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KINEMATIC METHOD OF CALCULATING
THE VALUES OF MOMENTS IN THE MOST
DANGEROUS SECTIONS OF BEAMS

The method of applying technique of the kinematic limit equilibrium method was given.
Formulas for calculating the values of the bending moments for reinforced concrete
structures and their advantages over conventional static method, which is based on the
equations of equilibrium was also derived. In this article there is shown how this method is
used for the most widely-spread reinforced concrete elements in the building industry which
have a great deal with bending. The simply supported beams are mostly used as such
elements. They are with position fixed ends in this article. There are three kinds of loads for
above mentioned beams: by one concentrated force within limits of the beam, by the uniform
load over the full span and by two concentrated forces which are pointed symmetrically about
the central axe of the beam and spaced at certain intervals apart.
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KIHEMATWUYHWHA CIIOCIE BUSHAYEHHSA
MOMEHTIB Y HEBE3IIEUHUX IIEPEPI3AX
3AJII3OBETOHHUX BAJIOK

Buxnaoeno memoouky 3acmocy8anHs KIHEMAMUYHOZO CHOCOOY Memoody epaHuyHol
pisHogazu npu 6u8e0eHHi GOpMynN O0OHUUCTIEHHA 3HAYEHb 32UHANbHUX MOMEHmMIE O
3a1i300eMOHHUX KOHCMPYKYILU Ma NOKA3AHO il nepesazu HA0 36UYAUHUM CNOCOOOM CIMAMUKU,
Wo TPYHMYEMbCA HA BUKOPUCMAHHI PI6HAHb pieHosazu. [Ipodemoncmposano, AK yeu cnocio
3aACcmoco8yeEmbcs 0Nl HAUOIIbW nowupenux y npaxmuyi 0y0ieHuymea 3aniz00emoHHUxX
elleMenmie, wo npayoms 8 YyMoeax 32uHauHA. K po3paxynkosi enemenmu 6 pobomi
PO32NIAHYMO OANKU HA 080X ONOPAX, WAPHIpHO obnepmi 3 000X KiHyie. Busueno maxi euou
3a6anmasiceHts 0 OANOK: OOHIEID 30CEPeONHCEHOI0 CUNOI0 8 MeHCax NPOabOMY, PIBHOMIPDHO
PO3NOOINEHUM HABAHMANCEHHAM Y3008IHC YCbO2O NPOILOMY MA 080MA CULAMU, CUMEMPUYHO
NPUKIAOeHUMU 8IOHOCHO OCI cumempii OanKu Ha 0esKill 8iOCMAaHi 00HA 8i0 0OHOI.

Knwuosi cnosa: xinemamuunuil cnocio, memoo epaHuyHoi pieHosacu, 6IpmMyanibHA
poboma, naacmuyHuLl WapHip, 32UHATbHUL MOMEHM.
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Introduction. In the design of concrete structures is often necessary to solve
engineering problems with definition values of internal bending moments from outside load in
the most dangerous sections. For their calculations can be used depending on which of the
known strength of materials or structural mechanics. Such dependence is usually obtained
using the equations of statics. However, the use of methods proposed structural mechanics
and strength of materials, does not always provide the appropriate level taking into account
the physical and mechanical properties of concrete (creep of concrete, the establishment and
opening of cracks in the element, the possibility of debonding of reinforcement with concrete,
flow steel reinforcement, etc.), which affects the valid values the efforts that are sections in
construction, such as a beam, and thus to rationally picked sectional area of the steel
reinforcement. This disadvantage can be eliminated by using the kinematic method for
determining the efforts sections in construction stage of limit equilibrium. For the possibility
of using this method of calculation formulas to display calculation of limit values of bending
moments in beams is devoted to this work.

Analysis of recent sources of research and publications. On the possibility of using
the kinematic method for calculating the values of effort in sections of reinforced concrete
slabs and shells statically indeterminate structures as described in many works, in particular,
these include [1 — 10].

Singling unsolved aspects of the problem. In these works [1 — 10] given the
withdrawal method of calculation formulas for calculating the values of bending moments in
statically indeterminate structures is quite complicated and the possibility of using this
method for statically defined concrete structures in the state of limit equilibrium generally not
considered.

Setting objectives. Purpose is to demonstrate the possibility of using the kinematic
mode using limit equilibrium method for removing dependencies of calculating the values of
bending moment in the most dangerous sections of beams to specific cases of downloads.
Also need to show the benefits of the kinematic model of the method of limit equilibrium in
the derivation of required formulas over conventional static method based on the use of
equations balance.

The basic material and results. To achieve this goal we consider statically determined
reinforced concrete beam on two supports with three variants external load: one concentrated
force F, two equal forces F and a concentrated uniformly distributed load of intensity g.
For such settlement schemes beams external forces (concentrated or evenly distributed) will
perform work on the possible linear movements that occur during its deformation.
At the same time, counteracting the influence of external forces, internal power factors
(points), seeking to return to its original undeformed beam position, and will be working on
relevant possible angular movements. Since the balance between internal and external efforts
in the state of limit equilibrium should not be disturbed, the work done by external forces,
equal work, which is done internally. Expression of virtual equality work undertaken by
external and internal efforts in general can be represented as follows:

Weo=Wyon> (D

where W, Wy o — relevant work undertaken by external forces and internal efforts on
possible movements that occur during the beam deformation.

The use of the expression (1) first look for a design scheme of reinforced concrete
beams, when the applied force F and the distance a from the left support (fig. 1, a).
With such load defined beam current limiting its equilibrium state characterized by the fact
that a dangerous power under section you can enter the elastic-plastic hinge point of the
largest, which is external torque (fig. 1, b). For reinforced concrete beams this condition
occurs in only one case, namely, when the strain in the tension reinforcement in concrete
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compressed zone reach critical ey and &.. This estimated value under stress will f;; and f.q.
It is in this state for beams with reinforcement in the area of the stretched zone A; and the
inner shoulder of force couple z; moment's limited value M, = As-fyq-2s.
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Figure 1 — Schemes to determine M,,,, of the force F:
a — by static method; b — by kinematic method;
1 — reinforced concrete beam;
2 — steel reinforcement;
3 - reinforced concrete beam in a state of limit equilibrium

Using the adopted design scheme (fig. 1, b), the formula for calculating the value
of virtual work Wy in equation (1), carried out an external concentrated force F, can be
written as:

We=F-y,.. (2)

where ;. - moving the beam in the direction of the force F.

Similarly, virtual work W, which is carried out by the internal aspect M
at angles of rotation ¢; and ¢, determined by the formula

2
WMZEM@:M'¢1+M'¢2:(¢1+¢2)'M- (3)

Substituting expressions (2) and (3) in equation (1) will have
F'ymax:(¢l+¢2)'M' (4)

Taking into account that the angles ¢; and ¢, are small size, and taking into account
that the proposed design scheme for this case ¢; = 1gp; = Ymax / a, and @2 = 1802 = Yyax/ b,
and also [ = a + b, from equation (4), after substituting it above expressions for ¢; and ¢,
and relevant simplifications will have

F Y =F-a-b.

M=M,,=M,=
la+y,.!b l

u
y max

&)

That is, using the kinematic method limit equilibrium method, we were known in course
materials resistance and structural mechanics a formula to determine the moment in
the section of the force F, but much easier than allow it to carry out these courses with known
methods.

Now apply this method of determining internal efforts to reinforced concrete beams
loaded at its two forces (fig. 2).
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Figure 2 — Schemes to determine M,,,, from the action of two forces F':
a — by static method; b — by kinematic method;
1 — reinforced concrete beam;
2 — steel reinforcement;
3 — reinforced concrete beam in a state of limit equilibrium

For loading beams with two forces take the following assumptions: current limit state
beam equilibrium characterized by the fact that dangerous under sections can be entered
by elastic-plastic hinges equal in magnitude in their internal moments M = Ayfy,-z; beams
and so, that equal the external moment in these sections (fig. 2, b).

In accordance with the prerequisites for on figure 2, b design scheme formula
for determining the virtual work Wy in expression (1), which provides two external
concentrated forces F, would look like this:

2
WF:ZZIF;yi:F'ymax—i_F'ymax:ZF'ymax' (6)
=
Similarly, virtual work W), which is carried out by internal elements M at angles of
rotation ¢

2
Wy=2XM@p =M -¢o+M-¢=2M-¢. (7
i=1

Substituting expressions (6) and (7) in equation (1) will have
2F -y, =2M -@. ®)

Taking into account that the angles ¢ are small size, and taking into account that the
proposed design scheme for this case ¢ = 1gp = y,../ a, from equation (8), after substituting in
the above expression for ¢ and relevant simplifications will have

F-
M=M, =M, =—2mx_p.q ©)

max /
y max a

Apply the above method of determining the internal forces for statically determinate
beams, which operates uniformly distributed load along its entire length (fig. 3).
For this circuit the load is evenly distributed load beam is clear that the current limit state of
beam is characterized that the dangerous section is located in the middle of the beam.
Here you can enter the elastic-plastic hinge with point M = A,fs-z, in a limit state of beam,
which is equal to moment in this sections (fig. 3, b) from outside load.
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Figure 3 — Schemes to determine M,,,, from action
of uniformly distributed load intensity ¢:
a — by static method; b — by kinematic method;
1 — reinforced concrete beam;
2 — steel reinforcement;
3 reinforced concrete beam in a state of limit equilibrium

Using the adopted design scheme (fig. 3, ) and according to the above assumptions
applied linear relationship y; = ¢-x formula for calculating the value of virtual work Wr in
expression (1), which is implemented uniformly distributed load of intensity ¢, will look like

1/2 1/2 1274 q¢.12

W, =2 yqdx=2q- | ¢-xdx=2qp—— (10)
1 0 0 2 4

Similarly, virtual work W, carried out by the internal moment M
on the corner of turn 2¢,

W, =M -2¢. (11)
Substituting expressions (10) and (11) in equation (1) will have
2
q9-1- =20-M . (12)
4
From equation (12) after appropriate simplifications we obtain
2
M=M, =M, =L _ 123 (13)
4-2¢

Now, for example, if the formula (13) written as:
Ay frazs=q-1° 18, (14)

we get the dependency, which can be easily determined required reinforcement area A, for
reinforced concrete beams.

Conclusions. Using the kinematic method limit equilibrium method, in the dependences
for calculation of values of bending moments in the most dangerous sections of beams loaded
one and two concentrated forces and evenly distributed load intensity g. After comparing
the methods of static and kinematic methods output desired formula becomes apparent that
the simplest is the second. This conclusion is based on the reduced number of calculations
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in these examples, as compared to methods that use static equation. So kinematic method in
engineering calculations is more convenient, simple and one that more accurately reflects
the essence of reinforced concrete structures under load. Also, if we take into account that
M, = M, then, substituting instead M, and M appropriate expressions easily calculate the area
of steel reinforcement, which guarantees the limiting equilibrium reinforced concrete beams.
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