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Calculation of continuous beams taking into account
the elastic compliance of supports

This work considers multispan structures (beams, columns) supported on intermediate elastically.compliant
supports. The structures are also extensively used in high-rise construction. The research is carried out by
an exact analytical force method, based on the equation of five moments. The basic resolving equations are
given. The work of a two-span structure with elastically compliant supports is considered in detail. The
chart of flexure, the bending moments and the lateral forces are obtained depending on the compliance
coefficient «, which varies within the limits of 0, ..,00. The analysis of the obtained results is carried out
from the point of view of rational work of the operated structures.

Keywords: multi-storey frame columns, power loads, compliance of supports, vertical displacement of beams
components, compliance coefficient.

Introduction

When calculating the load-bearing multi-storey frame columns of residential, public and industrial buildings
and facilities from the effect of various power loads (including the effect of horizontal wind loads), it becomes
necessary to take into account horizontal displacements of the column components at the levels of each of the
frame floors, which can substantially change the distribution pattern of internal forces along the length of the
columns [1, 2].

The columns design diagram, in the general-view, in the presence of a number of intermediate supports, can
be displayed as a multi-span (by the number of the building floors) continuous beam on elastic-settling supports
(Fig. 1, a), («m» is the total number of beam supports).

Such structures are extensively used in high-rise construction; while the compliance of the intermediate
supports models the flexibility of the(intermediate floors. In this case, it is important to do the research on the
compliance of the supports (components) to the strain-stress state of the structures (flexures, internal forces) [3].
Theoretical bases of calculations of multi-span structures (beams and frames) are considered with variable spans,
bending stiffness, compliance coefficients, and external load intensity. Obtained diagram dependences can be
used in practical design of load-bearing structures of multi-storey buildings.
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Figure 1. Design diagram (initial diagram) (a) and main system (b) of continuous beam

An elastic support is a support the movement of which is directly proportional to the support reaction
arising from the external action.

In practical construction, examples of such supports can serve as long columns, cross-beams of the roadway
of various types of bridges, as well as pontoons serving as supports for a floating bridge [4-6].

The elastic supports are characterized by the compliance coefficient C; is the displacement of support caused
by a single force [7].
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Purpose and objectives of the research

Due to the fact that the elastic compliance of the components (posts) of building structures significantly
affects the strain-stress state of the objects of research, it is important to develop methods for calculating them
with a variety of structural concepts, external loading, including the compliance rate of the supports.

In this work, a complex approach has been applied to solve these problems: the difference in the spans’
dimensions, bending stiffness, the intensity of uniformly distributed loading, and the variety of the supports
compliance coefficients are taken into account simultaneously in the design diagrams.The resolving equations of
the force method will take into account the above mentioned factors.

For the proposed theory illustration, a two-span continuous beam was studied in detail, for which depen-
dencies of displacements and internal forces on the compliance coefficients of the 2 and 3"%‘supports were
obtained. The obtained dependency diagrams will extensively use in the practice of designing the load-bearing
building structures.

Theory and calculation methods

The calculation of such structures can be made by an exact analytical force method; The:main unknowns
in the main system, shown in Fig. 1, b, will be support bending moments Mj, M. . .5 My, 1. In this case, the
resolving canonical equation of the force method will have the form of an equation of five moments [§]

6n7n72Mn72 + 6n7n71Mn71 + 6nnMn + 6n,n+1Mn+1 + 6n,n+2Mn+2 == Anp =0. (1)

The canonical equation coefficients (1) determined by the knowun procedure of the force method, based on
the Vereshchagin rule, will have the form [9]:
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where R, _1, Ry, Rnti are respectively the supports reactions n — 1, n, n+ 1 in the main system (Fig. 1, b);
B, i 1 are fictitious reactions of the considered support in n and n + 1 beam spans; for example, under the

12
action of a uniformly distributed load ¢; for a span of length I;, these reactions equals to: Bif = A{ = q241 .
Let us introduce the following notation:
CiCO (EJ())
Qi = B (3)
0

where Cy, EJy, lo are respectively scaling (conventional) values of the compliance coefficient, bending stiffness,
beam span; C; is digital coefficient which varies within the limits of C; = 0,1, ..., 00; the compliance of the
corresponding support is absent at C; = 0 i.e., the rigid support of the beam components takes place; the
compliance of the support is very large at C; = oo, which characterizes the absence of this «i-th» support in
the beam design diagram.

In case when all spans have a constant section and are equal-sized (EJ = const, | = const), therein the
supports have the same compliance coefficient C; = Cy = C' = const, then by introducing the notation,
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_ 6EJC

oy = l3
we obtain instead of (1) a simplified canonical equation of the form

aM,_,+ (1 —4a)M,_, + (4 + 6a)M,, + (1 — 4da)Mp1, + aMyy . = —
In this case

6E.J
= - Ay
6E.J

6
B =

: (BI+40.1) +al (Ra-y = 2Ry + Rat).

For testing purposes of the proposed calculation theory and researching of the continuous/beams or columns
work, let us consider the structure in the form of a two-span beam with variable bending stiffness, with different
spans and different compliance coefficients of supports loaded with a uniformly distributed load. of different
intensity on the spans (Fig. 2, a).
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Figure 2. Design diagram of two-span continuous beam (a) and its main system (b)

System of canonical equations according to (1) (at n = 2) is as follows:

511M1 + 512M2 + Alp = 0,

021 My + 022 Mo + Agy, = 0.
ion (3):

(4)
According to the formula (2), we determine the coefficients of equation (4) taking into account the express-
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Results and Discussion

As a test task representing the proposed theory, let us consider an example of calculating of two-span
continuous beam with identical spans, constant bending stiffness, and equal values of the compliance supports
coefficients 2, 3 (see Fig. 3, a) i.e.:
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Figure'3. Bending moment diagrams under a variety of «a» values
According to the formula (5) we have:
0.33 + « lo lo
011 = | —=—— ) lo; 012 =021 = — (0.167 — 2cv) ; d22 = — (0.667 + 5v) ; 6
11 ( EJ )0, 12 21 EJO( a); a2 EJO( + 5a); (6)
A, = Bl (0.0417 + ) = by; Agp = als. (0.0834 — 1.50) = bs.
P EJy R ON

Solving the system of linear algebraic equations of the second order (taking into account the expressions
(6), we determine the support moments (Fig. 2, b), (in general form):
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According to the expression (7), taking into account the initial data of the task, we have:

My = kiqold; Mo = kagolg, (8)
where

1750 —990% — 3240®  0.75— 0.18a + 180° o)
T 14+ 258 + 72002 + 2160%” 0 —7—108a — 36a2

Table shows the results of the calculation of the continuous beam (Fig. 3, a), produced by the formulas (8),
(9) with the following data:

1

h=kL=1; EJJ=FEJ=FEJ;, q=const; «=0.0;0.5 0.1; 1.0; 2.0; 10.0;_c0.

Figure 3 b—g shows the diagrams of bending moments at different values of the coefficients «ay;», taking into
account the effect of the variable support coefficient Cj.

Figures 4-7 show, respectively, the dependence diagrams of bending moments M;, flexures C;, lateral forces
Q;, support reactions R; of the beam depending on the coefficient value a.

The analysis of the dependencies in Figures 4—7 shows the following:

1. The ordinate values of moment diagram (Fig. 4) depend essentially on/the value'a and change their signs
(from the two-digit torque value to single-digit (negative) torque values).at « > 2.0.

2. The bending moments, the lateral forces, the reactions in the beam sections are increasing monotonically
with a monotonous increase of «, except the support reaction at component 3y which in this case is decreasing
monotonically.

3. The values M;, M take positive value in the a > 1.0 values range (Fig. 4).

4. The flexures values are increasing slowly in the beam sections.at o <'1.0 and increasing rapidly at a > 2.0
(Fig. 5), in this case the increase of elastic compliance is particularly significant.

5. The dependency diagrams on the value of lateral forces @y, Q%™ and Q5" Qs are parallel in their
lineament (Fig. 6).

6. The dependency diagrams of reactions R; is increasing monotonically with an increase of a, therein the
R reaction is decreasing monotonically, and the R3 reaction diagram has a complex lineament at o < 2.5, and
it is decreasing monotonically at o > 2.5 (Fig. 7).
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Figure 4. Dependence of the bending moment values My, My, My, My
on the coefficient of elastic compliance of the beam supports «a»
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Figure 5. Dependence of flexure on «a»
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Figure 7. Dependence of support reaction on «a»

The results obtained in this work, for a two-span continuous beam based on the equation of five moments
in terms of their reliability, are estimated as follows:
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1) Relative comparison of results:

The bending moment diagrams (Fig. 3) with an increase of the compliance coefficient of the 2" and 3"¢ beam
supports «a» from a two-digit lineament (Fig. 3, b) change to a single-digit negative lineament (Fig. 3, g), which
reflects the actual work of the structure at the action of the load uniformly distributed on the spans (Fig. 3, a);
the indicated dependence is also present in the ordinates values of the moment diagram (see Table);

Table

Dependence of internal forces and support reactions of the beam on the value «a»

a 0.0 0.5 1.0 2.0 10.0 0
M-
qT; -0.0074 | -0.2882 -0.4127 -1.6726 | -1.4814 -2.0
Mo
q? -0.10717 | 0.0536 | -0.000497 | -0.100 | -0.3458 | -0.500
M
qTQB 0.00 0.00 0.00 0.00 0.00 0.00
g; 0.4643 0.8428 0.90833 1.0726 1.2583 2.0
q

left

qu -0.535 -0.1582 -0.0917 0.0726 0.2583 1.0
right

qu 0.6072 0.4464 0.5044 0.600 0.8458 1.0
% -0.3928 | -0.5538 -0.4956 -0.400 | -0.1542 0.0
Ry

o 0.4643 0.8428 0.9083 1.073 1.2583 2.0
q

Ry

a 1.1423 0.6046 0.5236 0,5274 | 0,5875 0.0
R

a 0.3928 0.5536 0.4956 0.400 0.1542 0.0

2) Absolute comparison of the results:

a) At a = 0 (the compliance of the supports is minimal and there is a rigid support of the 2"¢ and 37
supports) (Fig. 3, b) the values of the support ordinates of the moment diagram coincide (without the presence
of an error) with the caleulation of a beam according to the well-known theory of three moments [7, 9];

b) At o = 0 (the compliance of the supports is maximal and there is a single-span cantilever beam with a
length «21») (Fig.-3; a) the greatest bending moment in the support «1» is equal to (M; = 2q¢I?), (Fig. 3, g)

2
Q(22l) — 2ql2 .

which coincides with the known value for the cantilever beams |M; =

Other/results (atoa # 0, « # o0), given in this work are original, i.e., new in the scientific literature for
today:

As for comparing the obtained results with the experimental data of other authors, we have not found
similar results for today, apparently, the experiments on the subject of our research have not yet been carried
out.

Along with this, it should be noted that we compared the results with analytical calculations: the relative
(semantic) and absolute (the coincidence of data with the results obtained by other methods) comparison of
the results (see the section «analysis of dependencies»).

Conclusion

1. In this work, the research is performed on the stress-strain state of a two-span continuous beam with
elastic-settling supports for equal spans, with the same bending stiffness under the action of a uniformly
distributed load of the same intensity.
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2. The method of calculation is an exact analytical force method based on the five moments equation [9],
[10], which is used here to calculate a variety of continuous beams (columns) with multiple spans, with different
spans values, variability of bending stiffness and lateral uniformly distributed load on the spans, and also at
different values of the compliance coefficients of the beams supports (Fig. 2, a).

3. The two-span continuous beam of constant bending stiffness, equal to spans and loads on them, as well as
the same parameters of C7, CY was performed as an illustration of the proposed theory operability (Fig. 3, a);
the flexure dependency diagrams, the bending moments and the lateral forces on the change in the compliance
coefficients C, Cy were obtained for this variant (Fig. 4-7).

4. At the same time it is established that with an increase in the compliance of the supports, the lineaments
of the diagrams M, @) change substantially and the beam flexures increase therein.

5. The proposed theory also makes it possible to calculate the columns of multi-storey buildings, the design
diagram of which can be represented as a multi-span continuous beam. The presence of intermediate floorings,
in this case, will be modeled as the elastic compliance of the components of the columns joints and flooring.

6. The proposed theory and the practical results can be used both in scientific researches, and in practice
of designing of load-bearing structures of high-rise and unique buildings.
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2K.C. Hyryzxunos, C.K. Axmennes, C.P. ZKomvaramberos, O. Xabumgosiia

Tipekrepain cepniMal MKEMOUIITiH eCKepyMeH
KeClJIMEeMTIH apKaJBIKTap/Ibl ecerrey

MaxkaJta1a apaJiblK ceprimMJl MKeM/ I TipekTepre CyHeHreH KOapaablKThl KOHCTPYKIUSIAPAbI (APKATBIKTAP-
Jbl, 6aranasapapl) 3eprrey opbiaaaarai. COHbIMEH KaTap KOHCTPYKIUsIAP OUIK KYPBLIbICTA KEH KOJIJAHBIC
TalKaH, 3epTTey 6ec COTTIH TEeHJIeyiHiH Heri3iH/e 9/ TAIIaMaJIbl KYIITep 9aiciMen KeaTipiaresn. Herisri 6y-
3yibl TeHaey rep 6epinren. CepriMal nKeM/Ii TIpEKTEPMEH KOCAPAIBIKTHI KOHCTPYKITUSTHBIH, 2KYMBICHI TOJIBIK,
KapacTeIpbliarat. 0, .., 00 IIeriHae e3repeTiH UKeM K KoadduimenTine a ToyeaaiIikTe UIyaep/iis, uiiy
Ke37epi MeH KeoJIIeHeH KYINTepiHiH Kecresepi asbiarad. [laiinasaHbpLIaTBIH KOHCTPYKIUSIAPIBIH, IYPbIC
2KYMBICBI TYPFBICBIHAH aJIbIHFAH HOTHUKEJIEP/Il TaJIIay »KYPrisiireH.

Kiam ceadep: Kem KabaTThl paMaJibl KAHKAJIAP/IBIH OafaHa apbl, KYIITIK KYKTEMEIED, TIPEKTEPIiH UKEM-
Ji7iri, apKaJIBIKTapIbIH TOPANTAPIbIH TiK BIFBICYIAPbI, UKEeMILTIK Ko duimenTi.
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2K.C. Hyryxunos, C.K. Axmenues, C.P. ZKosmmaramberor, O. Xabumosia

Pacuer Hepa3pe3HbIX 0aJIoOK C yderToM YHPYFOﬁ IIoaT/JINBOCTHU OIIOP

B cTraThe BBIOIHEHO HCCIIEI0BAHIE MHOTOMPOJIETHBIX KOHCTPYKIHUi (6a/I0K, KOJIOHH), ONEPThIX HA TIPOME-
JKyTOYHBIE YIPYTO TOJATIUBLIE OMOPBI. Takne KOHCTPYKIUU HAXOJAT HIXPOKOE NPUMEHEHWE B BBICOTHOM
crpouTesbeTBe. VcciaenoBanre IpoOBEIEHO TOYHBIM AHAJIUTUYIECKMM METOJOM CHJI, HA OCHOBE yDaBHEHUsI
msaTH MOMEHTOB. lIpuBesieHbI OCHOBHBIE pa3permaromiue ypasueHusi. [logpo6HO paccMoTpena paboTa JBYX-
IIPOJIETHOM KOHCTPYKIIUU C YIPYIro MOJAATIUBBLIME onopamu. llosmydensl rpaduku mporubos, n3rubaiommx
MOMEHTOB U IIOIIEPEYHBIX CHJI B 3aBUCHUMOCTH OT KO3 dUIMEHTA I0JIATIMBOCTUA (¢, KOTOPBI MEHSeTCs B
npenenax 0...00. IIpoBeien anan3 MOy I€HHBIX PE3YILTATOB C TOYKN 3PEHUS PAIMOHAJIBHON pabOTHI IKC-
[JIyaTUPYEMbIX KOHCTPYKIIHUIA.

Karouesvie cro6a: KOJOHHBI MHOTO9TAa>KHBIX PAMHBIX KapKaCOB, CHJIOBbIE HAIDY3KH, IOJATIMBOCTH OIOD,
BEPTUKAJIbHBIE CMEIEHUST Y3JI0B 6aJI0K, KO MUIIMEHT TOJATITUBOCTH.
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