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CALCULATION OF REINFORCED -CONCRETE FRAME FOR
STABILITY UNDER THE ACTION OF AGGRESSIVE
ENVIRONMENT

V. Fominl, I. Fomina'
'Odessa State Academy of Civil Engineering and Architecture

Abstract. The stability of a double-span reinforced concrete frame depends on many factors,
including the geometry of the frame, the characteristics of the materials, the loads it must withstand,
and the operating conditions. One of the main factors that affect the stability of the frame is its shape.
The optimal shape of the frame should be such that it can effectively distribute the loads it must
withstand and minimize stresses in the materials. Another factor is the quality of the materials used to
build the frame. Reinforced concrete is a durable material, but its strength can vary greatly depending
on the quality of the concrete and reinforcement used in the structure.

The load that the frame must withstand is also an important factor. Frames can be subject to loads
from wind, snow, traffic, people, and other sources, and they must be designed to withstand all of
these loads. In addition, operating conditions can affect the stability of the frame.

For example, frames located in areas where earthquakes occur frequently should be designed and
built with this factor in mind. In general, the stability of a double-span reinforced concrete frame
depends on many factors, and its design and construction must be carefully thought out and executed
by professionals taking into account all these factors.

The stability of frames (such as metal frames) under environmental influences can depend on
various factors, including material, surface treatment and operating conditions. The environment may
include moisture, corrosives, temperature changes and wear, which can affect the stability of frames.
Some materials, such as stainless steel, aluminum or alloys, have natural resistance to oxidation and
corrosion, which ensures their long service life in various environments. Other materials, such as
ordinary steel, may be more susceptible to corrosion, and therefore require protective coatings, such as
painting or electroplating, to maintain their stability. Additionally, if frames are used in high humidity
environments, measures can be taken to prevent icing or condensation, such as well-designed drainage
or ventilation systems. In addition, frames can be subjected to endurance and stability tests according
to established norms and standards, which are based on the specific production of frames. At the same
time, in order to ensure the stability of the frames for the activity of the northern environment, it is
important to obirate the foreign material.

Keywords: reinforce concrete, corrosion, stability, method of limit elements, method of finite
elements, frame, delivery and arrangement.

PO3PAXYHOK 3AJII3OBETOHHOI PAMU HA CTIUKICTD I
JNIIEI0 ATPECUBHOI'O CEPEJIOBUIIIA

®owmin B. M.!, ®omina L. L.

I . .
Oodecvka Oepoicasna akademis OYIGHUYMBA MA APXIMEKMypu

Amnoranisi. CTIfiKICTh IBONPOTrOHOBOI 3a1i300€TOHHOI paMH 3aJIeXKHUTh BiJ 0araTthox (hakTopiB,
BKIIIOYAIOYM TEOMETPII0 paMH, XapaKTePUCTUKH MaTrepialliB, HAaBAaHTAXKEHHS, SKi BOHA TOBHHHA
BUTPUMYBATH, 1 YMOBHU €KCILTyaTaLlii.

OaHuM 13 OCHOBHHX (haKTOpIB, IO BIUIMBAIOTh Ha CTIMKICTH pamu, € 1 ¢opma. OnTumaibHa
¢opMa pamMu MOBMHHA OyTH TaKOK, MO0 BOHA MOTJa €(PEKTHBHO PO3MOJUIATA HaBaHTAXKCHHS, SKi
BOHA IOBUHHA BUTPUMYBATH, 1 MiHIMi3yBaTH HaIIPy>KEHHS B MaTepiajax.
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[HIIMM  dakTOpoM € SKICTh MaTepiamiB, IO BHUKOPHCTOBYIOTbCA JJsl OYIIBHHLTBA PaMU.
3ami300e-TOH € MILIHUM MaTepiajoM, ajie Horo MIIHICTh MOKE CHIIBHO BapilOBAaTUCS B 3aJIC)KHOCTI BiJ
SIKOCT1 OETOHY 1 apMaTypH, 1[0 BUKOPUCTOBYIOTHCSI B KOHCTPYKITIi.

HapanraxeHHs, sike Mae BUTPUMYBATH paMa, TAKOXK € BAKIMBUM (akTopoM. Pamu MOXyTh Oy-
TH CXWJIBHI 10 HABaHTAXXCHB Bifl BITPY, CHIT'Y, TPAHCIIOPTY, JIIOJEH Ta iHIIMX JKEPe, i BOHU MO-BHHHI
OyTH CIIPOEKTOBaHI TAKUM YHHOM, 1100 BUTPUMYBATH BCI 11l HABAHTAYKCHHS.

Kpim TOrO, YMOBHM eKcInTyaramii MOXYTh BIUIMHYTH Ha CTIHKICTh pamu. Hampukiazn, pamu,
poO3Ta-1oBaHi Ha MICLEBOCTI, JI¢ 4acTO BigOyBalOTHCS 3E€MIIETPYCH, MalOTh OYTH CIIPOEKTOBaHI Ta
no0y-10BaHi 3 ypaxyBaHHSIM L[bOTO (aKkTopa.

B 1iiomMy, CTIHKICTh JBOMPOrOHOBOT 3a/11300€TOHHOT paMH 3aJICKUTh Bill 0arathox (hakTopis, 1 ii
NPOCKTYBaHHS Ta OYIiBHHULITBO MOBHHHI OyTH peTeNbHO MpOIyMaHi Ta BUKOHaHI mpodecioHanaMu 3
ypaxyBaHHSM YCiX IHUX (QaKTopiB.

CriiikicTs paM (SK, HAIPUKIIAI, METAJICBUX paM) Il Ti€I0 HABKOJIHWIIHBOTO CEPEIOBHINA MOXKE
3a/IeXKaTh Bi Pi3HUX (aKTOPiB, BKIIOUAIOYM MaTepiaji, 0OpoOKy MOBEPXHI Ta YMOBU CKCILTyaTallii.
HaBkonuiHe cepegoBuile MOKe BKIIOUATH B ce0€ BOJIOTY, arpeCUBHI pEUOBHHH, TEMIIEPATYPHI 3MiHU
1 3HOLTYBaHHS, SIKi MOXKYTb BIUIMBAaTH Ha CTIHKICTb pam.

Jlesiki Martepianu, HaNpHKIa[, HEp)KaBiloua CTajb, alOMIHIM a00 CIUIaBH, MalTh HPUPOIHY
CTIMKICTh JI0 OKWCJICHHS Ta KOpPO3ii, mo 3abe3mneuye iX TpUBaIUil TEpMiH CIIy’)kOU B pi3HUX Cepero-
BuIax. [HI marepiany, Taki K 3BMYaiiHa CTalb, MOXYTb OyTH OUNBII CXMIBHI 0 KOPO3ii, i TOMY
BHMAararTh 3aXUCHUX IOKPUTTIB, TaKKX K (hapOyBaHHs a00 rajibBaHIuHE ITOKPHUTTS, IJIs 30€pe-KEHHS
ix crilfikocTi.

JloaaTkoBO, SKIIO PaMU BUKOPUCTOBYIOTHCSI B CEPEIOBHII 3 BUCOKOIO BOJIOTICTIO, MOXKYTh OYTH
BIXKHUTI 3aXO0/H JJIs 3ar00iraHHs 3ajieICHIHHIO a00 YTBOPEHHIO KOHACHCATY, TaKl sIK 100pe po3po0-jeHi
CHCTEMH JpeHaXy a00 BEHTHIIAII.

Kpim Toro, pamm MoxyTh OyTH migAaHi BHIPOOYBaHHSAM Ha BUTPUBAIICTb Ta CTIHKICTh
BiJITIOBI/THO JTO BCTAHOBJICHUX HOPM 1 CTAHIAPTIB, Ki 3aJIe)KaTh BiJl KOHKPETHOT'O 3aCTOCYBaHHS paMm.

Y 3araJlbHOMY BHUIIAIKy, JUIsI 3a0€3MEeUeHHs CTIMKOCTI paM TiJ €0 HaBKOJHITHBOTO
CEPEeIOBHINA, BAYKIIMBO OOMPATH BIAMOBITHHUIA MaTepiall.

Karouosi ciioBa: )KCJ'IG306CTOH, KOppo3us, yCTOﬁqHBOCTL, MCTOJ I'PaHUYHBIX 3JICMCHTOB, MCTO/]
KOHCYHBIX 3JIECMCHTOB, paMa, 3JaHUA U COOPYKCHU.
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1 INTRODUCTION

In the process of operation, buildings and structures are affected by the external
environment for a long time and, as an example, corrosion. This greatly complicates the
durability and function-ality of objects.

2 ANALYSIS OF LITERARY DATA AND PROBLEM STATEMENT

The methodology for calculating the stability of reinforced concrete structures, including
a twospan reinforced concrete frame, is determined by regulatory documents and standards of
the construction industry in accordance with safety requirements [1-5]. One of the most
common methods for calculating the stability of reinforced concrete structures is the Finite
Element Method (FEM), which allows you to carry out complex calculations for the strength
and stability of structures, taking into account all the necessary factors. To calculate the
stability of reinforced concrete structures, including a double-span reinforced concrete frame,
it is necessary to take into account factors such as the shape and geometry of the structure, the
materials from which it is made, the loads it must withstand, and the operating conditions.

The following factors must also be taken into account in stability calculations:
Compressed and flexural stresses caused by loads; Stresses caused by bending moment and
longitudinal force; Various types of loads, such as static, dynamic and fatigue. The influence
of temperature, wind and other factors on the structure [6-8]. Calculations for the stability of
reinforced concrete structures can be carried out both manually, using mathematical formulas
and tables, and using specialized software tools based on the finite element method. However,
to ensure the safety of the structure, such calcu-lations must be performed by professional
engineers who have the necessary qualifications [9-12].

3 PURPOSE AND OBJECTIVES OF THE RESEARCH

In this article, the stability of a two-span reinforced concrete frame under aggressive
environmental conditions is investigated.

4 RESEARCH RESULTS

The frame is part of the structure of a single-story industrial building (Fig. 1). The
corrosive environment is located inside the building, so the side columns of the frame are
exposed to asymmetrical environmental influences.

P P, P

Fig. 1. Double-span frame

To determine the critical combination of loads B, P, and P, we will use the method of
boundary elements [1]. On each of the rods, a local coordinate system is selected (Fig. 2, rod
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equality:
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(1

Fig. 2. Forces acting on the frame

)

(i —rod number, B,(x,) — its flexural rigidity, M,(x,), O,, N, —bending moment, transverse
and longitudinal forces). If the cross-section of the rod and reinforcement remain unchanged
along its length, then the functions a : (x) (j=L2,3; k=2, 3, 4) have the following form:
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Fig. 3. Breaking the rod into parts
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sink.x, 1—cosk.x —sink.x.
al,z(kiaxi): —, a1,3( X)_—, a1,4( X)_—,
i ki ki
N (3)
ay,(k;,x,) =coskyx,, a,,(k,x)=—ksinkx, k= El

In Fig. 2 points 4, B and C show the two components of the support reaction and the
reactive moment. They are presented in the form of longitudinal and transverse forces and
bending moment in the lower section of rods 1, 2 and 3 (the drawing shows their positive
directions). Following [1] we build matrices 4™ and 4 for rods 1 and 5. To construct the
matrix 4%, we do the same. We divide the rod 3 into several sections, within each of which
the cross-section will be considered constant (Fig. 3). Each of the sections, as well as its
length and width, received double numbering. The first of the numbers is the rod number and
the second is the parcel number.
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Fig. 4. Cross-section of the site
The cross-section of each of the sections is shown in Fig. 4. Considering the conditions

of continuity of functions y,(x,) and y,'(x,) on the boundaries of the parcels, you can write
the following ratio:

X _ cGhy G (4)
Where is
B, ., /By;, 0 0 0 0]
0 B,,/B,; 000
Cct = 0 0 1 00
0 0 010
0 0 0 01

For the first section we have:

Y(3’1) _ A(3,1) (k3,1’l3,1)X(3)’ X(3) — M3 . (5)
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For subsequent:
X O C(3,i—1)y(3,i—1), Yo = 4G (k3,i’l3,i)X(3,i) ' (6)

From (5) and (6) we get for the last section:
ﬂp1—1

y O — gGm (k3,n [ ’IB,n 1 ) H CB) 45D (k3,i’l3,i)X(3) ' (7)
i=1

n_ —number of plots). Given that ¥’ = ¥® | we find that
pl p

np,—l

A(3) _ A(3,n[,[)(k3)n I ’13”1][ )H C(3,i)A(3,i) (k3,l"l3’j) s (8)
i=1

i. e. we get a matrix 4 for the rod 3. In [1] the following ratio is obtained:

0 0 000] 0

0 B,/B() 000 0
X®=pOy® P po |0 0 100, P=|0]. ©)
0 0 001 F
10 0 010] | 0
From which it follows that:
y® :A(”(kz,L)(D(”A(”X(” +ﬁ1) (10)
Equality (1) at i =3 and i =5 it is written as follows:
o
0
YO = AXO, XD =| M, | (i=3,5). (11
O,
L Vi ]

Where is O, N,, M. (i =3,5) — reference reactions and reactive moments at points B and C

(Fig. 2).
Let us now consider the equilibrium of the boundary element 2 located between the
members 2, 3 and 4 (Fig. 5). Let's make the equations of equilibrium.

n

N,

My (H)

Fig. 5. Boundary element
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N,-N,-0,=0,

Q,-N,-Q,-P,=0, (12)
M,0)-M,(L)-M,(H)=0.

Let's also take into account the ratios:

1,(0)=0, »,'(0)=»,'(L). (13)
Equations (12) and (13) can be written as follows:

4) _ “ _y® “ _y® 3) “4) _y® 3 “ _y® (2)
XD =0, XV =¥?, XD =¥ +¥?, XP=yP+¥P+p, XY YO +¥>.  (14)

From (14) it follows:
X9 =pOY® L pOYO L B (15)
Where is:

0 0 000] 00000
0 B,/By,(L) 000 00000
D®=l0 0 100,D=[00 100
0 0 010 000 0-1
0 0 001] 0001 0]

o~
Il
oy o o o

From (10), (11) and (15) we find:

Y9 = A9k, L)X = 4 (k4,L){D(2)A(2’ (k4,L)[D‘”A(”X(‘) +IA’1]+D<3)A(3’X(3’ +p2} (16)

From formulas (11) and (16) it follows that the components of the vectors ¥ and ¥
are functions of nine unknown quantities M, O, N.(i=1, 3, 5).

Note that the elements of the matrices A", A® and 4 also depend on
M., O, N(i=1,3,5), since the quantities £ included in formulas (3) are functions of these

quantities. Consider the equilibrium of the boundary element 3 located between the rods 4 and
5 (Fig. 6). Equilibrium equations:

N,+0, =0,
0,—N;-PF, =0,
M,(LYy+M(H)=0.
n
B
g
Q
t\ ) s
M)

Fig. 6. Third boundary element
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They can be presented in the following form:

Y5(4) + Kt(S) =0

Y& -¥® -p =0, (17)
YO +¥® =0.

Equations (17) are three equations with respect to the above nine unknowns. To compile
additional equations, we will use the relations:

y, (D) =y;'(H), y,'"(L)=ys'(H), (18)

As well as the equations resulting from the assumption that there are no longitudinal
displacements of the points of the members:

¥, (L)=0, y,(L)=0, y;(H) =y (H), ys(H)=y,(H). (19)
Let's write (18) and (19) as follows:
Y2(2) _ Y2(3) =0

vY-¥ =0,

Y2 =0,

oo (20)
YO -Y" =0,

Y® -y® =0

Equations (17) and (20) are a system of equations with respect to unknowns
M., O, N,/(i=1,3,5). Let's write this system in the following form:

U(u, p)u=w(u, p). (21)
In here
_Q1 _
N]
M]
0, P,
u= N3 » P= Pz
M, P,
O;
N5
| M |

To solve the problems of longitudinal-transverse bending at given values P, P, and A,
we use the method of successive approximations: at the first step we believe
n=—PF,n=-P,n=-PF, 0=0,=0,=M,=M,=M, =0, thereby defining the vector u .
Then we define the elements of the matrix U (u, p) and vector w(u, p) and solving the
system (21), we find new values M,,0,,N.(i =1, 3, 5), through them, we determine the new
values of the matrix elements U (u, p) and vectors w(u, p) etc. The method turns out to
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converge quickly due to the smallness of the values of the function % (x,#) compared to cross-

sectional dimensions.
When solving stability problems to find the value of critical forces, we use the equation:

det[U(u, p)]=0. (22)

The solution of this equation defines some surface (let's call it critical) in the coordinate
system P, B, P.. Let's set some value P, =P'”. This value will determine the curve

(0)

resulting from the intersection of the said surface by the plane P, =P"’. Then we set the

initial values P and P, and we use the method of successive approximations in the same way
as in solving problems of longitudinal-transverse bending, as a result, we find the value of the
determinant det[U(u, p)]. If it turns out to be not equal to zero, then fix the value £ and

changing the value P,. We find its value at which equation (22) is satisfied, and for each
value P, using the method of successive approximations. Then we set the new value £ and
for it we find the value P,, at which (27) is executed, etc. Using a polynomial approximation,
we can find the equation for the cross-section of a critical surface by a plane P, =P,

Changing the values P,”, we build a new section of the critical surface, etc.

S DISCUSSION OF RESEARCH RESULTS

This technique allows us to consider the problems that arise in the study of the impact of
the en-vironment on reinforced concrete structures, in particular, on two-span frames. The
same technique can be taken into account when exposed to corrosion of various origins.

6 CONCLUSIONS

The method of boundary elements makes it possible to accurately carry out calculations
for the stability of multi-span frame reinforced concrete structures, taking into account the
forces and mo-ments that arise.
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