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Abstract: At the stage of NPP civil structure desigr determination of stress-strain state (SSS}atic
and dynamic loading ABAQUS is widely used [1]. Hertle floor response spectra are determined for
calculation of loadings on the equipment at spedjalamic impacts (seismic, air shock wave, aircraft
crash). In case if the obtained characteristicS8fS or spectral accelerations exceed maximum
permissible values, designers take actions on gtheming the corresponding structural components.

It should be noted that real civil structures of R&re rather complex structures. Numerous geonadtric
parameters, such as thickness of walls and flostiggometrical characteristics of columns and beams
create multiparameter system. In such systems dseref the calculated values of SSS due to
strengthening of some structural components cath feancrease in SSS values for the other struttura
components. Therefore, complicated and generaéiglspg non-system choice of structure geometry,
realizing the "optimum" SSS, is made.

For system design of structures there exist théoadstof the linear and nonlinear programming, aliogv
to calculate an optimum structure. In this paper tachnology of optimization of the NPP civil stares
has been applied, developed on the basis of ABA@pld$echnologies of IOSO NM [2-4], a formula of the
method and the results of calculations are given.

Use of such system approach to a choice of optipmmaimeters for calculation of response spectra has
allowed twice as much to decrease the valuesedftsd accelerations at elevation of a transporarme in
the portal of the NPP reactor compartment with VVERO at seismic impact.
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1. Statement of research problem

Let's show working-capacity of the technology iregtion by an example of calculation of response
spectra for rather simple structure. It is a tramsportal of the NPP reactor compartment with VVER
1500. The model of the reactor compartment wittaasport portal is given in Fig. 1. In Fig. 2 thetalled
model of a portal with indication of the appliedseas, simulating a transport crane with a cargcaaratt
is given. The model is developed on the basis®fdliowing structural finite elements:

e beam element of type B31, simulating reinforcederete columns and a crossbar, as well as
metal beams;

e element of the lumped mass of type MASS, simulatilcgane, a cart and cargo;

e element of plate (S4R type), simulating a fourmhaslab;

e elements of springs (SPRING2 type) and dampers @AST type), simulating soil (springs were
also used to connect cargo and a crane) .
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Figure 1. Model of reactor compartment and transport portal.
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Figure 2. Mathematical model of a portal with indication of the applied masses.
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As an external impact, a three-component accelano@f SSE level (safe shutdown earthquake) with
magnitude quake-range of 7 according to MSK-64eswals applied to a portal foot, see Fig. 3. The
accelerograms, obtained from the initial one assalt of complete dynamic calculation of the system
including the reactor building and a portal, weppleed to the points of connection of a portal #mel
reactor building (points 1, 2, 3, 4). Calculatidresre been made with use of ABAQUS. These

accelerograms are given in Fig. 4.
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Figure 4. Accelerogram in points of metal beams support.

Dynamic analysis for SSE was made by a methodrettlintegration at multiplatform loading. Firseth
following system of the equations was solved:

KU; + cu; + mi; =0, 1)

whereu,, u’, U, are vectors of total displacements, speeds andesaatiens of the system arld, ¢, m, —
matrixes of rigidity, damping and mass of a systkmial accelerograms were considered as boundary
conditions. After solution of the equation (1), #exelerograms for the locations of a crane arattehave
been obtained. Then at the second stage on thedfdbie obtained accelerograms with use of theefbr
oscillations equation for non-conservative osalldhe response spectra were determined.

The crane mass in calculations was taken as 300dt mass — 16 t. The cargo mass (200 t) was
considered as suspended load which proceededroalyertical direction with factor 0,3. Thus, tharce
mass with cargo in a horizontal direction was eqo&60 t. Simultaneously exertion of cargo onadhe
(216 t) was considered. The detailed description

of the initial data and the results is given in [&$ a result of calculation, enveloping spectranioe soil
sets and then their expansion by 15 % in a frequearagge was taken. After on according to [6] the
expanded spectra were decreased by 15 % for rernbwahservatism due to this expansion, and
additionally by 10 % for the account of seismic wanon-coherence.

The analysis of the calculations, made with usaBRAQUS, has shown that the maximum values of
spectral accelerations in the locations of thee@e of order 100 g, and in the locations of tre the
acceleration values are of 7 g. It is quite obvithad such loading to the crane is unallowablethad=fore
strengthening of the top metal beams (locatiomefdrane) has been made. Repeated calculations of
response spectra have shown that spectral acoeterat the location of the crane have been deeceas
and amounted to 20 g. However, it has resultedarease of load in the locations of the cart, wiileee
maximum spectral accelerations were equal to niae 100 g. In order to decrease loads at the &evat
of the crane cart, it was necessary to strengtmebadttom metal beams. As a result, the valuepextsal
accelerations in the locations of the crane carelieeen dropped up to 10 g, but it has resultetcirease
of accelerations in the location of the crane iltegian. Thus, the essential influence of geomatric
properties of the top beams on dynamic respontdgediottom beams at seismic impact is obvious.
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Therefore, as a result of approximately twenty wlalions in which geometrical properties of bearageh
been changed it was possible to lower spectrale@t®mns in the considered elements of a portabup
35g. The further decrease in accelerations duaration of geometry has led to problems.

2. Method of calculation applied to problem of optimization and basic results

So, preliminary investigations showed inefficiermdythe non-system design of portal structurbak
suggested to use technology of optimization IOSO [[®M] for the case in question.

The optimization method, based on the known MorddeOmethod in the nonlinear programming, is
described in Appendix, and below the following stepcessary to find the optimum parameters aragive

a. The range of parameter changes for the structursidered is plotted.

b. These are thickness of walls and floorings, geanatcharacteristics of beams and columns,
etc. These varying parameters can be numberedritDthare.

c. Atrandom 20 points are taken (for some problenmbyar of initial points can be more) within
this range. For each of the points, correspondirdjfferent geometry of a structure, the
deterministic calculation with use of the ABAQUSwsde.

d. Further on interpolation of the calculated chanasties of a parameter from 20 points to all
points within the range of parameter change is nfi@deur case the spectral acceleration
values) and as a result the hyper surface is plotte

e. A minimum functional is determined by the specgb@ximate search method. For the
geometrical data, corresponding to this minimunigudation of characteristics of parameter
with use of ABAQUS is made, and the next poinhisaduced into the range considered. After
on calculation is repeated to find a minimum fuowél, etc. (up to 40 points).

f. Then in case of the multiparameter analysis reptace of parameters by the parameter, having
the greatest error, is made, and the process ietd#leany specified accuracy is achieved..

In the report considered the parameters, consitienathuencing on the resulting spectra within timaits
of these parameters change, have been chosen:

a. Characteristics of cross-section of the top antbbotnetal beams of box-shaped type

15m<a< 25m;
20m<b<30m;
15m<ax< 25m,

where @ — width of cross-sectiorl)y — height of cross-sectiom,— profile thickness)
b. Rigidity of vibration isolators in the referenceiqis of the top and bottom metal beams

2106/m<k<168a/m.
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Thus, dimension of optimization problem numbersa8ymg variables. To achieve the specified accuracy
0.01 it was required to make 60 calculations wik of the ABAQUS during optimization. The values of
optimum parameters are given in Table below.

Table 1. Values of optimum parameters, realizing a minimum of dynamic response in the portal elements at

SSE.
Width of cross-section of top metal beams a=25m
Height of cross-section of top metal beams b=2,28m
Thickness of top metal beam profile t=0,03m
Width of cross-section of bottom metal beams a=156m
Height of cross-section of bottom metal beams b=295m
Thickness of bottom metal beam profile t=0,03m
Rigidity of top vibration isolators k1l =1083 t/m
Rigidity of bottom vibration isolators K2 =213 t/m

The response spectra in the locations of the aaddhe cart are given in Fig.5 and 6. Responssrspe
correspond to the characteristics of beams, givdrable 1. Fig. 5 and 6 show that as a result of
application of optimization procedure an essermtiap in the spectral accelerations can be observedk
value of spectral acceleration equals to 12 g amcksponds to vertical vibrations of beams in tdeations
of the cart.
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Figure 5. Enveloping response spectra from SSE on the top metal beams (crane).
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Figure 6. Enveloping response spectra from SSE on the bottom metal beams (cart).

Investigation of a transport portal optimizatiomdse continued, having involved all possible paramse
and criteria which to some extent can influencehenresult. The account of these factors can ledlaket
further decrease in spectral accelerations.

3. Conclusions

For designing of NPP civil structures ABAQUS andhteology of multiparameter optimization IOSO have
been applied.

Use of such system approach for choice of optimararpeters with the purpose to make calculation of
response spectra has allowed to decrease twice@sthne spectral acceleration values at elevatien o
transport crane in the portal of the reactor cotnmpant of NPP with VVER-1500 at seismic impact.
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