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Introduction

Usually when calculating the strength of Pre-stressed Concrete Containment Vessel is not
taken into account in an explicit form of the availability of holes for tendons in the protected
construction. However, they are stress raisers and initiate a cracking in the concrete shell. In
connection with this, in the design of radial reinforcement of the containment is very important,
taken into consideration of holes.

In this report considers the special features of this calculation. Used a three-dimensional
finite-element approach, are simulated by nonlinear properties of concrete, reinforcement is
considered as discrete rods. The calculated model is a common fragment of the shell away from
the openings and penetrations in containment. The results are compared with the alternative
calculation according to the program “ATENA” (Cervenka Consulting, Chech Rep.,

www.cervenka.cz).

The assessment of ultimate internal pressure for the considered design of a containment is

also executed.

Numerical model

Consider the fragment of the concrete shell with the helicoidal system of holes (figure 1).
The size of containment fragment is about of 3m x 2m, thickness — 1,2m. In the lateral planes
delivered conditions of sliding grid points along the radial planes of their forming. Conditions of
zero vertical displacements are specified on the underside plane. On the top plane acts the force
of the pressure from upper constructions together with pre-stressed spherical part of the
containment. The force from of the tendons is specified in terms of the equivalent pressure along
the narrow lanes inside the holes in the direction to the curvature center of the helicoidal
channels. The force from of the tendons is applied on the first stage of calculation, and at the

second stage internal pressure for determination of limit bearing ability of the containment is put.


http://www.cervenka.cz/

For computations are used the finite elements type tetrahedron (figure 2). The number of
finite elements is about 80 000. Loading of tendons is 9 MN. Reinforcement is described by one-
dimensional finite elements, placed in the body of concrete. Mathematical model of reinforced

concrete take into account the inelastic strain of concrete by compressive and shear and cracking

1n tension zone.

Figure 1. Helicoidal system of holes and discrete rods in concrete shell.

Figure 2. The Finite element model of containment fragment for numerical calculations.



Concrete material model

In the present work the concrete damaged plasticity model has been used for the numerical
simulation. The main ratios of the model are as follows.
According to the principle of concrete strain division processes full strains are represented

in the form of the sum of the following composed:
ce=&+el +¢&,

where ¢ is the total strain, €° is the elastic part of the strain, €” is the plastic part of the strain, and
¢' is the concrete cracking strain.
Strength condition for concrete in three dimensional compression states is described by the
look equation:
(D(sz):T_En(o-oae) >

where o, is hydrostatic pressure, o, =1/30;;
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The surface of concrete strength F, (o,,6) is described by expression (figure 2):
E,(0y,0) = F, (F|(0y),F,(5,),0).
For the description of deviatory curve functions Willam - Warnke criterion is used [1].

Figure 3. To the description of failure surface.



Hardening / softening parameter C is accepted as function from some scalar value

c= J.dc defining from accumulation level of plastic flow strains and accepting values:

0<c<I — on hardening stage;
1<c<2 — on softening stage.
Thus the value dc represents the ratio relations of plastic shift strains to their limit values

for appropriate stage of deformation.
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Hardening / softening function q(c) is accepted in the following form:
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The flow condition with isotropic hardening (softening) registers in a look:
f=~J/F(q,0,6)-1.

Computational results

At the first stage of loading efforts of a reinforcement tension of tendons are put to a

fragment of containment. Radial shift of the construction made about 8,5 mm (figure 4).

Figure 4. Radial shift of the construction at the first stage of loading (m).



Existence of channels in a design leads to cracking emergence apparently from figure 5.
There is a construction stratification, if not enough of radial reinforcement. Strains of cracking
made about 0,1 %. In figure 6 stresses in reinforcement cores is shown. The maximum tension
stresses of radial cores of reinforcement made 180 MPa (the yield stress of steel — 340 MPa).

Vertical and ring cores of reinforcement are compressed.

Figure 5. Cracking strains in the construction at the first stage of loading (%).
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Figure 6. Stresses in reinforcement cores at the first stage of loading (MPa).



On figure 7 are compared the cracking strains in concrete, obtained by this method and
program “ATENA” (Cervenka Consulting). As we can see, the zone of cracking is formed along
trajectories from one hole to another. Holes are the initiators of the beginning of cracking
formation, due to the concentration of stresses. The maximum value of cracking strains in

considered plane for both methods is about of 0.1%.
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Figure 7. Comparison of cracking strains for this method (left,%) and program ATENA(right).

At the second stage of loading the construction was exposed to influence of internal

pressure up to containment destruction.
In figure 8 the dependence of radial shift and strain in ring cores of reinforcement from the
value of internal pressure of containment is shown. Destruction of a cover happened with a

pressure about 1 MPa when yield strains in ring reinforcement were reached.
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Figure 8. The Dependence of radial shift and strain in ring cores of reinforcement from the value
of internal pressure in a containment.

Conclusions

The performed numerical analysis showed that the estimated substantiation of the radial

reinforcement of pre-stressed containment vessel need to take into account the presence of holes

that initiate a cracking in the concrete.

The assessment of the maximum destroying pressure for a considered design of a

containment is received.
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