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Abstract. Reinforced concrete structures, when properly maintained, are reliable
and retain their original (design) characteristics throughout the entire life of the building.
Even after dismantling, they can be reused, provided that their load-bearing capacity has
been verified beforehand. The load-bearing capacity of existing building structures must
also be determined during the reconstruction of buildings and structures, their
superstructure, changes in the structural design, increases in payload due to the
modernization of technological processes, changes in the purpose of the facility, for quality
control of the completed building structure, etc.

The aim of the study is to develop an algorithm for calculating the load-bearing
capacity of reinforced concrete columns operating with random eccentricities, based on a
deformation model.
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Reinforced concrete columns are considered as eccentrically compressed elements
with random or calculated eccentricities, operating according to the first or second form
of equilibrium.

The paper presents cross-section diagrams, deformation distribution, stress
diagrams, and formulas for determining the load-bearing capacity of reinforced concrete
columns under various possible conditions of compressive force application and
corresponding deformations in the cross-sections of eccentrically compressed elements.
An algorithm has been developed for calculating the stability of reinforced concrete
columns operating with random eccentricities. All initial data are obtained as a result of
instrumental inspection of existing structures, using normative literature. The load-
bearing capacity of the reinforced concrete column on the first floor of a public building
scheduled for reconstruction with the addition of a third floor was determined using a
specially developed algorithm. This value is compared with the calculated compressive
load according to the reconstruction project, and a conclusion is made about the adequacy
of the load-bearing capacity or the need to reinforce the column.

Keywords: load-bearing capacity, non-destructive testing, calculation,
compression, reinforced concrete column, equilibrium form.

Introduction

Reinforced concrete is a very durable material due to its strength, surface
hardness, high density, weather resistance, biological resistance, water resistance,
frost resistance, etc. Under proper operating conditions, reinforced concrete
structures are reliable and retain their initial (design) characteristics throughout
the entire life of the building.

When, due to various circumstances, it becomes necessary to dismantle
the entire building or part of it, a project is developed according to which the
existing reinforced concrete structures are to be dismantled, stored and possibly
reused in new design solutions.

Before reuse, it is necessary to inspect the dismantled structure, take
measurements, identify all existing defects, determine the strength of the
concrete, the quantity and strength of the existing working reinforcement using
instrumental research methods, and, as a result, determine the load-bearing
capacity of the dismantled reinforced concrete structure.

The load-bearing capacity of existing building structures must also be
determined during the reconstruction of buildings and structures, their
superstructure, changes in the structural design, increases in payload due to the
modernisation of technological processes, changes in the purpose of the facility,
for quality control of the completed building structure, etc.

The aim of the study: determination of the stability of reinforced concrete
columns.

Research objectives: develop an algorithm for calculating the stability of
reinforced concrete columns operating with random eccentricities.

Research methodology. The calculation of the stability of reinforced
concrete structures is based on a deformation model. Reinforced concrete
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columns are considered as eccentrically compressed elements with random or
calculated eccentricities, operating according to the first or second form of

equilibrium.
When using a simplified concrete deformation diagram, two forms of

cross-section equilibrium are considered:
- the first form of equilibrium (Figs. 1, 2, 3) is observed when the entire cross-

section is compressed and the conditional height of the compressed zone x
exceeds the height of the cross-section h;
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Fig. 1. The first form of equilibrium of a compressed element, general case

- the second form of equilibrium (Figs. 4, 5) is characteristic of cases where part
of the cross-section of the element is compressed and the other part is stretched,
i.e., the height of the compressed zone X is less than the height of the cross-section

h.
Let us consider the deformation model (Fig. 1). Deformations in concrete
.. . &
are distributed proportionally: Ews _ be@ , where y_p_ fas .
X X— h gcu,3 - 80(2)

Deformations .2 = &.,3 (1 — eo / r). The greatest stress in concrete is in the more
compressed zone oy = &a3 Eca = fea . The least stress in concrete in the less
X— h

compressed zone: oy = &2 B = f gy ——
X X'

Deformations in the reinforcement of the more compressed zone (Fig. 1)
. & £ X—a R
from the proportion Z%2 — 5@ where £y —M. Stress in this

X x-—a X
reinforcement oy = &Es. Deformations in the reinforcement of the less
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gcu,S gs(Z)

X Xx—d

compressed zone (Fig. 1) with a ratio of: where

£,.(x—d o
) = M Stress in this reinforcement o) = &)Es.
X

When all internal forces are projected onto the axis of the element, the
load-bearing capacity can be determined from the equilibrium condition (Fig. 1):

N =0, A + fcdb{x'+0,5(h—x’)(1+—x_h'ﬂ+as(z)As.
X— X
Ay

= f“ o,
| L fedl
N
< ol
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Fig. 2. The first form of equilibrium of a compressed element,
a special case under the condition eo = r

Under the condition ep = r the deformation in the reinforcement of the

. . . &
more compressed zone (Fig. 2) is proportional to %:hSi where
—-a

&, ,(h=-a' . . .
£ = M . Stress in this reinforcement oyq) = &@Es = fya.
s(1) h

Deformations in the reinforcement of the less compressed zone (Fig. 2) with a

. & &, 58 S
ratio of @=ﬁ, where Ea) = CUHS . Stress in this reinforcement oz =
a
&(2)Es.
Given the strength relative to the axis passing through the centre of gravity
of the stretched reinforcement, the holding capacity will be:

, , h+x' h+x'
N=|f,A(d-a)+f,b > (d— 1 ﬂ/e
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Provided that &.; < &.2 < &3 (Fig. 3), the bearing capacity of the
compressed element is determined by the strength condition relative to the axis
passing through the centre of gravity of the tensioned reinforcement:

N =[ f,A(d-a)+f,bh(0,5n-a)]/e.
When all internal forces are projected onto the axis of the element, the

compressive force can also be determined from the equilibrium condition (Fig.
3):

N =f A +fbh+f A
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Fig. 3. The first form of equilibrium of a compressed element, a special case
when &3 < &2 < &u,3

If an eccentrically compressed reinforced concrete element operates with
significant eccentricities, then a second form of equilibrium is observed, and the
stresses in the compressed concrete can be distributed according to a bilinear
diagram (Fig. 4) or a rectangular diagram (Fig. 5).
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Fig. 4. The second form of equilibrium of a compressed element with stress
distribution in concrete according to a two-line diagram

At the limit state (Fig. 4), the height of the compressed part of the cross-

gcu,S _ cC"c,3

section is x = xg = &d. According to the deformation model , Where
X X=X
€3~ &, Eyr—E&
3 3 3 3 . .
X'=X—"—== =X, —=——=_ The stresses in the reinforcement of the
gcu,S gcu,3

compressed zone reach their limit value oy1) = &)Es = fya.
From the condition of strength relative to the axis passing through the
centre of gravity of the stretched reinforcement, the holding capacity:

N ={fydﬁg(d—a’)+ f ble X (d—XRH ﬂ/e

2 4

If the stress diagram in concrete is considered rectangular (Fig. 5), then
based on the condition of cross-sectional strength relative to the axis passing
through the centre of gravity of the tensioned reinforcement, the holding capacity
will be:

N =[ f, A(d-a)+ fbax, (d-0,51x,)]/e.

f cd

FraAs

°
v

Oy24s

Fig. 5. The second form of equilibrium of a compressed element with stress
distribution in concrete according to a rectangular diagram

Results and discussion
The scientific research construction laboratory of LNTU, which operates
within the Department of Building and Civil Engineering, provides qualified
services for the inspection of building structures and structures. The laboratory
specialists measure structures, examine them using non-destructive testing
methods, determine the strength of concrete, the presence of reinforcement, its
diameter, strength, and the protective layer of concrete. Fig. 6 shows photographs
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of some inspections of reinforced concrete columns.

, 4 8
Fig. 6. Instrumental examination of columns

Based on the results of instrumental studies, the load-bearing capacity of
columns is calculated and conclusions are drawn (confirmation of the declared
quality of the structure, the possibility of further operation or reuse of
dismantled elements, etc.).

The load-bearing capacity of existing reinforced concrete columns with
a square cross-section, which are designed to operate with random
eccentricities, is calculated using the following algorithm:

Initial data: dimensions of the structure b, h, I, mm, (based on measurement results);
concrete strength fecg (determined using a Schmidt hammer, BETON PRO
CONDTROL device or other) and concrete class C; protective layer of concrete, mm;
diameter, number of working reinforcement bars and their strength fyq set using the

POISK-M device); reinforcement area As, Al mm?, (according to the assortment);

concrete deformation &3, &3 (from normative literature, depending on the concrete
class C)

1 Calculate the actual value a@,a’ taking into account the diameter of the
longitudinal reinforcement and the protective layer of concrete

2 Determine the working height of the cross-section d=h-a

Determine the random eccentricity e; >max ¢ h/30; 1/ 600, 10mm}

4 Determine the distance from the central axis of the cross-section to the core
point r=Wred/Areda =h/6

5 | Determine concrete deformations &.2 = &3 (1 —eo/ 1)

6 Determine the nominal height of the compressed zone of concrete

X = h gcu,S
& SC’Z

cu3

w

7 | Check if the condition is met &.3 < &.2 < &3 (Fig. 3)

8 Calculate the eccentricity of the compressive force N relative to the axis passing
through the centre of gravity of the reinforcement S: e = (0,5h —a)+ej

9 Determine the moment that perceives the cross-section of the column relative to
the axis passing through the centre of gravity of the reinforcement S
M,=Ne=f,A4/(d-a")+ f,,bh(0,5h—a)

10 | Calculate the value of the compressive force N =M, /e
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11 | Determine the moment that perceives the cross-section of the column relative to
the axis passing through the centre of gravity of the reinforcement ¢

My, =N(d~e)=f,,4,(d-a)+ f,,bh(0,5h-a’)
12 | Calculate the value of the compressive force N = M,1/(d—e)

13 | From the two values of N obtained in points 10 and 12, select the smaller one.
This value corresponds to the load-bearing capacity of the column

Conclusions

The load-bearing capacity of the reinforced concrete column on the first
floor of a public building scheduled for reconstruction with the addition of a third
floor was determined using the above algorithm. The column cross-section
dimensions are 300300 mm, height 3.0 m, concrete strength 13.71 MPa, as
determined by the BETON PRO CONDTROL device, which corresponds to
concrete class C16/20 with a design strength value of f.g = 11.5 MPa. According
to DBN, the deformation of C16/20 concrete is &3 = 0.00058; &.,; = 0.00323.
Reinforcement of cross-section 4214A400C, protective layer 25 mm, detected by
POISK-M device. Calculated strength of reinforcement 365 MPa. Cross-sectional
area As = Al = 307,7 mm?, determined by the assortment. Based on the known

reinforcementa = @' = 25 + 14/2 = 32 mm is established. Working height d = 300
—32 =268 mm; e; = 10 mm; r =50 mm; &, = 0,00258; x = 1490,8 mm; condition
&3 < &2 < &3 1S Satisfied; e =128 mm; M, = 148,6 kNm; N =1161,2 kN; M,; =
148,6 kNm; N = 1061,7 kN. Therefore, the bearing capacity of the inspected
columnis 1061.7 kKN. This value is compared with the calculated compressive load
according to the reconstruction project, and a conclusion is made about the
adequacy of the bearing capacity or the need to reinforce the column.
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Anomayin. 3anizobemonni KoHCmMpyKyii, 3a yMO8 HANENCHOI eKcniyamayii,
HaoitiHi i 30epicaromyb c80i NOUAMKOSI (NPOEKMHI) XAPAKMEPUCTNUKY NPOMALOM YCbO2O
mepMminy icHysanus Oyoieni. Hasimv nicis 0eMOHMANCY IX MOXNCHA SUKOPUCTIO8YEAMU
NOBMOPHO, BCMAHOBUBUIU NONEPEOHbO IX MpuUmMKy 30ammuicmoe. Busnauamu mpumxy
30amMHICMb  ICHYIOUUX OYOIBeIbHUX KOHCMPYKYIL 00800umbCsi | Npu PeKOHCMPYKYIl
6ydisenv ma cnopyo, ix Hao6y008i, 3MiHi KOHCMPYKMUGHOIL cXeMU, 30ITbUEHH] KOPUCHO20
HABAHMANCEHHST 6HACTIOOK MOOEPHI3ayii MexHOIOSIYHUX NPoYecis, 3MiHU NPUSHAYEHHS
00’ exkmy, 01 KOHMPORIO AKOCMI BUKOHAHOT OY0igebHOI KOHCMPYKYIT mowyo.

3ae0annam  00CniOdxHceHHs € po3poOKA  ancopummy pPO3PAXYHKY —MPUMKOT
30amnocmi  3ani306eMOHHUX ~ KOJIOH, wo  npayiolomvs 3 GUNAOKOBUMU
EKCYEHMPUCUMEMAMU, 8 OCHOBY K020 NOKIAOEHA 0eqhopMayitina Mooelsb.

3anizobemonni KoOHU pO32NA0AIOMb AK NO3AYEHMPOBO CIMUCHYMI eneMenmu 3
BUNAOKOBUMU AOO PO3PAXYHKOBUMU eKCYEHMPUCUMEMAMU, WO Npayloms 3a nepuiorn
abo 3a opyeo0io opmoro pignosazu.

VY pobomi nasedeno cxemu nepepizis, po3noodin degpopmayiti, entopu HanpyHceHs,
Gopmynu Ona eusHauenns mMpuMKoi 30amuocmi 3ani300emMOHHUX KOJOH 34  PI3HUX
MOJNCIUBUX  YMO8 NPUKIAOAHHSA CMUCKYBATbHOL cuiu i i0nogionux oJegopmayit y
nepepizax nosayenmposo cmucuymux enemenmis. Cxaadeno anzopumm Ons po3paxyKy
mpumKoi  30amHOCmi  3a1i300€MOHHUX ~ KOJOH, WO Npayioms 3 GUNAOKOSUMU
excyenmpucumemamu. Yci 6uxioni 0ani ompumyoms 6 pe3yibmami iHCmpymMeHmaibHO20
obcmedicen s ICHYIOUUX KOHCMPYKYILl, 3 6UKOPUCMANHAM HOPMAMUBHOL timepamypu. 3a
CKNAOEHUM AN2OPUMMOM BCMAHOBIEHO Hecydy 30amHicmb 3ani300emoHHOl  KONOHU
Nnepuioco nogepxy 2pomMadcvkoi 0y0ieii, 3aniaHo8anoi 00 peKOHCMPYKYii 3 006y006010
mpemvoco nogepxy. ILle 3uauenns nopiemiolOme 3 BEIUYUHOIO PO3PAXYHKOBOO
CIMUCKYI0H020 HABAHMAICEHHS 32I0HO NPOEKMY PeKOHCMPYKYIT i poOaamb 8UCHOBOK NPo
docmamuicms mpumKoi 30amuocmi abo npo HeoOXiOHiCMb NIOCUNEHHS KOIOHU.

Knioyosi cnosa: mpumka 30amuicme, HepYUHIGHUN KOHMPOIb, DPO3PAXYHOK,
cmuck, 3a1i300emonna Koiona, hopma pienogazu
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