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The method of the calculation case determining for biaxial bent reinforced concrete T-shaped elements using a complete con-
crete deformation diagram is presented. Analytical dependences are presented in tabular form, according to which it is possible
to determine the neutral line position case in the cross-section of the reinforced concrete element. The given analytical depend-
ences use the concrete relative strains level in the most compressed fiber. It allows the determination of the change of the
neutral line position from the beginning of loading till the destruction moment of the reinforced concrete beam element.
This approach will allow to determine both the bearing capacity and the serviceability limit state of biaxial bent reinforced
concrete T-section beams
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Busnauennsi ¢opmMu CTHCHYTOI 30HH 0€TOHY 3aJ1i300€ TOHHUX
TAaBPOBHUX 0AJIOK, SIKi 3a3HAI0TH KOCOT0 3STMHAHHS
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BuKkageHo METOANKY BU3HAYCHHS BUNAJKY PO3PaXyHKY 3alli300€TOHHUX €JIEMEHTIB 3 TABPOBUM IOIIEPEYHUM IIEpEePi3oM Ha
JIi10 KOCOT0 3TMHAHHS 3 BUKOPUCTaHHAM MOBHOI Jiarpamu nedopmyBaHHs 6eToHy. [IpoanaiizoBaHo HanpyxeHo-1edhopMoBa-
HHI CTaH 3aJ1i300€TOHHUX TaBPOBHUX OAJIOK, AJIS OIHKCY SIKOTO HEOOXiAHO 3HATH, SIK y TIOTIEPEYHOMY Iepepi3i po3TaIoBy€eThCs
HeWTpasbHa JIiHisl, HONOXKEHHS KO XapaKTepH3y€eThCsl TAKMMH [TapaMeTPaMH: BUCOTOIO CTUCHYTOT 30HH X, KyTOM Haxuiy 6
HEeUTpanbHOI JIiHIT 10 TOpHU3OHTANBHOI Bici Ta piBHEM BiHOCHHX Aedopmauiii 6eToHy B HaWOLIbII CTUCHYTIH (QiOpPI #m.
CxirapHiCTh BU3HAYCHHS ITAPAMETPIB IOJISITAE Y PI3HOMAHITHOCTI (hOpM, SKUX MOXe HaOyBaTH CTUCHYTa 30Ha OETOHY: TPUKY-
THHK, Tparnewuisi, I’ ITHKYTHUK Ta IeCTUKYTHUK [IpecTaBieHo Tpu rpynu GopM, KOXKHA 3 IKHX MICTHTB y OOl YOTHPU BUIIAAKH
posTanryBaHHsI HeHTpaibHOI JiHii B epepisi. [IpogeMoHcTpoBaHO, sIK BiOyBaeThCs nepexia onHiel popMu CTUCHYTOI 30HH B
IHITYy 1pH 301IBIIEHH]I KyTa HaXWITy 30BHIIIHBOI CHJIOBOI INIOIIMHU B KOXHIH 3 TpboX rpyn ¢opM. BusueHo, siki rpannyHi
BUIIAJIKM MOXKYTh BUHHKATH NIPH IIepexo/i Bix oxHiel Gopmu 110 iHIIO1. 3a3Ha4ueHo, 3a SKUMH BUPa3aMU BU3HAYA€THCS IPHUHA-
JIeXKHICTB 10 OJHIET 3 TphOX rpyml Gopm. [Ipencrasneno y Tadbnuuniit Gopmi aHAITHYHI 3aI€KHOCTI, 32 IKUMH MOYKHA BH3HA-
YHUTH BHIAO0K [OJIOKEHHsI HEHTpanpHO1 JiHiT y nmepepisi 3ai300eTOHHOTO eneMeHTa. Y HaBeACHUX aHATITHYHHX 3aJICKHOCTSIX
BHUKOPHUCTOBYETHCS PiBeHb BiIHOCHUX JedopMaltiii 6eToHy B HaiOi1IbII cTHCHYTIH (ibpi monepedyHoro nepepisy 3a1i300eToH-
HOT'0 EJIeMEHTa TaBPOBOT'0 MpoGilio, 1110 A€ 3MOTY BU3HAYATH 3MiHY ITOJI0KECHHS HEHTPaIbHOI JIHIT BiJ] TOYaTKY MPUKJIaTaHHS
HABaHTAXKCHHS JO MOMEHTY PYHHYBaHHS 3aJ1i300€TOHHOTO GAlKOBOrO eneMeHTa. Takuid MiJXiJ 103BOJUTh BUKOHYBATH PO3-
paxyHKH 3aJ1i300€TOHHHX TaBPOBUX 0AJOK, 110 3a3HAIOTh KOCOTO 3THHAHHS, SIK 32 HECYUYOIO 3JaTHICTIO, TAK i 3a MPUIATHICTIO
JI0 HOPMAJIBHOI eKCILTyaTarii

KimrouoBi ciioBa: xoce 3ruHanHs, GopMa CTHCHYTOI 30HHM, HMOJIOXKEHHSI HEWTpasbHOI JiHii, 3a/mi300eTOHHA TaBpoBa Oajka,
TpaHNYHI BUMAAKH.
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Introduction

For the development of the construction industry,
there is a need to constantly improve knowledge about
the processes that occur in structures from external
loads.

A significant number of the reinforced concrete beam
elements in buildings and structures are influenced by
causes that bring about complex types of deformation —
biaxial bending and torsion. Therefore, there is a need
for a more accurate stress-strain state analysis of such
elements, for which the priority is to determine the neu-
tral line position in the normal section.

Review of research sources and publications

Studies of beam elements under influence of complex
deformations are clarified in [1 — 9]. The analysis of the
stress-strain state in the biaxial bent beam elements
with the rectangular section is presented in [5 — 7], and
with the T-section —in [1, 5].

Definition of unsolved aspects of the problem

The description of the compressed zone forming pro-
cess in the T-section reinforced concrete elements is
presented using rectangular [1] and two-line [5] stress
distribution diagrams in the compressed concrete zone
of the normal cross-section. Differentiation of calcula-
tion cases for T-section elements using a complete dia-
gram of concrete deformation was not observed.

Problem statement

In calculations of both the bearing capacity and the
serviceability limit state to describe the stress-strain
state of a biaxial bent T-section reinforced concrete
beam, it is necessary to know how the neutral line is
located in its cross-section under the influence of exter-
nal load. Therefore, the aim is to show how the forms
of the compressed concrete zone are systematized into
groups and how the calculation case for the T-section
elements is determined.

Basic material and results

According to the analysis of literature sources, in re-
inforced concrete T-section beams under the influence
of external load, the phenomenon of biaxial bending al-
most always occurs.

External load causes changes in the stress-strain state
of the beam element. In order to describe this state, it is
necessary to know how the neutral line (the line that
separates the compressed and stretched zones of con-
crete) is located in the cross-section. Its position in turn
is characterized by the following parameters: the height
X of the concrete compressed zone, the angle 9 of neu-
tral line inclination to the horizontal axis, and the value
of the concrete relative strain level in the most com-
pressed fiber #,,. The analysis has shown that the values
of these parameters can generally vary within the fol-
lowing limits: 0 <68 <90° 0 <X < hcosb, 0 <7, <2,7.
They can be used as boundary characteristics.

All possible causes of the neutral line position in the
normal section of the reinforced concrete T-section
beam are systematized into three groups (Tables 1 — 3).

Analytical dependencies are used to determine belong-
ing to one of the three groups:

0 <X<0,5h,, M
b
0,5<X <0,5h,, | 1+-2LL |, 2)
beffl
0,5, | 1+—L5 |< X <hy, G)
bey

where be, hey begr1 — geometric parameters of the T-
shaped cross-section in the reinforced concrete bending
element;

X — the height of the compressed concrete zone under
simple bending, which is determined using the formula

fydAs (4)

Jeabey@(O31,,)
where f,4 — the calculated value of the tensile reinforce-
ment resistance;

fea— the calculated value of the concrete compressive
strength;

As — the cross-sectional area of the reinforcement;

w (0; nm) — the completeness coefficient of the stress
distribution diagram in the compressed concrete zone
under simple bending.

With increasing the angle of the external force plane
inclination in each group, there is a change from one
form to another in a certain sequence. When transfer-
ring from one form to another, the neutral line occupies
a certain limit position, which reduces the number of
unknown geometric parameters. This makes it possible
to determine at what angle the inner force plane is in-
clined with such a neutral line position. Using the par-
allel criterion for planes of external and internal mo-
ments action, the conventional angle f’ can be deter-
mined with the formula

B' = arctg [M] (5)

h — Yo,Ne
where dp, di — the projections of the distance from the
most compressed concrete fiber to the application point
of stress resultant in stretched reinforcement on the X
Ta Y) axes respectively.

Tables 1 — 3 show the analytical dependences that al-
low to calculate the value of the inclination angle of the
force plane for each limit case in each group. The deri-
vation of the completeness coefficients of the stress dis-
tribution diagram in the compressed concrete zone un-
der complex bending is described in [10].

To determine the case of the neutral line position in
the group, it is necessary to compare the actual inclina-
tion angle of the external force plane to the vertical axis
with the conditional angle of the internal force plane for
extreme cases. If the actual inclination angle is greater
than the conditional angle of the first limit case in one
of the three groups, it is necessary to proceed to the
comparison with the conditional angle of the second
limit case. If it is greater again, then compare with the
third limit case, and if smaller, the compression zone
actual shape is between the first and second limit cases.
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Table

1 — The first group of shapes

Limit cases
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Table 2 — The second group of shapes

Shapes of the compressed zone Limit cases
2.1 y
4 —
AC:fyd s; a)l:nm( ﬂm), (0221(17/2)3[14- TTm 72 ]’
f‘cd 6 (4 777m)
the load 2
M S —1m) 3 41
piane ¢x1:¢y1:%; P =1-(1=y,) | 143y, + =22 |,
5- M
g A
= i ,,,,, 4 Mm?2 4 MmN
¢y2:1—(1—72) 1+ 5o =l=(1=p) | 1+ 2= |;
& 5- U 5- M
As 2
il 3 41y
, Py =1-(1-11) (1+371+L1]
.!‘5 5- um
ettt 8_perrd. 21-22
the load 5" .
— - plane i DN S
by 5inf < X < haycosO) A ey
0,Ne tgHC(JI 0)3
2.2
the load B ’ _heyp 9193
plane g o 0]
= Af _ befftgg
<& . | =2
g _ ! hegy
= : ¥ 1 bert i
Al
" Tee 22-23
£t 1 J7 e fF (e toan 5ﬁ' £
Borr piane 1 TQM_%‘ ,
bef 5in€ <X <beja Sin@+hey cost Xone = eff Py1Py2
54 T e,
23 & i WLQE d bgﬁ' tge@xl(o)ﬂ
the load | ¥ : Yo.Ne = —a)la)
= = B
plane | TLM% = 0& &\ i , 2
g‘\(' \‘ _ eff
& Al h ‘ 2= b, tg0
& 1 ; J.Qﬁff b eff, o
= ! "r‘.(‘\b berr
! 9"&(9\
Al b4 2324
e
effll, b |errd
bert
hefr cos0 < X < bey sinf the load B
plane HON = %
2.4 ‘ u % By
the load 8 \(\é‘& Xo.Ne = e_ff+bff2 M
e [oa . o A ,Nc eff,
plane UNC_(; = { o I g0 10,
” ¥ _ Dr1Px2
H A > df’% = L » Yo.Ne = (h‘ﬂ +hey ’ztgg)' c;a)x
£ & X 'LCJ & A i 2
= - e 3 22 < h,qr
e =
b q ' 72 " g + by 2120
/ ' 2
As i Rc,\(‘QS J@w b |herr2 o
Y o o ) boft
berrd, b iR
betr
beo 8in6 +hey cosO <X <by sinf
30ipHHK HAyKOBHUX MIpalls. [ amy3eBe MammHOOyAyBaHHsA, OymiBHUITBO. — 2 (57)” 2021 23




Table 3 — The third group of shapes

Limit cases
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Conclusions

Special attention should be paid to T-beams due to the
variety of shapes that can be generated in a compressed
area of concrete. For convenience, all forms of the com-
pressed concrete zone are systematized into three
groups depending on the initial position of the neutral
line in the cross-section. In each group, there are limit
cases that allow determining the shape of the com-
pressed zone for the biaxial bended reinforced concrete
T-beam.

Analytical dependences for determining the inclina-
tion angle of the force plane for limit cases are written
depending on the level of relative deformations in the
compressed zone of concrete, which allows determin-
ing how the neutral line is located at different load lev-
els.

The presented method for determining the case of the
neutral line position allows determining both the bear-
ing capacity and the serviceability limit state of biaxial
bended reinforced concrete T-section beams.
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