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Abstract. In the article, digital simulation data on infhee of defect different characteristics
on cracks formation in a parabolic flume are pres@nThe finite element method is based on
general hypotheses of the theory of elasticity. $tuelies showed that the values of absolute
movements satisfy the standards of design. Thdtsesfiuthe digital simulation of stresses and
strains for cracks formation in concrete parabdlitnes after long-term service above the
fixed service life are described. Stressed andnstlastate of reinforced concrete bearing
elements under different load combinations is abergid. Intensive threshold of danger to
form longitudinal cracks in reinforced concretenadats is determined.

1. Introduction

As a subject of inquiry, a parabolic lume madeedhforced concrete was considered. In statement of
digital mathematical experiment, the task was@eietermine scientifically the degree of relialilitf

a parabolic flume for long-term service life (mdhan 50 years) under different types of failures. A

solid-state model of stressed and strained stafm@bolic flume made of reinforced concrete was

built.

In the present paper, the results of digital sitiohaof strains and stresses for cracks formation i
concrete parabolic flumes after long-term servioeva the fixed service life are given. Depending on
mechanical and mathematical methods used, materthboundary problem statement in the current
computation practice, the theory of plastic flowitsrspecial case - strained theory of plasticitye
applied. In general case, to describe plastic hebawf material, knowledge of three criteria is
required: conditions for initiation of flow, flownal law of reinforcement.

2. Materialsand methods

The mathematical model was being built on the lhsxperimental studies confirmed that the flume
is necessary to consider as a thin-walled spacstremtion of cylindrical casing type and to compute
it with space work taken into account. The wholenpatation was carried out on the well-known
software product Solid Works whose operation iselasn the finite element method and that of
superelements. Solid Works pacckage developed liy Bfrks corporation (USA) is the supplement
for automated object-oriented design of solid-statelels for machine building products completely
using graphic user interface Microsoft Windows. the Solid Works, drag-drop possibilities are
realized, owing to which this package is ratherpd@gmin assimilation. Graphic interface Windows
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makes it possible for designers to improve histfemisions and to realise them as a virtual prpttyp
or a solid state model, big assemblies, subassesnalid to carry out a detail drawing and to get the
necessary drawing documentation [1].

In the existing designs of the finite element mdthusing three-dimensional isoparametric finite
elements node, movements are given, in the gloasl,a rule, Cartesian coordinate system.
Components of deformation tensor are computed vdtard to the invariable global basis. The
simplest eight-assembly, six-assembly and fourrabBe isoparametric finite elements are widely
spread [2]. To form rigidity matrix of an ensembleelements, they require rather small expenditures
of computer time and allow one to automate thegges®f ensembling (construction of finite element
grid). The necessary accuracy is achieved at theree of the grid closeness.

Spreading the existing standard design of theefiaiement method for the case, when stress and
strain state is determined in element local axdaciing with the main directions of material
anisotropy, is of great interest. The number ofmelets and that of assembly units were 3317 and
6861, correspondingly. Coding of source informatwas carried out in terms of the increment
method taking into account a fragmental represiemtatf parabolic flume as objects of a simple
geometric form. The results of computations in fibven of a stress intensity diagram on von Mises
and absolute movements are presented in figuresd23a It is evident that the support area of
parabolic flume is mostly loaded subjecting gréwss.
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Figure 1. Stress intensity diagram on von Mises; a — sieev\of parabolic flume; b — detached
support area of parabolic flume.

An analysis of the data received showed that tHaegaof absolute movements satisfied the
accepted norms of flume designing. The receivedeslof maximum stresses are less than those
computed by formulas of normative documents andpeation techniques [3, 4] Taking into account
that the finite element method is based on gergpabtheses of the theory of elasticity, it shoudd b
given preference when designing and computing @dtatructures. Comparisons of movement
diagrams by the vertical and the horizontal alond across bearing elements revealed insignificant
inner variations. The diagram of total movemeniggu(e 2, a) under crack formation and destruction
of the support area is the most interesting. Ordtagram, changing of element location due to loads
made, as well as noncritical shifts of sides, &mw. These results testify to availability of thgieat
safety margin [5]. Movements by the horizontal gldrearing elements show insignificant shifts of
support areas for the horizontal reinforced comceé¢ments.

The diagram of total movements under destructiorordy support area of parabolic flume is
presented in figure 2, b. At the interface pointhofizontal and vertical elements, under structure
operation and changes in technical parameters,timigal cracks can occur [6]. To avoid this
problem, it is necessary to strengthen the detewt=tk point of the structure because its technical
characteristics are at a dangerous threshold ofatpe. It is also necessary to pay attention to
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strengthening the mforcing cage of the parabolic flume. The totalgiams of movements emphas
(figure 2, a) insignificant rigidity of the side horizontlements that are also in need of rercement

[71.
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Figure 2. Diagrams of total movements on von Mise— under crack formation and destructior
support area; b — under destior of the support area only.

According to the results of corarison for the diagrams of egaient stress von Mises, the hest
stresses occur by the vedl of bearing elements, exactly in the lo part of the structur This
testifies to occurance of critical stresses indinacture base taking both water load weight of the
whole structureDiagrams of equivalent stress oon Mises by the horizontal along and across
parabolic flume also show the highest stressemgria the area of the structure support on the
caused by thetrains of bearing; elements. Stresses are also in the horizontal reinforcethehts
Carried out simulation of streand strain state confirmed aladiility of significant safety of margi
in reinforced elements of the parabolic flume. Theeived diagrams of movements and stresse
within permisible limits of the future operation detached fragment of tlegjuivalent stress diagre
where formatiorof a longitudinal crack is shown, presentedni figure 3. Its oigin is possible under
weakening reinforced cages taking tensible streisskending of the parolic flume. Formation &d
subsguent opening of cracks above the normative cheniatits take place and, this can result in
flume destruction by means of sivcaving. In the course of the digital experir, the objective to
determine breaking stressesder which this biakdown will happen, was pursu The parameters of
limit equivalent stresses resulting in theucture destruction are receivecebe values of maximu
stresses are less than thosmputed by formulas [¢

n et (b

Figure 3. Detachedragment of diagram of equivalent stresseder crack formatic.
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3. Conclusion
Analysis of the data received shows that the vahfesbsolute movements satisfy the accepted
standards of hydraulic structure designing. Talkmg account that the finite element method is dase
on general hypotheses of the theory of elastiditghould be given preference when designing and
computing hydraulic structures. Comparison of tlegams of equivalent stress von Mises and
movements shows that the highest stresses ariggsatie parabolic flume, exactly at the butt joint
element connections. These results testify to &inoof critical stresses in support areas twice as
large as in other areas and under head; incredliagcan result in destruction of the considered
elements and loss of bearing capacity of the whinlecture.

Empirical relations between the change in stresk sdrain state of the simulated elements and
intensity of water level rising are received:

2under crack formation and destruction of the suppoea - G5=0,05703%+0,0594-0,227;

R*=0,97;

under destruction of the support area only,;<®,04287%°+0,0524-0,0431; R=0,98;

As a result of the digital experiments conductad,irdgensive danger threshold of stress on the
parabolic flume side that can result in the strieetiestruction was determined.
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