
1 103  2 103 103 
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 0.7÷0.8  

.  
 ( ) 

 0.8Rb,sfb (to). 
       

  

  
 
 

 

 
 

 
. 6.  +90 , +150  +200  

 250 250 650  
 sfb = 0.6% ( , )  sfb = 2.5% 

, ) : 
, ) – ,  
, ) -  = 1+ 2+ 3  

:                          - t = 20 C  sfb=0% 150 150 600 );   
- t = 20 C (  sfb=0%);  - t = 20 C;           - t = 90 C;            - t = 200 C  

 
 

 +20  +200  
. 4. 

3 103
1 103  2 103 103 

 

 
 

 
 

) 

 
) 

 

1 103  2 103
3 103

 
 

 
 

) 

 
) 

 

103 
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.  ,b tem , ,b tem  t, -
 T, 0  
 µsfb  

,  
 

: 

0, ,sfb
b tem t M

b

R
R

        
0, ,sfb

b tem t M
b

E
E

 (3) 
 

3 2

20 20 20 ,
t t t t

t t ta b c d

t e     
2

,a b ce      
0

0 0

0

30 ,M M
Ma b

M e
 

(4) 

 ,b tem , ,b tem .  
 
 

,  
 

: 
, 1 21b tem F F ;         , 3 41b tem F F ;   (5) 

3 2
2 0

1 1 1 2 2 320 20 20 30
Mt t ta b c a b a d

iF e   (i=1,2..4)               
(6) 

 temu,  
 

 u  
: 

,
,

,

b tem
u tem u

b tem

 (7) 

 t = +20  (µsfb = 
0)  T = 28  b,tem, b,tem  

, . 
 3 

 
 

 
 

 
 sfb, % 

 bt 106 
 

+90  +150  +200  
. .  .  . 

1 0 11,8 5,7 10,6 6,2 10,1 6,6 
2 0,6 12,1 4,9 10,2 6,2 9,5 6,1 
3 2,5 12,1 4,8 11,2 6,4 9,9 5,6 

 4 
 

 
 sfb M0 , : 



16 
+20 +90 +150 +200 

b

sfb
temb R

MtTR 0
,

,,,
 

0% 30 1,00 0,9 / 0,95 1,00 / 1,05 0,95 / 0,97 
16 1,11 - / 0,95 - / 1,00 - / 1,10 

0,6% 30 1,11 1,00 / 1,09 1,14 / 1,31 1,06 / 1,34 
16 1,19 1,00 / - - / - 1,11 / - 

2,5% 30 1,21 1,06 / 1,25 - / 1,42 1,16 / 1,42 
16 1,3 1,15 / - - / - 1,21 / - 

b

sfb
temb E

MtTE 0
,

,,,
 

0% 30 1,00 0,79 / 0,75 0,73 / 0,63 0,48 / 0,42 
16 0,88 - / 0,75 - / 0,7 - / 1,10 

0,6% 30 1,09 0,83 / 0,9 0,8 / 0,96 0,83 / 0,96 
16 0,97 0,84 / - - / - 0,75 / - 

2,5% 30 1,27 1,06 / 1,16 - / 1,26 1,10 / 1,32 
16 1,08 0,9 / - - / - 0,7 / - 

0( , , , )0,
0

T tb sfb
b  

0% 30 1,00 1,09 / 1,21 1,17 / 1,38 1,34 / 1,52 
16 1,08 - - - 

0,6% 30 1,08 1,12 / 1,19 1,22 / 1,32 1,24 / 1,43 
16 1,20 1,27 / - - / - 1,37 / - 

2,5% 30 1,18 1,20 / 1,29 - / 1,44 1,36 / 1,59 
16 1,30 1,40 / - - / - 1,47 / - 

0( , , , )T tsfb

 

0% 30 1,00 0,79 / 0,8 0,76 / 0,68 0,78 / 0,62 
16 0,92 - - - 

0,6% 30 1,08 0,83 / 0,91 0,79 / 0,99 0,84 / 1,00 
16 0,98 0,85 / - - / - 0,92 / - 

2,5% 30 1,40 1,06 / 1,17 - / 1,27 1,11 / 1,32 
16 1,35 1,27 / - - / - 1,29 / - 

: 1.  – ,  –  
. 2.  

. 3.  sfb = 0%   t=20 . 
 

  
 
 

,  
 

)  « » ( . )  
 « ».  
 150  ( xy = 1%  2,5%)  

  ( . 7)  
 Rb,loc  Rsfb,loc  , ,  1,15  1,32 

 ( . 8 ),   
 sb  –  1,2  1,52  

1,12  1,33  ( . 8 ). 
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. 7.  
 

 ( xy = 1% ( )  2,5% 
)  ( ). 

 

  
. 8.  ( )  

 ( )   
: 

 –        (  = 0 %;    xy = 0 %); 
    – ,    xy = 1%;    2.5 %; 
    – ,  sfb = 1%;   2.5 %; 
---- -   2ax bx c  

 
 
 

. 8 , .  
 (6.84  6.85)  360.1325800.2017  

(8.81)  63.13330.2012  
60 80 

. 9). .  

 

) 

 
) 

 

) 
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 sb  

: 
31018bsb ,             (8) 

 « – » 
 3- : 

3
3

2
21 aaa ,                  (9) 

   
locb

locb

R ,

,  - ; 

   
locfb

locfb

R ,

,  - ;
 

sb

sb ;       1 = 3;      2 = -3,      3 = 1; 

Rb,loc –  (8.81)  63.13330.2012; 
Rfb,loc –  

 (6.80)  52.104.2006. 
 (8)  (9)  

 
 (  – ) . 

 

. 9.  « - »  
 
 

   
  
 - 

 
: 

 –        (  
= 0 %;    xy = 0 %); 
          –  

,    xy = 1%;    2.5 %; 
   – , 

sfb = 1%;    2.5 % 
 

. 
 ( )  

 «ANSYS Workbench 14.5».  
,  

, .  
 ( . 10)  

. 
  

 
, ,  

: 20  
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sfb = 2.5 %  
 ( )  « » . 
 ( ).   

  

       . 10.  
. 

:  
- - - - - –    «ANSYS Workbench 14.5»; 
             – ;  
          – ,    xy = 1%;    2.5 %; 
          – ,  sfb = 1%;    2.5 % 
 

 

 

. 11.  ( ),  
 ( )  ( ) 

. 
 

 sfb = 2,5%  
 

:  
1.    OY  OX 
,  

 7,5%  11% . 
2.  X  Y , 

 
42,3%  33,8% .  

0.0

20.0

40.0

60.0

80.0

100.0

-3.2-2.8-2.4-2.0-1.6-1.2-0.8-0.40.0
0.0

20.0

40.0

60.0

80.0

100.0

120.0

-4.0-3.6-3.2-2.8-2.4-2.0-1.6-1.2-0.8-0.40.0
z 103 z 103 

,  ,  

) 

 

) 

 

) 

 



20 
3.  

 +4,8%,  
 –  +18,2%  +14% 

,  
. 

4. ,  
 

 11%,  
 

 42,3%. 
 

 700  400 ,  
, ,  

. 
 

 « »  
 

. 
.  

 ( . 12).   

   
. 12.  ( ),  ( )  

 ( ) . 

   
. 13.  

 (  
 sfb = 2,5 %):  Nz ), Ny ( ), Nx ( ). 

 
, . 13, ,  

 
 sfb = 2,5%,  

 Nz, ,  19 , 
 3,66 . 

 

-1.44e+004-1.44e+004 -1.2e+004-1.2e+004 -9.61e+003-9.61e+003 -7.21e+003-7.21e+003 -4.81e+003-4.81e+003 -2.4e+003-2.4e+003 -36.6-36.6 36.636.6 2.4e+0032.4e+003 3.66e+003 -1.57e+004-1.57e+004 -1.34e+004-1.34e+004 -1.12e+004-1.12e+004 -8.95e+003-8.95e+003 -6.71e+003-6.71e+003 -4.48e+003-4.48e+003 -2.24e+003-2.24e+003 -13.2-13.2 13.213.2 1.32e+003
 1
 Ny

 - 2

-1.58e+004-1.58e+004 -1.36e+004-1.36e+004 -1.13e+004-1.13e+004 -9.04e+003-9.04e+003 -6.78e+003-6.78e+003 -4.52e+003-4.52e+003 -2.26e+003-2.26e+003 -19.5-19.5 19.519.5 1.95e+003

 Nx
 - 2

) 

 
) 

 
) 

 

) 

 
) 

 
) 
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 acrc  

 acrc,ult .  
 

 
 +20°  

+200°  
,  

 
, .   

1.  
 sfb = 0%,  0,6%  2,5%  

 
. 

 sfb  2,5%  
 

:  
 –  21%;  –  24%;  

 -  27%;  -  18%;  
 –  23%.  

2.  
 +200° ,  

 
. 
 

 sfb  2,5%  20  ÷ 200º    
 10%,  -  27%,  

 –  38%,  1,3, 
 –  2,7 .  +200°  

 40%,  
 50%,  

 59% . 
3.  

, , 
,  

 +200° . 
4.  

,  
.  

 (6.84  6.85)  360.1325800.2017  (8.81)  
63.13330.2012  

. 
5.   -

 
,  

. , 
   

,  
. 

,  sfb = 2,5% 
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приводит к снижению напряжений и к повышению трещиностойкости 
конструкции. 

6. Результаты исследований внедрены: 
– при выполнении обследования строительных конструкций 

действующего башенного копра клетьевого ствола №4 шахты им. В.И. Ленина 
ГП «Макеевуголь и разработке рекомендаций по их усилению; 

- при разработке лекционных курсов дисциплин «Физические модели 
бетона и железобетона. Основы построения диаграммных методов расчета 
строительных конструкций», «Действительная работа железобетонных 
конструкций в условиях совместных силовых, температурных и влажностных 
воздействий». 

ОСНОВНЫЕ НАУЧНЫЕ ПУБЛИКАЦИИ ПО ТЕМЕ 
ДИССЕРТАЦИОННОГО ИССЛЕДОВАНИЯ 

– публикации в рецензируемых научных изданиях: 
1. Волков, А.С. Влияние возраста высокопрочного 

модифицированного бетона на его физико-механические свойства при осевом 
сжатии [Текст] / А.С. Волков, С.Н. Машталер, К.В. Полянский // Вісник 
ДонНАБА : Будівлі та конструкції із застосуванням нових матеріалів та 
технологій : зб. наукових праць. – Макіївка, 2014. –  № 4(108). – С. 42 – 45. 
(Исследованы прочностные и деформационные свойства высокопрочного 
бетона, проананализированы полученные результаты). 

2. Korsun, V. The Strength and Strain of High-Strength Concrete Elements 
with Confinement and Steel Fiber Reinforcement including the Conditions of the 
Effect of Elevated Temperatures / Korsun, V., Vatin, N., Franchi, A., Korsun, A., 
Crespi, P., Mashtaler, S. // International Scientific Conference Urban Civil 
Engineering and Municipal Facilities, SPbUCEME-2015. – Procedia Engineering 
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ABSTRACT 
 Mashtaler Sergei. Strength and deformations of elements from high-
strength steel fiber reinforced concrete under compression under heating 
conditions up to + 200 ° C. – Manuscript. 

Thesis for the degree of candidate of technical sciences in specialty 05.23.01 - 
Building structures, buildings and structures. - GOU VPO "Donbass National 
Academy of Civil Engineering and Architecture." - Makeevka, 2018 

The thesis is devoted to experimental and theoretical studies of the VAT, 
strength and deformations of elements with fiber reinforcement, including under 
conditions of short-term and long-term heating to + 200 ° C, depending on the size of 
the prototypes, the intensity of indirect and dispersed reinforcement. 

In the introduction, the relevance is substantiated, the scientific novelty, the 
practical value of the work are formulated, its general characteristics are given. 

The first section presents an analysis of the state of the question. The 
experience and prospects for the use of fiber-reinforced concrete structures are 
reviewed, an overview of the physical and mechanical properties of high-strength 
concrete and fiber-reinforced concrete, as well as the effect of elevated temperatures 
and dispersion reinforcement on these characteristics are given. 

The second section presents the composition of concrete, the characteristics of 
prototypes, outlines the methodologies for conducting experimental and theoretical 
studies, methods for processing the results obtained. 

The third section presents the results of experimental studies of the effect of the 
sizes of test samples, short-term and long-term heating to + 2000  on temperature-
shrinkage deformations, on the characteristics of the strength and deformation 
properties of high-strength steel fiber concrete with sfb = 0%, 0.6% and 2.5% with 
axial compression and tension, proposals for taking into account the influence of the 
studied factors on the characteristics of the physicomechanical properties of concrete. 

The fourth section presents the results of experimental and theoretical studies 
of the strength and deformations of reinforced concrete elements with indirect and 
dispersed reinforcement during loading with central compression, the results of 
calculating the VAT of the frame foundation structures for the continuous casting 
machine (CCM) of Electrostal LLC (Kurakhovo) and the foundation column The 
caster joint venture "Metalen" (Yenakiyevo). 

Keywords: high-strength steel fiber concrete, strength, deformation, short-term 
and long-term heating, indirect and dispersed reinforcement, stress-strain state. 
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