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Abstract 
 

This article falls within vital question in quickly builds construction – theoretical method for calculating the slabs and columns of such 

buildings. Calculation research of buildings with reinforced concrete frame slabs is described in the article. The features of work the 

collapsible flat plate ceiling in composition of reinforced concrete framework of building are analyzed. Problems in the design of frame-

work building are considered in order to increase its reliability. The suggestions for directions of perfection the calculation of flat plate 

frame construction elements are proposed in the article. The novelty of this work is to get new theoretical data about bearing capacity 

and deformability of structural system for the affordable housing construction from reinforced concrete. 

 
Keywords: flat plate ceiling, reinforced concrete framework building, low-cost housing beam. 

 

1. Introduction 

The current stage of construction is characterized by the problem 

of need to reduce the cost of buildings and structures by reducing 

the complexity of their construction, material cost saving, the use 

of energy saving fencing structures. One solution to this problem 

is the use of industrial constructions, which have considerable 

advantages over monolithic. Today, there are many examples of 

effective use of such structures, both in new construction and in 

the process of reconstruction. Industrial skeleton without using 

beams and capitals (system of "KUB" type) stands out clearly 

among them. It was adopted from the late 60s of the last century 

and today has been improved during its use in solving problems of 

the program providing people with affordable housing [1]. 

Application of this framework has almost solved the contradiction 

between strength and resistance to heat transfer of wall materials 

in wall buildings by separating the bearing and guarding functions 

of the walls. Because of this, the skeleton without using beams 

and capitals has become more widespread in recent times [2 – 3]. 

In 2008 according to the projects of the State Design Institute for 

Urban Development "Miskbudproekt" within the program of ex-

perimental construction system "KUB" [4] in buildings of afford-

able housing, as well as in other buildings (Fig. 1) was applied for 

the first time in the city Poltava. 

2. Analysis pf Recent Research and Publica-

tions  

Constructive system without using beams and capitals has not 

been sufficiently studied so far as evidenced by the [5] static cal-

culation for a system of perpendicular frames. But this approach 

does not reflect the actual work of the frame elements within the 

building and therefore leads to inefficient use of armature.  

Also in the calculations the junction of a column with overlap is 

considered to be a spline. But in this node point there cracks aris-

ing from the effects of bending moment in the plate, which signif-

icantly reduces the initial height of the spline, turning it into an 

unknown value. 

Constructive system without using beams and capitals is proposed 

to apply as the most effective one among others for the construc-

tion of affordable housing. 

The feature of constructive system without using beams and capi-

tals is the absence of its traditional beam crossbars which results 

in using of multistory columns without consoles. Prefabricated 

plates of overlap are combined by a loop joint in a solid disk that 

locally rests directly on the columns through the plates over col-

umns. The spatial rigidity and stability of such a frame, which can 

work according to the frame or frame-visage scheme, depending 

on the design decisions, must be ensured by the reliable operation 

of monolithic joints between the elements [5]. 

Preliminary experimental data [6 – 9] testify that some features of 

the combined overlap under load in its working process are char-

acterized by the presence of cracks in two directions of any plate. 

These features can be explained by the differences in the transfer 

of load from the plates to the columns compared with the beam 

overlaps. So, in traditional beam systems, the load is transmitted 

sequentially: from plates to beams and then on console columns. 

Thus the overlap in constructive systems without using beams and 

capitals rests directly through the plates on the columns, then the 

static work of such a system is characterized by collecting the 

vertical load on the column from all directions along the shortest 

distances. It should be noted that the nature and character of the 

cracks formation in the overlap depend on the method of its manu-

facture [10]. So, in a blocked overlap of constructive system with-

out using beams and capitals the cracking process in plates differs 

from the cracking process in a plate of monolithic overlap. 

http://www.sciencepubco.com/index.php/IJET
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 3. Formulating of the Article’s Goals  

Despite the fact that the method of calculating the systems without 

using beams and capitals is described in [5], today there are still 

many unsolved problems. Among them as evidenced by the  

а)   

b)  

c)   

d)  

Fig. 1: Buildings in Poltava: a) residential 16-storeyed on Bohdan Khmel-

nytsky avenue, 21; b) residential 16-storeyed in Sobornosti street, 60; c) 
hostel in Pershotravnevyi avenue, 5; d) office centre in European street, 2. 

 

results of experimental and theoretical studies [5] is ignoring the 

presence of significant strength reserves in such constructive sys-

tems. Therefore, this work is aimed at research the task of calcu-

lating the bearing capacity of overlap plates and columns in con-

structive systems without using beams and capitals 

4. The Main Material with the Justification of 

New Scientific Results 

If you analyze the work of the overlay disk as a system of con-

nected combined plates, it appears that the load transfer sequence 

is the same as shown in Figure 2. Therefore, the reinforcement of 

plates is rationally made by the calculations, which implement the 

scheme of load transfer from the plate to the plate. Also, with 

such a load transfer scheme, each plate will have its own destruc-

tion scheme. 

a)  

b)  
Fig. 2: Schemes for gathering loads on columns: a) in monolithic frames 
without using beams; b) in prefabricated frames without using beams and 
capitals: 1 – directions for transferring loads to columns; 2 – from plates 

above columns to a columns; 3 – from plates between columns to plates 

above columns; 4 - from the middle plates to plates between columns. 
 

The basis of the calculation is the kinematic way of the boundary 

equilibrium method, which allows to apply the equation of equi-

librium between the virtual work of external and internal efforts 
on possible appropriate offsets in the direction of the load q , jP , 

and effort iM [11]: 

1 1

k n

j i iq j i
j iA

q dAy y j lP M
 

       ,                       (1) 
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where

q
y  – the displacement of the plate from the load q ; 

j
y  – 

the displacement of the plate from the load jP ; iM – the moment 

in the i- th linear plastic hinge per unit of its length; 
i

 – the angle 

of the disk rotation in the i-th linear plastic hinge; il  – the length 

of the i-th plastic hinge; n – number of examined sections of  line-

ar plastic hinges.  

Internal efforts in plates are distributed unevenly; therefore it is 

advisable to reinforce the plate in accordance with the method of 

constructing a diagram of materials with the breakage of longitu-

dinal armature.  

The methodology of calculation is based on the following assump-

tions:  

Two cases of the plates’ destruction in the limiting state of the 

plate are considered (Fig. 3); 

plates have breaks of working reinforcement rods along the length 

along the sides, which are based on plates above the columns, at 

the same time the condition of equal strength of the plates is ful-

filled in the first and second cases of destruction (Fig. 3);  

– at the moment of reaching by construction the state of limit 

equilibrium the tension in armature reaches values corresponding 

to the yield point of steel ydf ; 

– at the moment of destruction the plates are separated by hinges 

of plasticity on separate absolutely rigid disks; 

– the breaks location and the number of armatures are defined 

with minimum area of armature necessary for the plate reinforce-

ment. 

a)  

b)  
Fig. 3: Kinematic scheme of the plate destruction: a) for the first case of 

destruction; b) for the second case of destruction. 

 

In accordance with the assumed preconditions for the middle plate, 
on which only continuous uniformly distributed load with intensi-

ty q  operates, the equation of virtual works (1) in the first case of 

destruction (Fig. 3, a) will look like this: 

1 1 1
2 X YqV ( )M M   ,                         (2) 

where V – the volume of the figure formed by plate discs with 

their virtual turn around the linear plastic hinges (Fig. 3, a); 

1 1X Y,M M – the sum of the projections of limiting bending mo-

ments in the linear plastic hinges (Fig. 3) in the planes of the axes 

Y and X respectively. 

Let's consider the effect of bending moments in the plate for the 

first case of the formation of plastic hinges (Fig. 3, a). 

In the plate in its limiting state the limiting evenly distributed 

moments 
im  and 

i
m  are acting (Fig. 4), which represent the sum 

of projections of moments 
xm  and ym  on the normal to the linear 

plastic hinges (Fig. 3, a). The value of moments 
xm  and ym  per 

unit of length can be calculated according to the following expres-

sions: 

 

sy syyd

x

x

sx sxyd

y

y

fA z
m

S

fA z
m

S













,          (3) 

 

where sxA , syA  – the area of one reinforcing rod located along 

the axes X  or Y  respectively; 

sxz , syz  – the corresponding values of the distance between the 

internal pair of forces for moments 
xm  and ym ; 

xS , yS  – the steps of bars in reinforcing grids along the axes X  

or Y respectively. 

For disk I  in figure 3,a according to the scheme on figure 4 the 

values of the limiting bending moments are determined by de-

pendencies: 

 

x yI

x yI

m yIa x

m yIa x

m cos sinm m

m cos sinm m

m cos sin )( mk m

m cos sin )( mk m

 

 

 

 

 

 

 

 









,         (4) 

 

where 
mk  – the coefficient of reinforcing rods area reduction in 

the areas where part of the armature is ragged. 

If in the section where the reinforcing rods break up, 50% of their 

total area remains, then 0 5m ,k  . 

 

Fig. 4: For determination the limiting bending moments 
im  and 

i
m  in 

plastic linear hinges (for discs I , II  and III ). 
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Similarly the sum of projections of the limiting bending moments 

for the discs II , III and IV  is determined [12]. 

Limiting bending moments acting in plastic linear hinges in the 

presence of breakages or bends of reinforcing rods according to 

the scheme in Figure 3,a for discs I  and II  are determined by the 

dependence: 

 

1 2 2
2 2 2 1X x x m x m( l a ) a ( l a( ))m m k m kM               (5) 

 

For discs III  and IV the value of limiting bending moments is 

determined by the dependence: 

 

1 1 1
2 2 12Y y y m y m( l a ) a ( l a( ))m m k m kM             (6) 

 

For further calculations the following assumptions can be taken: 

 

2 1

2 1 1

1 11

1

0 5

/n l l

nl l l

,f l 



  









                           (7) 

 

Taking into account the accepted assumptions and the scheme of 

limiting bending moments distribution (Fig. 5), the equation of 

virtual works (2) will look like this: 

 

3

1

1 1

3 1
2 2 1 2 2 1

6
x m y m

q ( n )l
( a( ) ) ( a( ) )m k l m k l


      (8) 

From equation (8) the limiting load on the plate is: 

1 1

3

1

12 2 1 2 1x m y m( ( a( ) ) ( a( ) ))m k l m k l
q

l

    
              (9) 

 

For the second scheme of the plate destruction (Fig. 3,b), when the 

plastic hinges are formed in the places of armature breakage, the 

values of the limiting bending moments acting in plastic hinges 

are determined by the dependencies: 

 

2 2

2 1

X x m

Y y m

m k lM

m k lM









.                        (10) 

 

Taking into account accepted simplifications (4) and the scheme 

of limiting bending moments distribution (Fig. 3,a and 3,b), the 

equation of virtual work for this case will look like this: 

 

3 2 2

1 1 2 1

4
2 2 2

3
x m y mq ( a )a a l l m k l m k l                         (11) 

 

The limiting load on the plate: 

 

1

3 2 2

1 1

6

4 3 1 3

yx
( m n )kl mm

q
( n ) a na a l l




    
                                    (12) 

 

If to equate the expression (9) to the expression (12) and to per-

form the appropriate transformation at 
1la k l   and ny x

m m k , 

then we will obtain the equation relatively to 1l a /k l : 

 

3 2
4 1 1 2 1 044 6 3l l l m n m nl
( ) ( ) ) ( )( kk k k k k k k            (13) 

The equation (13) is solved relatively to
lk  at a given value 

mk . In real conditions when 50% of the armature rods will be torn 

0 5m ,k  . 

For plates between columns, in accordance with Fig. 2, the follow-

ing prerequisites are adopted as for middle plates. Kinematic 

schemes for two cases of destruction are shown in Fig. 5. 

For the case when the plate is destroyed by the first scheme 

(Fig. 5, a), the equation of virtual works (1) will look like this: 

 

1 2 21 1

1 1

2

2 3

T

q f q fl l l
M                                          (14) 

 

The limiting bending moment, which can perceive the plastic 

hinge, is determined by the dependence: 

 

1 1ym lM                         (15) 

  

a)  

b)  
Fig. 5: The schemes of the linear plastic hinges formation in the plate 
between columns: a) for the first case of destruction; b) for the second case 

of destruction. 
 

If to take into account the fact that the plate between the columns 

has a square shape 
1 2

( )l l , displacement in the middle of the 

plate 
2 11

0 5,f l   at 
1 1

tg  , and the load from the middle 

plate 
1

0 5
T

,q ql , the equation of virtual works (4) will look 

like this: 

 

3 3

1 1

1
2

4 6
y

q ql l
m l                                         (16) 

 

The boundary load on the plate between the columns will be equal 

to: 

 

2

1

24

5

ym
q

l

                                         (17) 

 

For a case in which plastic hinges are formed in the places of the 

armature breakage (Fig. 5, b), the limiting bending moment, which 

can be perceived by plastic hinges, is: 

 

2 1my
m k lM                                 (18) 

where 2

1
m

M
k

M
 . 
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The equation of virtual work for this case will look like this: 

 

 
2 3

1 2 22 2

1 1 2 12 2 2 2

3 4
2

6
my

l a a
q a q ml l a k l  


        (19) 

 

The bearing capacity of the plate will be determined by depend-

ence: 

 

1

2 2

2 1 1 22

12

9 6 4

my
m k l

q
( a )a l l a


 

                                      (20) 

 

If to equate the expression (17) to the expression (20) and to per-

form the appropriate transformation at 
12l

a /k l , then we will 

obtain the equation relatively to 
lk : 

 

3 3 3 3 3
8 12 18 5 0

l l l l ml k l k l k l k                           (21) 

 

The numerical solution of this equation at 0 5
m

,k   gives the 

result 0 157
l

,k  . 

The area of the working armature in the plate is determined by the 

formula: 

 

2

1
5

24

y

sx

sxyd

ql S
A

f Z

                          (22) 

 

For plates above columns the kinematic schemes for two cases of 

destruction are shown in Fig. 6. 

a)  

b)  
Fig. 6: The formation of linear plastic hinges in the plate above the col-

umn: a) for the first kinematic scheme; b) for the second kinematic 
scheme. 

 

For the first case of destruction in accordance with the kinematic 

scheme in Figure 6a, the equation of virtual works (1) will look 

like this: 

  

11 1 11 1
2

П

q ( )q fV l M M                                          (23) 

 

where 
1V  – the volume of the figure which is formed as a result 

of the discs rotation around the axes that pass on the edges of the 

plate hole (Fig. 6a): 

 

21

1 1 2 1 2 1 21

3

f
( b b )fV l l l l l l                           (24) 

 

1M , 
1M  – the sums of limiting bending moments projections in 

linear plastic hinges. 

Whereas the plate over the column has a square shape 
1 2

( )l l , 

the displacement in the middle of the plate 
22

af   at 

2 2
tg  , and  the load 

1
0 75

П

,q ql , the equation of virtual 

work for the second case of destruction:  

 

2

22 1 22 2
0 75 2q , q ( )fV l M M                         (25) 

 

where 
2V  – the volume of the figure which is formed as a result 

of the discs rotation around the axes that pass through the lines of 

the armature breakage (Fig. 6, b). 

 

2

2 1 2 1 2 1 2 1 22

1 2

2 2
3

2 2

f
( ( a )( a )fV l l l l l l l l

( a )( a ))l l

    

  


     (26) 

 

Considering the expressions (23) and (25) as a system of two 

equations, taking into account the dependences (4), (24) and (26), 

the bearing capacity of the plate over the column is determined by 

the dependence 

: 

1

2 2

1 1

12

6 4 9

mx
m k l

q

( a ) )a l l



 

                                         (27) 

At a given value 0 5
m

,k   optimal value 
1

a l k
l

   will be 

at 0 312
l

,k  . 

 

If to analyze the scheme of columns’ loading with constant and 

temporary loads within the same floor (Fig. 7), two cases of col-

umn loading can be distinguished [13]: 

- first one - the central compression; 

- second one - the noncentral (oblique) compression. 
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Fig. 7: The fragment of the overlap construction: 1 - centrally-compressed 
column; 2 - loading area for the central compressed column; 3 - noncen-

trally compressed column; 4 - loading area for noncentrally compressed 
column; 5 - oblique pressed column; 6 - the loading area for the obliquely 

compressed column. 

 

For calculating the bearing capacity of columns in first and second 

cases the estimated values are: constant g (kN/m2) and temporary 

v (kN/m2) loads from the overlapping over the column; full N (kN) 

and temporary Nl (kN) load on the column from all above-ground 

floors. Also are required: the height of the floor Hf (m); the esti-

mated length of the column Пl Но  ; the cross-sectional dimen-

sions of the column b × h (mm); the calculating characteristics of 

concrete f cd , Ec , cd , 1cu ; the calculating characteristics of 

the armature f yd , Es , 1c , ud . 

For calculating the columns in the second case of loading, the 

bending moment in the plane of height h from the action of the 

total external load ( g v )  on the area of overlap A  above the 

column will be determined by the formula: 

 

 0 5M , g v A h                                                                    (28) 

 

where h  – the transverse dimension of the column in the plane of 

bending moment action. 

The moment from permanent and long-term external load action 

on the overlap above the column 

: 

 0 5, g v A hM ll                                                                  (29) 

 

The estimated eccentricity in this plane for noncentrally com-

pressed columns: 

 

0 M Ne                                                           (30) 

 

For the case of a column oblique compression at 

1 1l l l lyk y xk x    (Fig. 7) the eccentricities of the longitudinal 

force application for mutually perpendicular planes [14]: 

 

0 M Ne x  ,        
21

21

l ly yk
e eoy ox

l lx xk

 
 

 
                                (31) 

 

The formulas obtained from the analysis of the columns loading 

scheme will allow to implement the static calculation of the con-

structive system without using beams and capitals. 

In general, it is recommended to calculate the strength of the 

oblique noncentrally compression from the equilibrium condition 

of the noncentrally compressed element according to the calculat-

ing scheme presented in Fig. 8. According to this scheme: 

 
Fig. 8: The scheme of reinforced concrete element stress-deformed state at 

oblique compression 

 

0N e f S Scd c si si                                                         (32) 

 

where e  – the distance from the line of the applied longitudinal 

force No  action to the axis passing through the center of gravity 

of the most distant stretched rod section;  

Sc  – the static moment of the area of concrete compressed zone 

relatively to the same rod,  

 

S A zc c c ;                                                                               (33) 

 

si  – the tension in the i  th rod of longitudinal reinforcement; 

Ssi  – the static moment of the i  th rod of longitudinal rein-

forcement relatively to the most distant stretched rod; 

zc  – the distance from the point of resultant stresses in the con-

crete compressed zone Nc  application to the most distant 

stretched rod.  

 

00f A A Ncd c si si                                                          (34) 

 

The sign of tension si  in rods is determined by the coefficient 

1 1k ( x d ) / x di i i    and is entered with the corresponding 

signs: plus means stretching, and minus – compression. 

The height of the compressed zone 1X  and tension are deter-

mined from the joint solution of equations (32) and (34).  

The solving of equations (32) and (34) as a system is a complicat-

ed task, especially when in the scheme on fig. 8 the deformation 

model is used. The determination of the neutral line position is 

performed by the method of successive approximations. To de-

termine the position of the neutral line must be observed addition-

al conditions: the point of external force No  application, the re-

sultant compression efforts in concrete Nc , in compressed arma-

ture N /
s  and in stretched armature Ns  must lie on one line І – І 

(Fig. 8). In order to simplify calculations in practical tasks of de-

termining the bearing capacity is proposed to implement simpli-

fied formulas. Their essence is in following. The bearing capacity 

of an element with oblique noncentral compression can be de-

scribed by some surface (Fig. 9). Each point on this surface is 

characterized by four variable parameters N , M x , M y  and the 

angle of the power plane  . If the point with the parameters Ni , 

M xi , M yi  and i  gets inside the volume which bounded by the 

surface of the bearing capacity, the bearing capacity of the ele-

ment is ensured. 
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Fig. 9: The surface of the bearing capacity of the element with oblique 

compression 

 

Practical methods of calculation at oblique compression of col-

umns  in constructive system without using beams and capitals 

lies in the calculation of their bearing capacity for a given geomet-

rical dimensions /h, b, a , as s , reinforcement area Asi  and 

strength characteristics of concrete fcd  and armature f yd .  

Using the accepted model, the checking of bearing capacity the 

columns with rectangular section and symmetrically located arma-

ture in the form of 4 rods at the corners of the section (Figure 8) 

can be performed on the condition: 

 

1

kk

yx

o o

x y

MM

M M

  
     

   

                                                                 (35) 

 

where xM  and yM – the moments from the external load relative-

ly to the center of gravity of the section in symmetry planes x  

and y ; 
o

xM  and o

yM   – the internal limiting moments relatively to the 

center of gravity of the section in symmetry planes x  and y . 

According to the scheme on fig. 8: 

 

      o o / /
sx y cd yd sM M f b x d 0,5x f A N / 2 d a             (36) 

 

where /As  – the area of reinforcement in the compressed zone of 

concrete relatively to x  or y , 

 

at 
N

x dn R n
f b dcd

      
 

                                  (37) 

 

and at 
 1 2n R s Rx dn R
1 2R s

   
 

 

    
   
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              (38) 

 

where s
fcd A

as
f b dcd




 
;                                                              (39) 

 

As  – the area of reinforcement in the stretched concrete zone 

relatively to x  or y . 
The exponent k  is recommended to determine the following for-

mulas: if 0 4, ,n   then 

 

 4
23,44 0,023a 0,275+ as sk +0, an0,254+ a 0,16 + as s


             (40) 

if 0,4n  , then 

 
 

1 7
2

2
, a 0,275+ as sk +0,1775 a 0,16 + 1,6n

4 0,16 + as

 
 
   
 
  

 (41) 

f As,totyd
s

f b dcd





 
                                                                       (42) 

 

where As,tot  – the total area of reinforcement in the column sec-

tion. 

5. Conclusion 

1. The constructive system without using beams and capitals is 

promising for the construction of residential and public buildings. 

2. The application of the kinematic method of the limiting equilib-

rium theory gives an opportunity to calculate the optimal rein-

forcement and to take into account the plate support scheme and 

the nature of applying the load to them. 

3. Plates with breaks of longitudinal reinforcement are better satis-

fying the conditions of internal forces distribution, which allows 

reducing the cost of reinforcing steel by 15%. 

4. To calculate the bearing capacity of the columns in the frame 

without using beams and capitals it is possible to use the simpli-

fied engineering technique represented by the formulas (35) – (42). 

The advantage of the proposed method is the ability to control the 

strength of the columns in each plane of the sections, which allows 

them to perform their optimization design taking into account the 

complex longitudinal deformation. 
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