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Zdzisław SULIMOWSKI 13

VECTOR ANALYSIS OF A REINFORCED CONCRETE CROSS-SECTION

1. General relationships

Let us consider a cross-section of a reinforced concrete member. The
area limited by the contour of the cross-section will be regarded as the
area of the concrete cross-section and denoted by A^. In the centre of
gravity O of this area we assume the beginning of the local ortho-Cartesian
dextrorotatory system of coordinates u* v, w CFig 1}. The corresponding
versors of the axis Ou. Ov, Ow are denoted by 1» J. k. The cross-section
considered bel ongs to the plane v,w. *

The member is reinforced with flexible steel bars whose number is k. The
area of the cross-section of the successive reinforcing bar is denoted by
A .and its distance from the axis Ow is determined by the vector v *v J. ©v mt 91

The cross-section of the concrete and reinf or cement is symmetrical to Ov.
The cross-section load is a conjugated couple of internal forces: axial

force N, and bending moment M. An equivalent load is the longitudinal force 
N on the arm e * eJ. such that Nxe « M Cvector product}. The denotations 
have been assumed acc. to the convention used in mechanics: axial force N>0 
refers to tension in the cross-section, M>0 causes tension in the bottom 
IT! fibres of the cross section. In accordance with this, the normal 
stresses .* al and the tensile ones are assumed to be positive, and the 
compressive stresses — negative. The height of the cross-section h, width 
b , the area A and the area A., as well as the design compression
V  c *i

strength of concrete f , and of the compression and tensile strength of
steel f will be regarded as positive scalars. Thus, the situation when yó
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fig. 1. Cross-section of & reinforced concrete member

Let an arbitrary, conjugated couple of external forces CN .M } causeds s
by the load, operate on the cross-section. This will cause in the 

cross-section a certain state of normal stresses or . If we- make sufficient 

and consistent analytical assumptions defining all the possible distri

butions and values of normal stresses in concrete cr and steel tr
cu su *

determining the carrying capacity of the cross-section an the state

considered, then we thus create a set of conjugated couples of internal 
f orces

<N , N > ri -j
R  R  ' ‘ I - ?

at which a realisation of the carrying capacity of the cross-section takes 

place. A graphic presentation of the set CIO is the interaction diagram.
We may easily find that

vZ k
N = N + N z f r b d v i r »  A r=.->

»  C U  B  U  " j 0 “  v  S U i  S V '

VZ k
M + N = xvb dv + T! e* xv A rdicu cu J j<tu v A- nu i  .i »  c3:)

Cin a definite area of the cross-sectionO the stress in the concrete has
beer, reached the design compression strength.wi 11 be written as o ■ - -f

c cd"
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In the present paper we shall create the vector products only from the 
vectors which are perpendicular to each other, colli near with the assumed 

coordinate axes. The forces and stresses are collinear with the axis Ou; 

N = [ Nu ,0,03 , *  - to“.0,01, the arms of the forces are collinear with the 

axis Ov; e = t0,e',,03, v = [0,vv,03, with the vector of the bending moment 

being parallel to Ow; M - C0,O,Mw3.

Thus, e.g.
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H x e Nu 0 0 | = kNuev = kMv * M C4D
0 e 0 |

In view of this, the algebraic equation Nuev=Mw permits the determination 

of an arbitrary chosen coordinate provided that remaining two are known.

Analogically, the coordinate of the vector of eccentricity of the 

resultant force N in the concrete may be calculated as the quotient
v2
Jv 1Jo vb dvcu V

  CC55
V 2
fcr b dv
j CU V

hence,
v = jv C C6}c c

whereas,
M = N xv = kN v C C75
C U  cu c cu c

Let us define the reduced vectors with dimensionless coordinates:

N <C85f A *cu c

r f A hy»cu c
C9}

where V' is normalizing coefficient.
From formulae C2D and C33>. taking into consideration he identity

equalities, we shall obtain respectively:
k

n = n + n  = n + £ n CIO}R cu au cu “  at
k

m = m + re * m E re . C112>R cu au cu ^ ai

thanks to which set Cl} may be presented in the form

<nR' C12}



Lei us consider the axes Ou and Ow. Multi playing their measures N, M 
respectively by 1/Cf A ) and 1/Cf A hyO. we shall obtain the transformedou c e u  e
dimensionless system of coordinates which will be denoted on On, Om. In the 
plane Onm we may present graphically the reduced carrying capacity of the 
cross-sectin in the form of the relatloships CIO)» Cll), C12); CFig. 2).
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Fig- 2. Graphical representation of the reduced load carrying capacity of a 
reinforced concrete cross-section according to formulae CIO), Cll), C12)

Especially the vector

r * n m Cl 3)c u c u cu

may be interpreted as the reduced carrying capacity of the concrete 

cross-section on normal stresses. The set <n ,m > of the coordinates ofcu cu
the end of this vector determines the line of interaction for the concrete 

cross-section, hence r is the radius-vector of this line. On the cross-
C U

section of a definite shape, the coordinates of the line of interaction 

depend on the analytical assumptions made, defining the stresses O' .
In a similar way. the vector

r— n-..* ■  C l «

represent the reduced carrying capacity of the total reinforcement of the



cross-section. It is d e p e n d e n t  on the quantity and position of this
reinforcement and on the analitycal assumptions reffering to the stresses
<r> . The carrying capacities of the particuliar reinforcing bars are denoted
by the successive vectors r * n . + m ., whose superposition makes the 
J e u v  a ui tui

vector r .•u
The total vector

r * r ♦ r Cl5)a cu *u

with the end coordinates may be understood as radius-vector of the

reduced line of interaction of whole reinforced concrete cross-section

<n .m > . a a
The procedure outlined above may be used to determine a set of coordi

nates of the reduced interaction diagram for the computational assumptions, 

provided the geometry and strength characteristics of the cross-section 

ar e k nown.
Since the carrying capacity of deformable element is analyzed here, the

resultant N of the normal stresses from the considered region of cross-
ui

section area must be regarded as attached vector. This may be. for example, 

the resultant of the stresses from the compressive zone of the concrete, or- 

the resultant of the stresses in the reinforcing bar. or finally - theo 

resultant of the stresses from a group of reinforcing bars in closes 

proximity.
In the actual cross-section, the distance of the considered vector

from the axis Ow is determined by means of v.. On the basis of C43.C83.C93»
we conclude that there exists a dimensionless collinear with Ow, eccentric

vector so that
t

n x P * m Cl6}
U  t  V U l

Taking into account the orthogonality of the vectors and m^, we are

able to calculate the coordinate
m

U  V

„  = ---------------------------  Cl 7}i n .
U  L

Since we have the relationships defined by formula C7} , it may clearly

be shown that: 1
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and

V « Jv CIO}x t

Fig. 3. Method of constructing of the vector inclination

The coordinate may be interpreted as the directorial coefficient of

the straight line CcD, given by the equation m=i-\n+m , collinear with the
v o

vector r . =*n + m . Determining *$COn,r D =a with a ^ C  -nX2, tt/22> . in compli-
U l  U  V UV UV V V

ance with Fig. 3. we shall obtain

i> * tg ot C20D
v i

hence, after substituting C18>

a *  arc tg Cv^/ChyOD C21}

Making use of the above relationships we may solve an important problem

consisting in the selection of the required reinforcement for the assigned

couple of internal forces CN , M D. Basinq calculation on the ultimates s ~ x
state of carrying capacity, let us assume that

CN = N , M = M } C223
S  R  S  R

and applying the previous transformations also to the internal forces, we
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find the reduced vector of the inter nail forces

r = n + m C 23>s s s

in view of which the condition of realization of the state being consi

dered may be writtem in vector form:

To solve the problem are required the directional angles of the

vectors r which - as arises from formula C213 - may be obtained byBl
assuming the position of the reinforcing bars. The problem is very simple 

if reinforcement can be reduced to two areas A and A whose centres ofa 1 sZ

In a general case of dimensioning of the Cross-section, the number of 

the parameters necessary for the determination is greater than the number 

of the conditions of equilibrium, since apart from the required and most 

frequently given in the assumptions, design strengths of the concrete f ^  

and steel f , the following parameters must be determined: dimensions of

the concrete cross-section Ctwo for rectangular, and six for Jl-bar one) , 

the areas of the reinforcement cross-sectios A ,A »the distaances d ,d91 S2 1 2
and the height of the compressed zone of the cross-section x diependent on

the actual values CN , M thus, in the simplest case - 7 unktnown para- s s
meters, compared witch two conditions of equilibrum C22D.

In the search for the solution, two kinds of approach are us<ed:

C13 Assuming the dimensions proportion of the concrete cross-section, the 

reinforcement ratios Cp =A /A , p =A /A } , and the ratios d /h, d /h,
1 si c 2 82 c i 2

it is possible to determine the dimensions of concrete cross-sections, as

well as the area and position of reinforcing steel. Such procedure leads to

the diagrams given, i. a. in C13, obtained in analytical way though they may

be easily justified by means of vector relatioships.

C2D Assuming the dimensions of the concrete cross-section and the distances 

d , d , we search for A ,A , and x. For an explicit solution we need an
1 2  al &2

ancillary condition; in some cases it may be defined by the code rules, and 

where it is missing, we may rely on the optimizing condition, e.g.

r 6 <r >
S  R

C24D

gravity are distant respectively, by d^ and d^ from the upper and lower

[2 ] edge of cross-section.

yd

* tninC A + A D • I »2 C25D



Approach C2D 1* of ton used in engineering practice, and is well suited 
to vector analysis. It has been presented in paper [23 for the assumptions 
of the Polish Code [33.

2. Solution for the ultimate limit state acc. to CEB-FIP Model Code 1978

Let us consider a rectangular cross-section with denotations as in Fig. 4 
and accept the assumptions of 14, item 10.4.1.13, including the plane 
sections principle. To the denotations assumed we shall add the following
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Fig. 4. Rectangular cross-section of a reiforced concrete member

assignations: Strains e 5 ii of the particular fibres of the cross-section

are regarded as the vectors taking positive values if they are elongations,

and negative values - if they are contractions. The height x of the

compressed zone of the sectiom, distances d ,d , and the moduli of
& 2

elasticity E^, are interpreted as positive scalars.

On the basis of [4,item 10.4.3.13 we assume that the stress diagram in 

the compressed zone of concrete is parabolic-rectangular while e =-0.002,cd
£cu=_°- 0035; for the purpose of calculating we shall determine 

fcd-°- 85fckyYc- Similary, on the basis of C4,item 6.4 2.33 we shall 

assume that steel behaves here like an ideally elasto-plastic material; 

fyd=fyk/y*’ =200000 MPa. In compliance with C4,item 6.4.2.33 it has been



assumed that . SO, y^=1.13. For reinforcing steel we find
We shall introduce the ratios

d d - s  .4 2 *  ad
6 = — —  »- 6 = -r—  . r> *    , r> « —  ---  C283i h  * h  c  . ad €cd od

Now we shall write the assumed constitutive relationships between the 
stresses and strains for the carrying capacity of the cross-section.

At the strains e in any fibre of the concrete
0 for n<0

- fcdr>C2- tfi for 0<»<1 C273
- f for 1 < r)Sl. 75

and respectively in steel
f . for -5<r)£-T) .y d  ad

- 0.002 E tj for -r) <r)£r) C285a ad ad
- f , for 7) .<r)<1.75yd »d

Cfor Polish steels with the successive values f * 190 , 310, 350 MPa weyd

shall obtain respectively *7^® 0.475, 0.775 , 0.875D.

By means of the reduced strain coordinates of the edge fibres r)± and 

we can express the reduced strains of the reinforcing steel A^ and A^.

D#1' r>iCl-6i +̂r)t6i C293

r>mam r)1<5J+i7jCl -6^ C303

the height of the compressed zone of the section

x = h a h/C r>4 ; 0ix£h C315

and of this part of the height of the compressed zone in which at  *-fcd

y = Ci>1-l^b/CT7i_1'?2^ » 0<yS3h/7 C323

In Fig. 5 are shown six c(T)....(5)> configurations of the cross-section 

strains which make possible the defining of the corresponding intervals of 

strain variations in concrete and steel. The limits of these intervals 

expressed by means of r^ and 172 are given in Table 1, whereas in Fig. 6 is 

shown distribution of the stresses a in the concrete which corresponds to 

them.
On the basis of relationships C23 and C33 in the terms reffering to 

concrete, and with due consideration to the reduction acc. to C83 and C93, 

for relation C273 the formulae for the coordinates n ^  and of the
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vector r in relation to On and Om have been determined. Leaving outeu
simple transformations, the results are compiled in Table 1. Within the 

interval f5j - fsj , the relationship between n and m is a linear one.N ' c u  cu

£      .
0,01 0,005 0 - 0,002 - 0P035
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Fig.5. The configurations of the cross-section strains

For the same intervals, rfat ancl ^ s2 Le calculated by means of

formulas C2QD and C30}, and on the basis of C28D may be found the 

respective values of strsses o in the upper reinforcement and o in theBl s2
bottom one.

T a b l e  1
--- I.......

S c o p e  1 72 X y Z5 o c 3 O c

1 2 3 4 5 6 7

© - © -5<7,< 0

5* 7 , 62

0 0 0 0 ■

© - © 0 < 7 ,« 1 0< x s Id 0
(7,-3) ,î [7 , ( 2 - ,  , * 2 ,  ,1-6 ^ 1, *

1 -6, 31,,-,,) 1 2 ( , , - , j )  %

© - © 1<7, « 1,75 1 7ld<xs l d 0< y< ^ d
1 - 3 , . 2 (?,»7 j!-1-6 , , , 1

© ■ © 1.75 ^d< xî h ^d<y<|h
3 ( , , -  ,2) 121?,

*

© - © 1 ( 7 . 3 , , ) 1 h f h id - ? , ) 1 . 
21

5lVnea) 
14 y>



In compliance with relationships C85 and C9D we shall now write the 
formulae for the coordinates of the vectors of reduced carrying capacity of 

reinforcement r and r to the axes On and Om.• 1 u s2u
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-or A /Cf bhOilu a ft a i cu C33D

= a A [ -CO. 5h-d 3 3/Cf bh*y/D « -n CO. 5-6 :>✓> C343
i t U  t l  8 1  ft C U  H U  1

- o A /Cf bh)s2 u 82 s2 cu
C 35)

m * o A CO. 5h-d }/Cf bh*yD * n CO. 5-6. C36Db 2 u s 2 e 2  2 c u  s 2 u 2

In result from the above that for y>-0.5-6  ̂ we obtain m-lu*"n#lu ane* ^°r

Scope
2-3
f— fed— |

Scope Scope

Fig.6. The distributions of the stresses in the concrete cross-section

3. Interaction diagram

The set in ,m > of the coordinates of the end of the r a d i us-vector
u u

forms, in the plane Onm, a closed line called Interaction diagram. We shall 

obtain the right branch of this diagram when the compressed zone of the 

section adheres to the upper fibre [T] , and the left one - when it adheres 

to the bottom fibre [I] CFig.43. As it is known, the interaction diagram is 

a complete representation of the carrying capacity of the cross-section
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l\ \  6t=0.20,0,15,0.10,0.05

V  = 040 
0,05 

Ç, = 0,0055 
6¡= 0,10 
9í= 0.0110



subject to the bending moment and axial force.

We shall construct an interaction diagram CFig.7a) of a rectangular
cross-section for the assumptions defined in item 2. It has been assumed 
that y/=0. 4 which means that for <5 =0.1, the vector r is inclined towards2 s2u
On at an angle a=n/4. The directions of the vectors r and r at9 1 u a2u
arbitrary values of 6^ and 6  ̂ may easily be plotted by means of the

construction given in Fig. 7c. The effective values of the stresses cr ̂ in 

the reinforcement, depending on 6^ ̂ € CO.05 , 0.10 , 0.15 , 0.20} and on f

Cvertical lines) are presented in Fig 7b. The reduced diagram of 

interaction of concrete <n ,m > is of universal character, independent ofcu cu
the dimensions of the cross-section; it has been calculated acc. to the

formulae of Table 1. It reaches the maximum value m =0.304 for n =-0.487cu cu
at t^=1.75 and y?2 =-1.162 and so within the interval (T) - (5 ) . To

illustrate the effect of reinforcement it has been assumed that f =31(0yd

MPa, f =30 MPa, f =0.85*30/1.5= 17 MPa. 6 =0.05, p =A /b/h=0. 0055;,ck cd 1 » i

6 =0.10, p =A /b/h=0.011.2 2 8 2

Since, Con the basis of C27)) the concrete does not cooperate in thee 

bearing of tensile stresses, for range (T) - (2) the interaction diagram of>f 

concrete is degenerated to point (2c) .Beginning with 7)̂  t="f y ¿/0- 002/E^ , the»e
stresses o in reinforcement A decrease and reach the value o =0 forsr

Si 1 8 t

position (2 *) in-order to reach a : =—f for rj =f ,/0. 0O2/E . In this wa>ay
r  • 8 1  y d 8 1  yd s
is created a band of inefficiency <s> of reinforcement A This is thee 

wider, the greater the value of fyd and 6̂ . The line of the equation ^ ^ = 0  

separates the senses of the vector ral» below it, the component iis

directed in compliance with the axis On, and abowe it - in the opposite.

Fcr the range (2 ) - (?) , the interaction diagram of concrete depends on 

6 . The diagram in Fig. 7a has been calculated at 6^=0. 1, and next the 

percentage relative error A has been determined for 6^-0.05 and ¿2=0. 2C. 

Since it has been found that |A|<2^, it may be accepted that the error is 

comprised witin the limits of tolerance of the diagram.

In the ranges (?) - (5) - (5) there occurs a decrease of the elongations

of the bottom reinforcement Aa2» and beginning with the value

77 =-f /0.002/E this is accompanied by a drop of the stresses; in
92 y d  e

position (?) we obtain <yuZ~Q reach t for 002/E^ * value
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&Blt: In this way a band of inefficiency <£)> of reinforcement A#2 is
created. This is the wider, the greater is the value f^d and the greater is

6 . The line of equation a  =0 separates the senses of vector r : below 2 »2 82
it, the component n#2 is directed in compliace with the axis On, abowe - it 

is opposite.

A consequence of the separation of the plane Onm with half-lines ®

and o »0 is that the beginning of the vector r must rest on the line of02 8 u
interaction of the concrete section in the same subdomain to which belongs

the assigned coordinate Cn,nD determining its end.

The left branch of the interaction diagram may be obtained when the

system of the possible strains of the section, analyzed acc.to Fig. 5, is

reversed in relation to edge fibres. For the section with a horizontal axis

of symmetry, the diagram <n ,m > will be symmetrical to On.cu cu
All the remarks on the intervals will remain valid provided the upper 

reinforcement CA ,©■ ,<5 5 is exchanged for the bottom one CA , o ,<55.8 1 8 1 4 .  8 2 8 2 2

4. Final remarks »

The analysis of the interaction diagram presented, makes it possible to

explain in a graphic way, the role played by the particuar elements of the
0

cross-section Cconcrete, upper and bottom reinforcements) in shaping of the 

carrying capacity of the cross-section. It may be useful for the verifica

tion and comparison of the anaytical assumptions. For example, the compa

rative calculations made for ^au=0- 005 Cwith unchanged remaining values 

assumed in the present paper5 show that the interaction diagram of concrete 

Aq2 differ insignificantly; somewhat greater differences occur in the 

estimation ©f the upper reinforcement A ̂ , but only in a relatively

narrow interval (2 ) - (X). In viev of this, a discussion on the subiect of 

the value of assumed for the calculation of the cross-section carrying 

capacity seems to be insignificant.

Since for all the assumptions made it is always possible to construct 

one, generally valid reduced interaction diagram of the concrete cross- 

section -Cncu»incu^» At is wortwile to carry out a comparative analysis while
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assuming various relationships o-c for the concrete, e. g. rectangular, 

triangular-rectangular, parabolically-rectangular one, acc. to the curves 

CEB ~ FIP C 4, formula C7.15 3, or the later suggestions C 5, formula C2.4.45 3. 

This may have a practical aspect, as with a developed interaction diagram 

of concrete cross-section, the selection of reinforcement takes place in 

the same way, independently of the assumed relationships There is no

doubt that desirable here would be a compliance of the o-e relationships 

assumed for the determination of the internal forces as the result of the 

loads, with those cr-c dependences which are used for the estimation of the 

carrying capacity of the cross-sections.
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VECTOR ANALYSIS OF A REINFORCED CONCRETE CROSS-SECTION
Summary

The resultant of the normal stresses in reiforced concrete cross-section 

has been interpreted as a conjugated couple of vectors CNr ,Mr5 reduced to 

the centre of gravity of the section, composed of the vectors assigned to 

the particular areas of concrete and reinforcing bars. Transforming these 

vectors to dimensionless values it is possible to obtain their sum rR5=nR‘**#*fl 

which is the radius-vector of the interaction diagram. Of practical impor

tance is the opposite problem: at the assigned load CNs ,Ms5, through the

decomposition of r into components pertinent to concrete and steel, it is 

possible to determine the reinforcement area needed.

The general solution has been developed for the assumptions of the 

carrying capacity acc. to CEB-FIP Model Code 1978, assuming paraboli cal1y- 

rectangular diagram of the stresses in concrete. With the assumptions made, 

it has been found that the limit strains in steel c do not show asu

significant efect on the carrying capacity of the whole section.

KEY WORDS
reinforced concrete, 

ultimate limit state, 

carrying capacity, 

vector analysi s , 

interaction diagram.

VEKTOROWA ANALIZA PRZEKROJU ŻELBETOWEGO
Streszczeni e

Wypadkową naprężeń normalnych w przekroju żelbetowym, zinterpretowano 
jako sprowadzoną do środka ciężkości przekroju sprzężoną pare wektorów 
CNr ,Mr5, złożonych z wektorów przyporządkowanych określonym; powierzchniom 
betonu i wkładek zbrojenia. Przekształcając te wektory do wartości bezwy
miarowych, można utworzyć ich sumą rn=nR+mR »która jest promieniem wodzącym 
wykresu interakcji. Praktycznie ważne jest zadanie odwrotne: przy znanym
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obciążeniu CHg ,Ms3 ,poprzez dekompozycja r na składowe przynależne do betonu 
i stali można wyznaczyć potrzebne pole zbrojenia.

Rozwiązanie ogćlne rozwinięto dla założert stanu granicznego nośności 
według CEB-FIP Model Code 1978, przyjmując parabol iczno-prcstokątny wykres 
naprążeń w betonie. Przy tych założeniach okazało się, że odkształcenia 
graniczne w stali c nie wykazują istotnego wpływu na nośność całego prze
kroju.

BEłCTOPHHfł AHAJIK3 *E n E 3 0 E E T 0 H H 0 r0  CEHEHHJł
P e 3 K > r * e

P a B H O / i e H C T B y i n a s  H o p n a j T Ł H b t x  H a n p s u K H H *  b  x e J i e 3 o 6 e T O H H O M  c e s e n i m  H H T e p n p e -

THpyeTes KaK npMBezieHHas k ueHTpy TSucecTH ceMeHHS cBS3aHHas napa BeKTOpoB
CK .M  COCTOSUUMX H 3  B e K T O p O B  T T p w y p O M e H H b D C  K  O n p e / i e J i e H H M M  T IO B e p X H O C T S łM

R R
ó e T O H a  h  o T / x e j i Ł H b i M  c T e p a w a M  a p M a T y p w .  I l p e o 6 p a 3 0 B b ® a s  b g k t o p w  b  6 e 3 p a 3 M e p H b i e  

B e JIMMMHbl M O X H O  C O C T 3 B H T Ł >  K X  C y M M y  rR=nR+mR » KOTOpaS HBJISeTCJI pa^HyCOM Tpa- 
4>HKa M H T e p a K i i M M .  I l p a K T H M e c K M  B a r a o ń  s B J i n e T c s i  o ó p a T H a s  3 a / x a ^ i a :  n p H  H 3 B e c T H o ń

H a r p y 3 K e  C N <_ , M s ), n y T e M  a e K O K t r o  i m u h m  r Ha cocTBjisnomHe, ttphh aua jiexaiane k 

ó e r o H y  m c T a j i H  m o x h o  O T T p e f l e j i H T B  H e o 6 x o i i H M o e  n o n ę  a p M a T y p w .

O ó i a e e  p e u i e H M e  pa3pa6oTaHo a s m  npeziejiŁHoro c o c t o s i h h s  Hecymeft c n o c o Ó H O C T H  

no CEB-FIP Model Code 1978, yMHTHBaa napaóoJiHMecKO-npsiMoyrojfŁHWft rpa<t>MK wa- 
rrpsaceHHH b  óeTone. n p n  3 t h x  n p H H u n n a x  O K a 3 a J i o c b ,  m t o  n p e ą e j i b H a s  ¿ e o o p M a u i H S i  

b  C T a j i H  e H e  0 K a 3 b i B a e T  c y m e c T B e H H o r o  b j i h j i h h h  H a  H e c y i ą y i o  c n o c o Ó H o c T Ł  B c e r o  

ceMeHMS.


