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Abstract

In the article it is proposed to use optimization methods for the flat slab reinforced concrete frames design in order to reduce the rein-
forced steel and concrete costs during the construction. The use of flat slab reinforced concrete frames is a promising direction for
providing citizens with affordable housing. It is proposed to implement rational design of flat slab reinforced concrete building frames
using the methods of structural-parametric optimization and discrete-continuous mathematical programming. To solve the problem, con-
ditional optimization methods are applied. The algorithm for calculating the frame of a multi-storey building has been developed. The
algorithm is implemented by available means and does not require the creation of special computer programs. The author of the article
implements a combination of discrete and continuous optimization methods for reinforced concrete structures calculation. This method
application allows to design efficient flat slab reinforced concrete frames for the affordable housing construction.
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1. Introduction

One of the main problem of affordable housing modern construc-
tion is houses cost reduction by their construction complexity
reduction, materials cost savings, energy-efficient enclosing struc-
tures use. One way to solve this problem is use of advanced build-
ing structures. The most common system for housing is a wall
system that allows to build houses up to 25 floors in height when
bearing walls are crossed. Walls in such a system have functions
of fencing and holding vertical loads and simultaneous stiffening
diaphragms functions. Such a system is effective in terms of
providing building rigidity, stability and bearing capacity, but it is
irrational from the standpoint of architectural planning, material
consumption and energy saving. Only with a transverse or longi-
tudinal arrangement of the bearing walls, the building individual
technical and economic indicators can be improved, but the num-
ber of floors, depending on the absence or presence of stiffening
diaphragms, is limited to 10 or 17 floors, respectively.

The growth of requirements for energy saving in multi-storey
buildings aggravates the contradictions associated with the
strength and resistance of wall materials heat transfer, therefore
attempts of separating the walls load-bearing and enclosing func-
tions are reasonable. This problem solution is possible with the
use of reinforced concrete high-rise frame houses. Such frame-
work elements as columns and rigidity diaphragms are designed
only to bear the vertical and horizontal load and non- bearing
walls are made of effectively energy-saving materials.

The prototypes of the frame constructive system are framed,
braced and braced framed systems. These prototypes can be either
beam or girderless.

Beam frames with separate support of plates on girders and girders
on columns consoles were not widely used in residential construc-
tion, but their prefabricated monolithic systems with

Integrated beam-plate were developed in such systems as Sochi,
SARET, RADIUSS "Arcos","KUB"[1], "Kazan XXI* and they
were applied in housing construction. Also recently, flat slab
frames, consisting of flat slab floors and columns without cantile-
vering, have become widespread.

2. Purpose

In this article, optimization approach to the monolithic flat slab
reinforced concrete frames design in order to reduce the costs of
reinforcing steel and concrete during their construction is pro-
posed.

3. Methodology

Flat slab column conduits (Fig. 1) are the simplest structures con-
sisting of uniform thickness reinforced concrete slabs and constant
cross section columns. This design simplifies formwork and con-
creting; its use is economically efficient where there is no need for
arranging suspended ceilings for engineering services. For the first
time such slabs were applied in 1940 during houses building in the
cities of Newark and Atlantic City (USA) [4]. Then this slab de-
sign was widely used in Australia [5]. Today, there are many ex-
amples of efficient application of such constructions, both at new
housing construction and in the process of reconstruction. Among
them, industrial flat slab frame (the system of the "CUBE" type) is
standing out in a particularly convincing manner. It has been ap-
plied since the late 60s of the previous century, and today it has
undergone many modifications in the process of its application for
solving the targets of the program on providing people with low
cost housing. (Fig. 2)
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Fig. 1: RC flat slab column conduit

In March, 2008, according to the design of the State Urban Devel-
opment Design Institute "Miskbudproekt”, within the pilot exper-
imental building program, first in Poltava, the advanced "CUBE"
system [1] was applied in low cost housing buildings as well as in
buildings for other purposes (Fig. 3).

Fig. 2: RC precast flat slab column conduit:

1 — column drops; 2 — intercolumnar plates; 3 — central plates.

N

Fig. 3: Residential, 16-storeyed house in the city of Poltava

Due to the fact that with flat slab structures, the columns have a
constant cross-section, it is easy to connect them with the walls
and parting walls between the columns. Therefore, they are con-
venient for residential buildings and administrative buildings.
When using flat slab frames in houses monolithic construction, the
columns location, the spans size, the elements sections dimensions
are not strictly regulated, so the search for the optimal values of
these parameters is possible.

Optimal design is a targeted choice of design parameters, which
enables to get the best result by a certain criterion. To solve such
problems, optimization methods are advisable to apply, that makes
it possible to consider the influence of various factors simultane-
ously. Optimization is the process of setting the object in the best
condition. Such a process requires a model mathematical model, a
target function, and an optimization algorithm (Fig. 4). The objec-
tive function sets the requirements for the object. The optimization
algorithm should provide the search for the extremum of the ob-
jective function. For the development and study of optimization
algorithms, mathematical programming methods are used. Opti-
mization tasks can be divided into parametric, structural, and
structural-parametric. Today, the problems of parametric optimi-
zation or the so-called parametric synthesis are studied better, and
methods of structural-parametric optimization are still at the initial
stage of development.
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Fig. 3: The structure of the optimization process
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Fig. 4: Options for the columns placement relative to external walls: a -
outside the building; b - in the wall plane; in - near the wall; r-in the mid-
dle of the building; 1 - column; 2 - outer wall; 3 — floor slab

The design of external columns or pillars depends on their location
relative to the external wall. The column can be located in front of
the external wall, within it or inside the building (Fig. 5). The
location of the structures in front of the outer wall (Fig. 5a) may
be dictated by the requirements: architectural, planning (increase
in free floor space), simpler design and execution of external walls,
partitions, engineering communications simplified arrangement at
the walls, fire protection structures simplification etc. On the other
hand, for columns located in front of the outer wall, the design and
cladding problem occurs because they perceive large temperature
drop compared with the building internal volume, in particular, a
cold bridge at the floor slab junction with the outer walls may
occur. The columns arrangement in the outer wall plane (Fig. 5, b)
is used mainly in massive structures, when the columns are con-
nected to the outer wall masonry.

When the columns are located at the outer wall from its inner side
(Fig. 5, ¢), the outer wall structure is simplified; there are no cold
bridges and large temperature drops, however, in this case, com-
plications with partition structures and communications placement
may occur. With the columns arrangement inside the building (Fig.
5, d), the floor structure has a console, which allows to reduce
bending moments in the floor, the wall structure is more uniform,
there are no cold bridges.

5. Results

For rational design of buildings flat slab reinforced concrete
frames it is proposed to implement the structural-parametric opti-
mization and discrete-continuous mathematical programming
methods. Optimization is carried out using mathematical pro-
gramming algorithms. In the process of structural-parametric op-
timization, the elements parameters are included in the frame and
its structure change.

The optimization methods application to the solution of the flat
slab ceilings cost reducing is given in the following papers [6-8].
The authors used special algorithms and developed computer pro-
grams.

The problem is to design girderless flat slab floor construction of

the minimum cost for a building with sizes B x L . The concrete
and reinforcement costs depend on the spans number ny ,
Ny and size | Iy, the slab thickness hy , the columns sup-

porting the ceiling number (Fig. 6).
The objective function is the reinforcement and concrete cost sum
for the entire frame

C =(BLhs+hZHen)C.+7.85C, 2V . @)
i=1

where he — column cross section height; Hr — floor height; nc—
total number of columns in the building; Cc — concrete price per
cubic meter ; Cs — reinforcement price per tonne; \/ ¢ is the rein-

forcement volume for slab individual sections

V= Asal sal y(Ny +1)

V52 = Asal seal yny

Vs3=0,5Agal seal yn( Ny +1)

Vs =0,5Agual sxal ynxny

V55 =0,5Agsl sl (N, —1)(N, +1)
V56 = 0,5 Asesl skl y(Ny, —1)ny
V7= Agal gl (0, +1) @
V 58 = Asy2l sy2l xNx

V s0=0,5Ag3l g3l xny(N, +1)

V s10 = 0,5 Agyal syl xnyni

Va1 =0,5Agsl sl X(ny_l)(nx +1)
V512 =0,5Ag6l syel x(N, —1)nx
Vs13= AscH 7N

Figure 7 shows the results of objective function (1) analysis for
the different reinforcement percentage.

It seems reasonable to take kinematic limit equilibrium method as
a basis of calculation [4], which is generally described by the bal-
ance between the virtual work of external and internal efforts in
the possible relevant movements in the direction of the load g, Pj
and effort Mi:

k n
qu-q-dA+_ZlP,-y,-=§Mi-¢i-|i, ®)
A i= i=

where yq - plate’s moving due to the load; q, Yi,- plate’s moving
under the load Pj; Mi — moment in the i- linear plastic hinge per a
unit of its length; ¢i - angle of the disc turn in the i- linear plastic
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hinge; Ii - length of the i- plastic-hinge; n - the number of linear
plastic hinges sites under consideration.

The reinforcement areas Asi are determined for each section ac-
cording to the recommendations given in [2].
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Fig. 6: Variable design parameters of the monolithic flat slab frame
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Fig. 7: The costs of reinforced concrete overlap C depending on the per-
centage of reinforcement p

The reinforcement areas Asi are determined for each section ac-
cording to the recommendations given in [2].
The variable parameters |, and Iy are continuous values, ny

and ny - are discrete values. It is proposed to take overlap spans

Ix and |, as optimization parameters, while other components

of the objective function depend on them functionally. The num-
ber of spans in the direction L and B is determined by dependen-
cies

S

: 4)
-| B
”V‘M J
y
where the formula |_ J is the integer part of the fraction.
The columns number is determined by the formula
ncz(nx+1)( ny+1) . (5)

In the process of calculating it is necessary to check compliance
with the conditions of crack resistance and plate deformability.
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Condition (6) is a limitation in the conditional optimization algo-
rithm for the objective function (1).

To solve the optimization problem, the Solver program built into
the MS Excel spreadsheet was used. The conditional optimization
procedure in Excel 2007 is called by the "Data / Analysis / Search
for a solution" command. The result of the optimization problem
solving is the parameters values Ag, Iy, Iy, nyand ny for

which the objective function (1) is minimal.

6. Conclusions

1. Based on the methods of conditional optimization, algorithms
for rational design of building flat slab reinforced concrete frames
are developed.

2. The developed algorithm makes it possible to determine rational
parameters of elements that are part of framework using structur-
al-parametric optimization methods.

3. To implement the algorithm, the available Solver program as
part of the MS Excel spreadsheet processor was applied.
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