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The paper is considered the method of determination of tensely-deformed state of 
continuous reinforced concrete beams on elastic foundation with application of the 
numerically-analitical variant of the boundary elements method. A comparative analysis of 
simulation results with data obtained using the calculation of PC Lira. 
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4     d v( x )B kbv( x ) q( x )
dx

+ = ;                                                       (1) 

 – , 2, EI; v( x )  – ,
; k – , / 3; b – , ; q( x )  – , / .
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. 1 Mi, Fi qi -
, - .

-
:

dv( x )EI ( x ) EI
dx

ϕ λ= ;
2

2
2

d v( x )M( x ) EI
dx

λ= − ;
3

3
3

d v( x )Q( x ) EI
dx

λ= − .                   (2) 

λ

4

4
kb
B

λ = , 1 .                                                                  (3) 
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n

a i i
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EIv( x ) A ( , x )EIv( ) A ( , x )EI ( ) M A ( , x - a )λ λ ϕ λ
=

= + + +

14 15 15
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n n

b i i c i i d i i
i i

F A ( , x - b ) [ q A ( , x - c ) - q A ( , x - d )]λ λ λ
= =

+ + ;

21 11 12
1

 0  0   
i

n

a i i
i

EI ( x ) A ( , x )EIv( ) A ( , x )EI ( ) M A ( , x - a )ϕ λ λ ϕ λ
=

= + + +

13 14 14
1 1

   
i i i

n n

b i i c i i d i i
i i

F A ( , x - b ) [ q A ( , x - c ) - q A ( , x - d )]λ λ λ
= =

+ + ;                                      (4) 
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M( x ) - A ( , x )EIv( ) - A ( , x )EI ( ) - M A ( , x - a ) -λ λ ϕ λ
=

=
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- F A ( , x - b ) - [ q A ( , x - c ) - q A ( , x - d )]λ λ λ
= =

;
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Q( x ) - A ( , x )EIv( ) - A ( , x )EI ( ) - M [- A ( , x - a )] -λ λ ϕ λ λ
=

=
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- F A ( , x - b ) - [ q A ( , x - c ) - q A ( , x - d )]λ λ λ
= =

.

 (4) A11(λ, x), A12(λ, x), A13(λ, x), A14(λ, x), A21(λ, x), A31(λ, x),  
A41(λ, x), A15(λ, x) :

11A ( , x ) ch x cos xλ λ λ= ;

12A ( , x ) ( ch x sin x sh x cos x )λ λ λ λ λ= + ;

13 2

1
2

A ( , x ) sh x sin xλ λ λ
λ

= ;

14 3

1
4

A ( , x ) ( ch x sin x - sh x cos x )λ λ λ λ λ
λ

= ;

21A ( , x ) - ( ch x sin x - sh x cos x )λ λ λ λ λ λ= ;                                                 (5) 
2

31  2A ( , x ) - sh x sin xλ λ λ λ= ;
3

41  2A ( , x ) - ( ch x sin x sh x cos x )λ λ λ λ λ λ= + ;

15 4

1
4

A ( , x ) [ H( x ) - ch x cos x ]λ λ λ λ
λ

= .

 (4), (5)  ( - ):

( ) 0
1a

, x a;
H x a

, x a.
<

= − =
≥

                                                             (6) 
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v(x), ϕ(x), M(x), Q(x) – , ,
x .

 v(0), ϕ(0), M(0), Q(0) – , ,
 (x = 0), .

 (4) :

Y = A X(0) + B                                                                         (7) 

Y – ; A –
 ( ); X(0) – 

 ( ); – ,

,  [2]. 

 EIv(x) A11 A 12 -A 13 -A 14 EIv(0) B11(x)

EIϕ(x) A 21 A 11 -A 12 -A 13 EIϕ(0) B21(x)

M(x)  -A 31 -A 21 A 11 A 12 M(0) -B31(x)
Q(x)  -A 41 -A 31 A 21 A 11 Q(0)  -B41(x)

:
.

:

11 13 14 15 15
1 1 1 1

    
i i i i

n n n n

a i i b i i c i i d i i
i i i i

B M A ( , x - a ) F A ( , x - b ) q A ( , x - c ) - q A ( , x - d );λ λ λ λ
= = = =

= + +

21 12 13 14 14
1 1 1 1

    
i i i i

n n n n

a i i b i i c i i d i i
i i i i

B M A ( , x - a ) F A ( , x - b ) q A ( , x - c ) - q A ( , x - d );λ λ λ λ
= = = =

= + + (9)

31 11 12 13 13
1 1 1 1
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a i i b i i c i i d i i
i i i i

B M A ( , x - a ) F A ( , x - b ) q A ( , x - c ) - q A ( , x - d );λ λ λ λ
= = = =

= + +

4
41 14 11 12

1 1 1
4    
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n n n

a i i b i i c i i
i i i

B M [- A ( , x - a )] F A ( , x - b ) q A ( , x - c )λ λ λ λ
= = =

= + + 12
1

i

n

d i i
i

- q A ( , x - d ).λ
=

n ,
 ( ), ,

4n. :

Y(li) = A(li) X(0) + B(li),                                                                  (10) 

Y(li) – i- ;
A(li) – ; X(0) – 

i- ; (li) – , i- .
.

.
-

, - :

A(li) X(0) – Y(li)= – B(li) A* X*= – B(li).                                               (11) 

(8)Y= A= X(0)= B=
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X* *(li) :

1 Q0-1(l)
2 EIϕ 0-1(0)

3 Q1-2(l)
4 Q0-1(0)

4 ⋅ (k-1)+1 Q k-(k+1)(l)
4 ⋅ (k-1)+2 EIϕ (k-1)-k(0)

4 ⋅ (k-1)+3 M(k-1)-k(0)
4 ⋅ (k-1)+4 Q(k-1)-k(0)

4 ⋅ (n-1)+1 Q (n-1)-n(l)
4 ⋅ (n-1)+2 EIϕ (n-1)-n(0)

 4 ⋅ (n-1)+3 M(n-1)-n(0)
 4 ⋅ (n-1)+4 Q(n-1)-n(0)

1 2 3 4

4 
(k

-1
)+

1

4 
(k

-1
)+

2

4 
(k

-1
)+

3

4 
(k

-1
)+

4

4(
n-

2)
+1

4(
n-

2)
+2

4(
n-

2)
+3

4(
n-

2)
+4

4(
n-

1)
+1

4(
n-

1)
+2

4(
n-

1)
+3

4(
n-

1)
+4

A 12  -A 14             1 

A 11  -A 13 -1           2 

 -A 21 A 12 -1          3 

-1 -A 31 A 11             4 

    A 12 -A 13 -A 14         4 (k-1)+1 

    A 11 -A 12 -A 13 -1       4 (k-1)+2 

     -A 21 A 11 A 12 -1      4 (k-1)+3 

-1  -A 31 A 21 A 11         4 (k-1)+4 

        A 12 -A 13 -A 14     4 (n-2)+1 

        A 11 -A 12 -A 13 -1   4 (n-2)+2 

         -A 21 A 11 A 12 -1  4 (n-2)+3 

    -1     -A 31 A 21 A 11     4 (n-2)+4 

            A 12 -A 13 -A 14 4 (n-1)+1 

        -1    A 11 -A 12 -A 13 4 (n-1)+2 

             -A 21 A 11 A 12 4 (n-1)+3 

            -1 -A 31 A 21 A 11 4 (n-1)+4 

X* = (12)

(13)
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X*.

 ( . 2).  

I

I

II

II

B1 B1 B1 B1

B2 B2 B2

5 1 1 1 14 1 14 5

6 6 6 6

II - III - I

1000

40
0

8 32   
A-III

1000

40
0

8 40   
A-III

. 2. 

, 1

2 .
 10 .

F1 F2 F3 F4 F5 F6 F7 F8

5 1 1 1 14 1 14 5

6 6 6 6

. 3. 

:

k =10000 / 2; Eb =2,7·107 / 2; Es =20·107 / 2; 0100,Fi = .

:

,redb IEB 1=                                                                      (14) 

Eb1– ; Ired – .

:  ,2971772831 ,B = .2891902622 ,B =



277

X* :

1 Q1-2(l2)
2 EI1 ϕ 0-1(0) 
3 Q4-5(l5)
4 Q0-1(0) 
5 EI2 v1-2 (0)=n1 EI1 v0-1(l1)
6 EI2 ϕ 1-2(0) =n1 EI1 ϕ 0-1(l1)
7 M1-2(0) 
8 Q1-2(0) 
9 Q7-8(l8)

10 EI2 ϕ 2-3(0) 
11 M2-3(0) 
12 Q2-3 (0) 
13 EI3 v3-4(0) =n2 EI2 v2-3(l3)
14 EI3 ϕ 3-4(0) =n2 EI2 ϕ 2-3(l3)
15 M3-4(0) 
16 Q3-4(0) 
17 EI4 v4-5(0) =n3 EI3 v3-4(l4)
18 EI4 ϕ 4-5(0) =n3 EI3 ϕ 3-4(l4)
19 M4-5(0) 
20 Q4-5(0) 
21 EI7 ϕ 9-10(l10)

22 EI4 ϕ 5-6(0) 
23 M5-6(0) 
24 Q5-6(0) 
25 EI5 v6-7(0) =n4 EI4 v5-6(l6)
26 EI5 ϕ 6-7(0) =n4 EI4 ϕ 5-6(l6)
27 M6-7(0) 
28 Q6-7(0) 
29 EI6 v7-8(0) =n5 EI5 v6-7(l7)
30 EI6 ϕ 7-8(0) =n5 EI5 ϕ 6-7(l7)
31 M7-8(0) 
32 Q7-8(0) 
33 Q9-10(l10)
34 EI6 ϕ 8-9(0) 
35 M8-9(0) 
36 Q8-9(0) 
37 EI7 v9-10(0) =n6 EI6 v8-9(l9)
38 EI7 ϕ 9-10(0) =n6 EI6 ϕ 8-9(l9)
39 M9-10(0) 
40 Q9-10(0)

X* =

(15)
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M, v,  ×10-4

.
x, Lira , % Lira , % 

0.0 0 0 0 0 0 0 
1.0 49.039 50.007 1.97 8,4949 8,4940 0,01 
2.0 106.34 108.44 1,97 14,184 14,183 0,01 
3.0 77.373 77.900 0,68 14,750 14,748 0,01 
4.0 62.787 64.028 1,98 10,882 10,880 0,02 
5.0 -41.166 -41.976 1,97 4,3620 4,3610 0,02 
6.0 -140.57 -143.34 1,97 0 0 0 
7.0 -45.773 -46.675 1,97 1,3289 1,3280 0,07 
8.0 50.561 51.560 1,97 5,0842 5,0830 0,02 
9.0 51.788 52.811 1,97 6,9041 6,9030 0,02 

10.0 59.675 60.853 1,97 5,7707 5,7700 0,01 
11.0 -26.903 -27.432 1,97 2,1848 2,1840 0,04 
12.0 -111.18 -113.37 1,97 0 0 0 
13.0 -26.903 -27.432 1,97 2,1848 2,1840 0,04 
14.0 59.675 60.853 1,97 5,7707 5,7700 0,01 
15.0 51.788 52.811 1,97 6,9041 6,9030 0,02 
16.0 50.561 51.560 1,97 5,0842 5,0830 0,02 
17.0 -45.773 -46.675 1,97 1,3289 1,3280 0,07 
18.0 -140.57 -143.34 1,97 0 0 0 
19.0 -41.166 -41.976 1,97 4,3620 4,3610 0,02 
20.0 62.787 64.028 1,98 10,882 10,880 0,02 
21.0 77.373 77.900 0,68 14,750 14,748 0,01 
22.0 106.34 108.44 1,97 14,184 14,183 0,01 
23.0 49.039 50.007 1,97 8,4949 8,4940 0,01 
24.0 0 0 0 0 0 0 
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