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STRENGTH CALCULATION OF NORMAL SECTION
ECCENTRICALLY COMPRESSED REINFORCED CONCRETE
COLUMN USING DEFORMATION MODEL

Example of calculating normal section strength eccentrically compressed reinforced
concrete column is presented in the work. The author used in the calculation of deformation
models DBN B.2.6 - 98: 2009, which is based on polynomial diagram of concrete which
contains clarified values of coefficients.

Values of coefficients obtained through the introduction of boundary conditions, which
are crucial for the characteristic common points of approximations diagrams physical
condition of concrete. The notion extreme of strength criterion applied in order for getting
limit values of concrete deformation. The case is considered when the concentrated force
applied from eccentricity, which coincides with one symmetry axes of section.

Method of calculating strength of normal section eccentrically compressed reinforced
concrete elements are pressed and can be used in engineering calculations.
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FOpxo 11.A., inscenep
Ilonmascvkuii HayionanbHuti mexHiynui yHieepcumem imeni FOpisi Konopamioxa

PO3PAXYHOK MIINHOCTI HOPMAJIBHOI'O IIEPEPI3Y
INO3AIEHTPOBO CTI/ICHYTQi 3AJII30BETOHHOI KOJIOHU
3A IE®@OPMAININHOIO MOAEJIJIIO

Haseoeno npuxnad po3paxymky MiyHoCcmi HOPMANbHO20 nepepizy Nno3ayeHmposo
CMUCHYymoi 3a1i3006emoHHOI KOIOHU 3 8UKOpUCMaHuaM degopmayitinoi mooeni JJPH B.2.6 -
98:2009 na ocHo8i noaiHoOMianbHOI diacpamu cmavy OemoHy 3 YMOYHEHUMU 3HAYEHHAMU
koegiyienmis. OcmaHHi OMPUMAHO HA OCHOBI 66COCHUX CPAHUYHUX YMO8, KOMpPI €
BUBHAYATILHUMU 015 XAPAKMEPHUX CRITbHUX MOYOK anpokcumayiu diazpam QisuuHo2o cmauy
bemony. [[na omMpumanHa SpAHUYHUX 3HAYEHb O0eQOPMYBAHHA OEMOHY 3ACMOCOBAHO
NOHAMMSA eKCMpemManibHo2o Kpumepilo miynocmi. Pos2enanymo eunaook, Koau 30cepeodrceHa
CUNA NPUKTIAOEHA 3 eKCYEHMPUCUNEMOM, WO 30ieacmbcsl 3 00HIEI0 3 ocell cuMempii nepepizy.

Haseoena memoouka pospaxyHKy MIYHOCMI HOPMANbHO20 nepepisy No3ayeHmpo8o
CMUCHYMO20  3aNI300€MOHHO20 eleMEeHMA MOJCe BUKOPUCOBYBAMUCA 8 THIHCEHEPHUX
DPO3PAXYHKAX.

Knwuosi cnoea: miynicms, nozayeHmpouil  CMUCK, KOJIOHA,  3ali300€moH,
eKcmpemanvHuli Kpumepit, diazpama cmawny 6emomy.
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Introduction. There many concrete and reinforced concrete elements (RCE) work in
conditions of eccentric compression. Factors of constructive, technological or operational are
cause of its origin. Often the need arise in presence of engineering method. It is necessary to
perform calculations of elements in the design stage of new buildings or renovation of
existing buildings.

Designed and existing in practice methods for calculating strength or are cumbersome,
or too simplistic. The first method requires of iterative approach in solving problems of
strength and the second methods lead to inaccuracies of load capacity. Improved method of
calculation is suggested to address these disadvantages. This method is based on nonlinear
deformation model that is described in DBN B.2.6 - 98: 2009 [1].

Review of recent sources of research and publications. There many works devoted to
calculation of compressed strength concrete elements. Works could be divided into those
relating to calculation of strength in eccentric compression [2 — 11], and those relating to
proposals to improve calculation [2, 7]. The strength of normal section in state of limiting
equilibrium is invited to find with calculated deformation model (DM) [2]. It is based on use
of full diagrams of state materials.

In some works are encouraged to use the notion of extreme strength criterion.
This criterion can be obtained empirically [3] or experimentally DBN B.2.6-98:2009 [1].

Parts of the common problems that earlier unsolved. Norms [1]in calculations of
strength suggest use of fractional - rational or polynomial functions of the fifth degree to
display connection between os-&; of compressed zone concrete. The main problem is that
calculation of strength of using these approximations gives different results. The values obtai-
ned harmonized coefficients [7] propose to take in a polynomial function of the fifth degree.

Problem statement. Calculation of reinforced concrete element (RCE) strength in
normal section using full state diagrams of materials under eccentric compression should be
developed.

Comparison calculation of strength of normal section of RCE eccentric compression
(for example, calculating column strength) is the aim of the work. Functions of a polynomial
of fifth degrees which are based on harmonized coefficients, and which are given in [7] and
DBN B.2.6-98: 2009 would be used for the calculation.

Main material and results. Is given for calculation: column rectangular with sizes
b = 300 mm, 2 = 300 mm; concrete class C20/ 5 (f., = 14,5 MPa, E.; = 23,0 GPa,
&c1,cd = =1,65%0); reinforcement A400C (f,; = 364 MPa), it is located symmetrically at a depth
from brink of a = 30 mm, area of reinforcement bars of 4, = A ; = 402 mmz, eccentricity of
load application Ey = 60 mm. The amount of force N, which will be able to perceive a cross-
section of column without flexibility, is to be calculated.

Calculated scheme forces and stresses in the normal section of reinforced concrete
column are shown in Fig. 1. Equations of limit equilibrium according to data in Pic. 1:

>X=0; N-—f.-b-X-w0—(A E 7, e,(X-a )/X)+f.A =0, 1)

Al -E n, -€,.(X—-a)
X
where N;, N§, N. — resultant of stresses, respectively, in the tension reinforcement, in
compressed reinforcement A §, and in compression zone of concrete;

YM,=0; Noe—f.-b- X -0(d-X+y,)- (d-a/ )=0, 2

en. =(d=X+yy.), 3)
e=e+hl/2-a, “)
e, =(d -a); (5)

— respectively, distance of forces N., N i N up to a point O.
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Picture 1 — Scheme of the stress-strain state
of reinforced concrete column for the case X < h

Limiting level of deformation 7, the most compressed fiber of concrete as part of
reinforced concrete element using A; [2], we will determine a formula

A=E, -gcl/fcd =23-10° -1,65-10_3/14,5 =2.617, (6)
than
n, =—O,024A12 +0,1894, +0,986=1,418 . @)

Substituting values obtained are of formulas (6) and (7) into formulas for calculating all
the other coefficients [7]. Obtained values of 4,...45 were accommodated in Table 1.

Table 1 — Values of harmonized coefficients for concrete C20 /25

Coefficients A4;...As for [9]
A; A A3 Ay As
2,617 2,411 0,952 -0,137 -0,02

Next we are going to find additional coefficients to calculate value of coefficients
A 1...A51

nu (3A1 +2A277u +1’5A’§77142 +1’ 2A 4773 +A5 :)

w= =0,787, 8
6 ®)

144, +10,54,n 248,44 773+7A 774+6,45775
Q= ! 2l Y5 I 4 © =0,459, 9)

where w — coefficient of stress diagram fullness in compression zone of concrete;

@w — relative value of distance from neutral line up to a point application of
force N, (Pic. 1).

Value of stress in compressed reinforcement in formulas of coefficients limited by
condition

fvd 2 Es”mgcl : (10)
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Value of 7, = 1,255 is obtained for satisfaction of condition (10), and deformation in a
compressed reinforcement are equal to

&’y = N €1 (1—251/ x) = 1,255:0,0165-(1-(30/250,27))=1,825-10". 11

Determine height of compressed zone X

3 2 2 3 4 2
L 2&(—3p1+k1)+23%/6+2k B 232 (-3-1,481-10* +215,57 )
_1 Y
6 Ja 6 32.88-10%
2
+23.3/2,88-10% +2-215,5=247,8 mn, (12)

Where

Cy =33\ 27d? +4d)k —18dky py — kP p? +4p} +27dy +2k 9%k p; = 2.88-108

w(h-2
ki = olh=20) 555,

2(w-9)

[Aslfyk (zas1+260 _h)+As2Es77u€c1 (2eO_h+2d)} 4
pL= =1,481-10",

2bfeq (@ 9)
2

ASZEsﬂugcl (2h0 + 260]’10 - asl) 6

dy = =5,656-10".
2Wfeq (0—9)
Equations (8 — 9, 12) were obtained using next formula:
Yy = X0l =247,8-0,459/0,787 =144,33, (13)

yne — distance from neutral line to volume of resultant stress diagram in compression
zone of concrete.
Next we are going to define strength of column cross-section:

N A hata +h)—bf,y X (h+ X —(@X | @)+ AL Eg -1, €,1-(d 1 X)=1)-(h+d)

! eg—(3-h)/2
_ —402:364(30+300) —0,787-300-14,5-247,8(300+ 247,8 - (0,459-247.8/0,787))
-390
. 402:200000-1,255-0, 00162(9(370 /247,8)=DB00+270) _ o 4 orr (14)

Calculation results of strength values in cross-section of reinforced concrete column
according to norms of DBN B.2.6 - 98: 2009 [1] are given in Table 2.
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Table 2 — Results of calculations of normal section strength
of reinforced concrete column according to norms of DBN V.2.6-98: 2009
(using a fractional - rational function)

n Eels Ec2, Esl €¢2, X, Mmm Nu((MN)
0,104 0,000172 | -2,1E-05 0,000153 1,72E-06 | 267,9 0,178
0,208 0,000344 | -3,8E-05 0,000306 | 3,44E-06 | 270,3 0,332
0,313 0,000516 | -6,2E-05 0,000459 | -1E-06 2679 0,460
0,417 0,000688 | -8,9E-05 0,000611 -8,6E-06 265,5 0,567
0,521 0,00086 -0,00012 0,000762 | -1,9E-05 263,2 0,658
0,625 0,001032 | -0,00015 0,000914 | -3,3E-05 260,9 0,734
0,730 0,001204 | -0,00019 0,001065 | -4,7E-05 259,3 0,799
0,834 0,001376 | -0,00023 0,001216 | -6,4E-05 257,5 0,854
0,938 0,001548 | -0,00027 0,001367 | -8,4E-05 255,7 0,899
1,042 0,00172 -0,00031 0,001517 | -0,00011 253,8 0,935
1,147 0,001892 | -0,00035 0,001668 | -0,00013 2527 0,968
1,251 0,002064 | -0,00041 0,001817 | -0,00016 250,3 0,983
1,355 0,002236 | -0,00047 0,001966 | -0,00019 248,1 0,988

Also, values of strength and stress-strain state in normal section of reinforced concrete
column were obtained. Values were obtained for each stage of calculation until limit

equilibrium. Calculation results are shown in Table 3.

Table 3 — Calculations results of normal section strength

of reinforced concrete column using coefficients [1]

n &l &c2, Esls €52, X, mm N,((MN)
0,104 0,000172 -2,1E-05 0,000153 1,72E-06 2679 0,177
0,208 0,000344 -3,8E-05 0,000306 3,44E-06 270,3 0,331
0,313 0,000516 -6,2E-05 0,000459 -1E-06 267,9 0,458
0,417 0,000688 -8,9E-05 0,000611 -8,6E-06 265.5 0,565
0,521 0,00086 -0,00012 0,000762 -1,9E-05 2632 0,655
0,625 0,001032 -0,00015 0,000914 -3,3E-05 260,9 0,730
0,730 0,001204 -0,00019 0,001065 -5E-05 258,6 0,793
0,834 0,001376 -0,00023 0,001215 -7E-05 256,4 0,845
0,938 0,001548 -0,00028 0,001366 -9E-05 254,7 0,890
1,042 0,00172 -0,00032 0,001516 -0,00011 253,0 0,926
1,147 0,001892 -0,00036 0,001667 -0,00014 251,5 0,957
1,251 0,002064 -0,00043 0,001815 -0,00017 248.,6 0,964
1,355 0,002236 -0,00049 0,001964 -0,00021 246,2 0,967

Conclusions. The values of compressive strength of concrete columns were calculated
and compared to with algorithm of author and DBN B.2.6 - 98: 2009. Discrepancy between
calculations of strength was 1,5%.

Absolute convergence between the values of parameters with using of a fractional -
rational and polynomial of fifth degree was achieved through the use of harmonized
coefficients [7]. Good convergence of strength values, which calculated the dependence (14),
was obtained. Proposed calculation method might be recommended for use in practice of
engineering calculation.
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