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Abstract The aim of this study is the technical-economic analysis of buildings from 3 to 21 storey, applying different
characteristic resistance values at 28 days (fx), varying between 25 and 40MPa, with a geometric relation, in plant, of 1:1. By
means of the obtained results, it is estimated that it is possible to assist the structural design, the sizing and, mainly, to
subsidize the budgeting of the structure of buildings in reinforced concrete with the same geometric relation. The results and
data organization were obtained through structural analysis software and electronic spreadsheets. The applied research
methods were subdivided into architectural design, structural design, stability analysis, cost composition and
technical-financial analysis. With the results, it can be concluded that: (i) the increase in f value significantly altered the
steel consumption of the pillars, presenting different behaviors according to the height of the building; (II) the average
thickness of the pavements type and the consumption of mold presented a slight reduction with the increase of the value of f;
(ITI) the use of C-35 concrete results in lower overall costs for buildings up to 15 floors and C-40 concrete for buildings of 18

and 21 floors.
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1. Introduction

With the accelerated urbanization process that Brazil has
undergone in the last decades, spaces, especially the urban,
have suffered too much real estate appreciation mainly in the
central zones of the cities, which ends up making the
construction of ground buildings financially unfeasible. For
a better use of these, we have as an alternative the
verticalization, which allows gathering a greater number of
people in the same space [1].

Nowadays, increasingly tall and slender buildings
have been built due to the technological innovations in the
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engineering area, especially in structural and concrete
computational software with the highest characteristic
resistance to compression (fg) [2].

In the case of reinforced concrete buildings, the use of
concrete with higher compressive strengths results in a
reduction in the cross-section of the structural eclements,
reducing the volume of concrete to be used. However, the
adoption of these concrete with the intention of reducing
costs can be questioned due to its higher price [2].

The present work aims to study a hypothetical building
designed with ribbed slab with a 1:1 geometric relation in
plan, associating concrete with different compressive
strengths (25, 30, 35 and 40MPa) in order to check the
quantity of inputs (concrete, steel and forms). The
hypothetical building under study consists of type pavements,
varying the repetitions number (3, 5, 7, 10, 13, 15, 18 and
21).



International Journal of Materials Engineering 2018, 8(6): 142-151

2. Material and Methods

The research was developed in five stages: definition of
the architectural project respecting the geometric relation in
a 1:1 plan (20m x 20m); design of the structure and definition
of actions in the structure; dimensioning and verification of
the structural elements together with the verification of the
overall stability of the building; obtaining of the quantitative
of the inputs (concrete, steel and mold) as well as its
composition of cost; and definition of the technical and
financial parameters of the project under study.

First step - architectural design

The architectural designs contain the following
characteristics: geometric relation in a plant around 1:1, with
approximate dimensions of 20 meters x 20 meters according
to Figure 1, and height between floors of three meters.
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The differences between the buildings are only the number
of repetitions of the type pavements, which vary from 3 to 21
repetitions, classified in cases that vary from "A" to "H"
according to Table 1.

Table 1. Proposed cases in relation to the number of floors

Number of floors Height (m) Case
3 9 A
5 15 B
7 21 C
10 30 D
13 39 E
15 45 F
18 54 G
21 63 H

Second stage - Structural design, actions and uploads

The structure was conceived respecting the architectural
design and meeting all the requirements regarding the
transfer of actions and stability of the building.
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The structural design started by the positioning of the
pillars, later the external beams and the slabs. The pillars
were initially arranged around the pavement and inside the
building. As for the beams, these were leased only in the
contours of the pavement, since the use of ribbed slab
dispenses with the use of internal beams. The beams located
in the outline of the pavement delimit the outline of the slab.
The structural design is shown in Figure 2.

Figure 2. Structural design

According to the provisions of the norms ABNT NBR
6120:1980 [4] and ABNT NBR 6118:2014 [3], the vertical
acting actions were defined. Based on ABNT NBR
6120:1980 [4], the specific weights of the structural and
non-structural elements that make up the weight of the
building were defined.

For the structural elements, the specific gravity of the
reinforced concrete in unit force per cubic meter was
considered. The weight of the coating on the slabs is
composed of the weights of the subfloor and the coating in
unit of force per square meter. In the weight of the walls on
slabs or beams, the weights of the ceramic blocks, the laying
mortar and the plaster were considered in unit of force per
linear meter, according to Table 2.

Table 2. Weight of structural and non-structural elements

Elements Uploads
Structure 25 kN/m?
Coating on slabs 0,93 kKN/m?
Walls on slabs 5,50 kKN/m
Walls on beams 4,78 kN/m

The variable actions, according to ABNT NBR 6120:1980
[4], were composed of utilization overloads, divided into: 1.5
kN/m? for dormitories, rooms, kitchens, bathrooms and
canopies; 2 kN/m? for service area, pantry, laundry; 3kN/m?
for stairs and corridors with access to the public; and 2 kN/m?
for terraces without access to the public.
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The contour of the slabs is defined by the beams and, as
previously said, in projects with ribbed slabs there is no need
to use internal beams, just in the outline of the building,
creating large slabs that encompass the entire floor.

For this project, the apartments of the pavement type are
situated on only a large slab with approximately 460sqm, so
there is no possibility to distinguish the environments. For
residential buildings, the usage overload varies from 1.5 to
2 kN/m?, depending on the environment. Thus, the utilization
overhead adopted was the highest between the two cases,
2 kN/m?.

Based on NBR 6123:1988 [5], the horizontal variable
actions, derived from wind forces, were defined. According
to it, some parameters needed to be defined for the
determination of these actions. The basic wind speed was
defined for the city of Sinop/MT, being 30m/s according to
the isopleth map of Figure 3 extracted from the standard.

Figure 3. Map of basic wind speed isopleths

The topographic factor considers variations in terrain
relief. By adopting the flat or weakly uneven terrain, the
topographic factor is defined as S1 = 1.0 (Item 5.2).

Factor S2 considers the combined effect of terrain
roughness, wind speed variation with height above ground
and dimensions of the building or part of the building under
consideration. In determining factor S2, category III and
class "C" were defined.

To determine the statistical factor, the proposed cases
were classified as belonging to group 2 of item 5.4 of the
standard. Therefore, factor S3 was defined as 1.0.

The drag coefficients (Ca) were calculated for each type of
pavement by means of the abacus of Figure 4 of ABNT NBR
6123:1988 [5], considering the heights relative to each
pavement as well as the dimensions of the building plan.

In accordance with ABNT NBR 6118:2014 [3], some
parameters were defined for the structural elements:

environmental aggression - class II; covering of
reinforcements (external environments) of 2.5 and 3.0 cm for
slabs and pillars/beams respectively; maximum aggregate
diameter - 19 mm; fy (25, 30, 35 and 40 MPa); and fy, (CAS50
for beams and slabs, and CA50 and CA60 for pillars).

Third step - Analysis, sizing and structural verification

After the structural elements were released, the checks
recommended by ABNT NBR 6118:2014 [3] were carried
out.

Based on the final boundary states, concrete checks and
armor sizing were performed. Based on the service limit state,
the vertical and horizontal displacements of the structural
elements were verified.

It was sought to improve the abutments by means of the
relation of the resistant moment by the requesting moment
(Mrd/Msd), looking for dimensions with close relation of
1.0.

Taking the coefficient yz as the criterion of relevance, we
verified the effects of first and second order in the global
analysis of the structure and in relation to the displacements.

Fourth stage - Mapping of the quantitative and composition
of the cost of the inputs

After the sizing and verification of the structural elements,
the quantitative steel, concrete and forms were generated by
the structural analysis software.

Based on the SINAPI/MT table of October 2017, the
compositions of input costs, equipment cost indices and
labor productivity were made.

Fifth stage - Technical-financial parameters

After the mapping of the quantitative and the cost
composition of the inputs, the technical-financial parameters
of each building (from 3 to 21 floors) with each characteristic
resistance to the compression of the concrete used in the
project (25 to 40 MPa) were defined, in order to obtain the
best relation for each case.

The determined parameters were: steel consumption
(kgsteel/ m3concrete); consumption of molds (mzformwork/ m3concreto);
average floor thickness (in centimeters); and average cost of
the building (R$/m?).

3. Results and Discussion
Cases "A" and "B"

Steel consumption - slab element

Steel consumption for the "A" and "B" slabs decreased as
the concrete strength increased. The case "A" presented steel
consumption ranging from 127.8 Kggeet/M3concrere t0 for 25
MPa to 114.8 Kggee/ M concrere t0 fex 40 MPa, a reduction of
10.14%.

The "B" case presented steel consumption ranging from
130.5 kgsteel/m3c0ncretea to fck 25Mpa, to 115.9 kgsteel/m3concretea
to fy 40 MPa, obtaining a reduction of 11.20%. The steel
consumption data are represented by the graph of Figure 4.



International Journal of Materials Engineering 2018, 8(6): 142-151

Steel consumption of slabs
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Figure 4. Steel consumption of slabs for cases "A" and "B"

The coefficients of variation were 4.76% and 5.57% for
cases "A" and "B", respectively. The average consumption of
case "A" was 119.5 kgyee/Mconcrere and, for case "B", 120.6
kgsteel/ msconcret@

Steel consumption - beam element

The steel consumption for the beams of cases "A" and "B"
remained constant as the concrete strength increased. Case
"A" presented average steel consumption of 73.5
Kgsteel/Mconcrete With a coefficient of variation of 2.02%.

Case "B" presented average steel consumption of 75.7
Kgsteel/Mconerete With a coefficient of variation of 2.41%.

Steel consumption - pillar element

With the increase in concrete strength, the steel
consumption for the pillars in relation to the concrete
consumption in cases "A" and "B" increased.

However, these data are explained when analyzing the
volume of concrete and the mass of steel. It was noticeable
that both reduce with the increase of the resistance of the
concrete. The concrete has a more significant reduction in
relation to the steel, reaching a reduction of 46.89% in the
volume required according to Figure 5, while the steel
presents a reduction in the mass that reaches 37.32%
according to Figure 6.

Pilars concrete volume (m?)

1149
84,5
B 73,1
65.3
0 20 40 60 80 100 120

E25MPa ®30 MPa 35S MPa =40 MPa

Figure 5. Concrete volume of the pillars for cases "A" and "B"
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Pillars steel mass (kg)

8998,1
6792,1
6103.6

62632
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m25MPa ®30MPa =35MPa m40 MPa

Figure 6. Steel mass of the pillars for cases "A" and "B"

If the volume of concrete reduces at a higher rate than the
mass of steel, the ratio of steel mass per volume of concrete
(kg/m? concrete) tends to increase even with reduction in the
consumption of both inputs.

Formwork consumption

There was a slight reduction in the form consumption
according to the increase in concrete strength, as shown in
Figure 7, with a coefficient of variation of 2.58% for case
"A" and 2.51% for case "B ". The average form consumption
was 33691anormwork/ m3c0ncrete and 3972m2f0rmwork/ m3concrete for
the cases "A and B" respectively.

Formwork consumption
(m*formwork/m*concrete )
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Figure 7. Formwork consumption for cases "A" and "B"

Average floor thickness

To obtain an estimate of the volume of concrete to be used
in a building, the average thickness of the pavement is used
as a reference. This parameter considers the total volume of
concrete distributed over the total floor area.

For the proposed cases, the average thickness of the
pavement type presented a slight reduction with the increase
of the resistance of the concrete, as shown in Figure 8§,
characterizing coefficient of variation of 3.47% for case "A"
and 3.12% for the "B" case. The average thickness of the
pavement type was 21 c¢cm for both cases.
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Average floor thickness (cm)

E25MPa ®30 MPa 35S MPa =40 MPa

Figure 8. Average floor thickness for cases "A" and "B"

Average cost of building

Based on the amounts generated by the structural analysis
software and the price of inputs extracted from the SINAPI
table of October 2017, an estimated value of the structure
cost per square meter of construction, in R$/m2, was
calculated for the proposed cases, listed in Table 3.

Table 3. Average cost of building (R$/m?) for cases "A" and "B"

Case 25 MPa 30 MPa 35MPa 40 MPa Average
A 331,13 304,85 303,38 305,51 311,22
B 335,79 314,51 307,55 307,81 316,41

Note that for both cases, the C-35 concrete was the one
that presented the lowest cost. Compared with the C-25
concrete that presented the highest cost in both cases, the
economy was 8.38% for case "A" and 8.41% for case "B".

This behavior is justified because the C-40 concrete,
despite providing a reduction in the quantity of inputs, has a
higher price.

Cases "C" and "D"
Steel consumption - slab element

Analogously to the "A" and "B" cases, as the concrete
strength increased, steel consumption for the "C" and "D"
slabs declined gradually. The "C" case presented average
steel consumption of 123.5 kggeel/m>concrere With a coefficient
of variation of 4.06%. For the case "D" the reduction was
less significant, being able to be considered constant with a
coefficient of wvariation of 1.41% and an average
consumption was of 124.0 kgyee/m>concrete-

For both cases, the lowest steel consumption was found
with the use of C-40 concrete and were 123.8 kggeet/M>concrete
for case "C" and 120.5kggeel/M>concrere for "D case.

Steel consumption - beam element

The steel consumption, for the "C" and "D" beams,
remained constant as the concrete strength increased. Case
"C" presented average steel consumption of 78.6
Kgsteel/ M concrere With a coefficient of variation of 2.03%.

Case "B" presented average steel consumption of 83.4
Kgsteel/ M concrere With a coefficient of variation of 2.06%.

Steel consumption - pillar element

Similar to cases "A" and "B", steel consumption for the
"C" and "D" pillars increased as the concrete strength
increased. The "C" case presented average steel consumption
of 89.6 kggeo/M3concrere With a coefficient of variation of
5.28%.

The "D" case presented average steel consumption of 81.2
Kgsteel/ M concrete With a coefficient of variation of 7.92%.

For both cases, the lowest steel consumption was found
with the use of the C-25 concrete and were 89.8 and 81.6
Kgsteel/Mconcrete fOr the "C and D" cases, respectively.

Formwork consumption

Similar to the previous cases, there was a slight reduction
in the formwork consumption according to the increase in
concrete strength, with a coefficient of variation of 2.20% for
case "C" and 1.72% for case "D". The average form
consumption was 3.74 and 3.80 m?¢,myork/M>concrete fOI the "C
and D" cases, respectively.

Average floor thickness

For the proposed cases, the average thickness of the
pavement presented a slight reduction with the increase of
the resistance of the concrete. A coefficient of variation of
2.50% and thickness of 21 cm were obtained for the case "C"
and coefficient of variation of 2.72% and thickness of 22 cm
for the "D" case.

Average cost of building

The "C" and "D" cases presented a slight reduction in the
cost of the structure according to the increase of resistance in
the concrete until reaching its minimum value with the use of
the C-35 concrete. From the use of the C-35 concrete, the
increase of resistance increased the cost of the structure. This
behavior can be seen from Table 4.

Table 4. Average cost of building (R$ / m?) for cases "C" and "D"

Case 25 MPa 30 MPa 35MPa 40 MPa Average
C 339,66 320,99 314,72 317,64 323,25
D 345,77 336,03 329,77 330,23 335,45

The "C" case presented a coefficient of variation of 3.48%
and an average cost of 323.25 R$/m?yigine. The "D" case
presented a coefficient of variation of 2.22% and an average
cost of R$ 335.45/m2bui1dmg.

Cases "E" and "F"
Steel consumption - slab element

Similar to the previous cases, steel consumption for the
slabs of the "E" and "F" cases decreased slightly as the
concrete strength increased. The "E" case presented a
coefficient of variation of 2.35% and an average steel
consumption of 122.9 Kggee/M>3onerete-

On the other hand, the "F" case presented an average
consumption of 118.0 kggee/mM>concrere and a coefficient of
variation of 2.49%. For both cases, the lowest consumption
was obtained with the use of C-35 concrete.
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Steel consumption - beam element

Steel consumption, for the "E" beams, remained constant
as the concrete strength increased. This case presented
average steel consumption of 93.3 Kgyee/M concrere With a
coefficient of variation of 3.27%.

The "F" case presented a slight increase in steel
consumption as the concrete strength increases. This case
presented average steel consumption of 100.1 Kggee/M>concrete
with a coefficient of variation of 5.17%. This increase is due
to the drop in concrete volume being more pronounced than
the fall in the steel mass.

Steel consumption - pillar element

Unlike the previous cases, the steel consumption in the
columns, for the "E" and "F" cases, decreased with
increasing concrete strength. The "E" case presented an
average steel consumption of 82.1 Kgyee/M concrere With a
coefficient of wvariation of 2.93%. The lowest steel
consumption was 81.9 Kggeel/M>concrete, Obtained with the use
of concrete with 40 MPa of resistance.

The "F" case presented a less significant reduction, with a
coefficient of variation of 1.70% and an average
consumption of 86.1 Kggeel/M>?onerere. In this case, the lowest
consumption was 85.3 Kggeel/M>concrete, Obtained with the use
of a concrete of class C-40. The steel consumption values for
the columns are shown in Figure 9.

Steel consumption
kgaco/m*concreto

78 80 82 84 86 88 90

E25MPa #30MPa 35MPa m40 MPa

Figure 9. Steel consumption of the columns for the "E" and "F" cases

Formwork consumption

Similar to the previous cases, there was a slight reduction
in the formwork consumption as the increase in concrete
strength, with a coefficient of variation of 1.68% for case "E"
and 1.98% for case "F". The average form consumption was
3.88 concrete and 3.94m% ¢ mwork/Mconcrete fOr the cases "E"
and "F" respectively.

Average floor thickness

For the proposed cases, the average thicknesses of the type
pavements presented a slight reduction with the increase of
the resistance of the concrete, characterizing coefficient of
variation of 3.10% and 3.18% for the cases "E" and "F"
respectively. Thus, the average floor thickness equivalent to
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23 cm can be fixed for both cases.
Average cost of building

In a similar way to the previous cases, the cost of the
structure reached its lowest value with the use of C-35
concrete, according to Table 5.

Table 5. Average cost of building (R$ / m?) for cases "E and F"

Case 25 MPa 30 MPa 35MPa 40 MPa Average
E 364,05 346,56 343,45 348,24 350,57
F 372,03 359,50 349,15 350,99 357,92

The coefficients of variation of the cost of the structures
were of 2.62% and 2.91% for the cases "E" and "F"
respectively. When comparing C-25 concrete with C-35,
there is a reduction in structure cost of 5.66% for "E" case
and 6.15% for "F" case.

Cases "G" and "H"
Steel consumption - slab element

According to the increase in concrete strength, the steel
consumption for the "G" and "H" slabs decreased gradually.
The "G" case presented average steel consumption of 118.8
Kgsteel/Mconcrete With a coefficient of variation of 1.43%. For
the "H" case, the average consumption was 1164
Kgsteel/ M concree With a coefficient of variation of 2.54%.

For both cases, the lowest steel consumption was found
using the concrete with 40MPa and was 117.6 and 114.0
Kggteel/Mconcrete TOr the cases "G" and "H" respectively. This
behavior was expected because the sections of the slabs were
not altered.

Steel consumption - beam element

Steel consumption for the "G" beams increased gradually
as the concrete strength increased due to the drop in concrete
consumption being more pronounced than the reduction in
steel consumption. This case presented an average
consumption of 109.6 kggee/M>concrere and a coefficient of
variation of 4.24%.

The steel consumption, for the "H" case beams, remained
constant as the concrete strength increased. The "H" case
presented average steel consumption of 114.4 Kggeel/M>oncrete
with a coefficient of variation of 1.46%.

Steel consumption - pillar element

Similar to the "E" and "F" cases, the steel consumption in
the pillars for "G" and "H" cases decreased with increasing
concrete strength. The "G" case presented an average steel
consumption of 96.0 kgsteel/m> e With a coefficient of
variation of 14.86%. The lowest steel consumption was 79.9
kgstee/ M concrete, Obtained with the use of concrete with
35Mpa of resistance.

The "H" case presented a less significant reduction, with a
coefficient of wvariation of 10.63% and an average
consumption of 96.7 Kggeel/M>concrete- I this case, the lowest
consumption was 85.2 Kggeel/M3concrete, Obtained with the use
of a C-40 concrete.
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Formwork consumption

There was a slight reduction in the form consumption as
the increase in concrete strength, with a coefficient of
variation of 1.44% for the "G" case and 0.91% for the "H"
case. The average form consumption was 4.00 and 4.04
M2mwork/M3concrete 1O the cases "G" and "H" respectively.
This behavior was presented by all other cases.

Average floor thickness

The average thickness of the type pavement had a small
drop with the increase of concrete strength for the case "G".
The thickness ranged from 25 cm, to fy 25 MPa, up to 23 cm,
to fy 40 MPa. The mean value found was 23.8cm with a
coefficient of variation of 3.83%.

Similar to case "G", the "H" case presented a slight
reduction in the average thickness of the type pavement as
the increase of resistance in the concrete. The thickness
ranged from 26 to 24cm for the concrete 25 MPa and 40 MPa
respectively. The mean value found was 24,7 cm with a
coefficient of variation of 3.39%.

Average cost of building
For the proposed cases "G" and "H", the concrete that
presented the lowest cost was the C-40, according to Table 6.

Table 6. Average cost of building (R$ / m?) for cases "G and H"

Case 25 MPa 30 MPa 35MPa 40 MPa Average
G 392,37 373,25 367,85 364,81 374,57
H 409,33 387,44 381,35 376,89 388,75

The "G" case presented a coefficient of variation of 3.30%
and an average cost of R$ 374.57/m?yging. The reduction of
costs with the use of concrete C-40 in relation to concrete
C-25 was of 7.02%.

The "H" case presented a coefficient of variation of 3.70%
and an average cost of 388.75R$/m?yging. For this case, the
reduction in cost with the use of C-40 concrete in relation to
C-25 concrete was 7.93%.

Relationship between proposed cases Steel consumption -
slab element

The consumption of steel for the slabs remained constant
for the different variations in the number of floors, and
suffered a slight reduction with the increase of the resistance
of the concrete. When analyzing all the cases, the coefficient
of variation found was 3.70% and average steel consumption
was 120.4 kgsteel/m3concrete~

Steel consumption - beam element

The steel consumption of the beams, for cases of "A" to
"H", increased significantly as the height of the buildings
increased. Each of the proposed cases had a very different
average consumption of the other cases. The average
consumption varies from 73.5 Kgeel/Mconcrete, fOr case "A",
up to 114.4 Kgyee/M3concrete, for case "H". An increase of
55.75%. Figure 10 represents the average steel consumption
values of each proposed case.

Beam steel consumption

kgaco/m*concreto

A
B
C
D
E
F 100,07
G 109,62
H 114,41

0 50 100 150

Figure 10. Average steel consumption of each proposed case

This behavior is justified by the action of the wind and by
the second order effects resulting from these actions, in
which the taller buildings are more susceptible.

Steel consumption - pillar element

When comparing the cases of "A" to "H", we noticed a
change in the behavior of steel consumption as the increase
of resistance in the concrete.

For low buildings, cases of "A" to "D", according to the
increase of resistance in the concrete, the concrete volume
reduces at a rate higher than the reduction in the steel mass,
that is, the ratio kggee/m>.onerete has a behavior increasing as
f.x increases. As height increases this behavior changes. For
buildings from cases "E" to "H", the behavior reverses. In
these cases, the steel consumption in kggee/m’concrete
decreases as the resistance increases in the concrete. This
behavior is due to the consumption of steel in kilograms
falling in a proportion greater than the volume of concrete for
these cases. Figure 11 shows the steel consumption behavior
for the pillars of cases "B" and "H", varying f.

Pillars steel consumption
kgaco/m*concreto

95,91

107.63
102,64

H 91,18
85,22
0 20 40 60 80 100 120
m25MPa H30MPa =35MPa m40MPa

Figure 11. Steel consumption for the pillars of cases "B" and "H"

This behavior may be due to the absence of internal beams
forming portals requiring greater stiffness of the same to
contribute to the overall stability of the building.
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Formwork consumption

There was a change in average consumption of forms in
the comparison between each of the proposed cases.
Consumption increased gradually over the increase in the
number of floors, according to Figure 12.

Average formwork
(m*forma/m*concreto )

=T BT T — R o T - TS

3,70

38 39

Figure 12. Average formwork consumption

The average consumption was 3.85m ¢y mwork/M>concrete, aNd
the coefficient of variation was 3.44%.

Average floor thickness

It was observed, with the comparison between the
proposed cases, which the average floor thickness increases
proportionally to the height of the building, with a coefficient
of variation between the means of the cases of 6.32%. The
average thicknesses varied from 20.8cm, for case "A", up to
24.7cm, for case "H", according to Figure 13.

This behavior occurs because taller buildings are more
susceptible to second-order effects generated by wind action.

Average thickness of the pavement type
(cm)

o oM E Y A e

18,00 20,00

Figure 13. Average thickness of the pavement type

Average cost of building

For the cases studied, it was observed that for case "A",
the C-30 concrete presented better economic performance.
As for the "B" cases until the "G" case, the C-35 concrete
presented the lowest cost for the structure. The "H" case
presented the lowest cost with the use of C-40 concrete, but

with a savings of only 0.76% compared to C-35 concrete.

It was also observed that, as the increase in height occurs,
the price of the structure per square meter of building
increases. Figure 14 shows the average cost of each case.

Average structure cost
(RS/m*edification)

311,22

374,57
388,75

=B BTN T~ I TN - -

275,00 325,00 375,00

Figure 14. Average cost of the structure for each proposed case

This behavior is justified by the action of the wind and by
the second order effects resulting from these actions, in
which the taller buildings are more susceptible.

4. Conclusions

The importance of choosing f for the elaboration of
structural projects was verified with the results obtained
through this study. A relation between the cost of the
building and the characteristic resistance to the compression
of the concrete adopted was perceived.

The variation of f did not cause significant changes in
steel consumption in the beams. This altered only with the
addition of pavements. Also, regarding the steel
consumption, no significant changes were observed in the
slabs, neither with the variation of the f., nor with a change
in the height of the building.

As for the pillars, the steel consumption changed
significantly with the increase of resistance in the concrete,
and these alterations presented different behaviors the bigger
the number of pavements in the building. As f increased,
the mass of steel in relation to the volume of concrete, for
buildings up to 10 floors, rose. Already for buildings of 13 to
21 floors, a reduction occurred.

The structural elements that presented the most significant
reduction in concrete volume with increasing f; were the
pillars, but this reduction was not very significant in a global
way. The thickness has slightly increased with the increase in
the number of floors due to second order effects.

More resistant concretes, despite having a higher cost,
provide a reduction in the consumption of inputs of the
structure, generating the question of which characteristic
resistance to compression provides the lowest cost in a
global way. From the data obtained in this work, it was
verified that for the proposed cases, from 3 to 15 floors, the
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C-35 concrete presented Dbetter technical-economic
feasibility. Already for the cases of 18 and 21 floors, C-40
concrete was more effective.

The present work provides data to facilitate the study of
the feasibility of similar projects in all regions, where the
basic wind speed is 30m/s, in order to guarantee the choice of
the concrete with characteristic resistance to compression
that provides maximum economy. The designs of
multi-storey buildings have many peculiarities, making it
impossible to generalize quantifications. Thus, we suggest
the continuity of research on the subject addressed.
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