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ABSTRACT
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The paper aims to investigate the bending behavior and free vibration of the concrete-steel composite floors, including high
temperatures. The inspected properties are analyzed for the maximum displacement, load capacity, energy absorption
capacity, and acceleration by using bending tests for varying stud density and elevated temperatures. Withal, bolts are used
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as studs throughout this study. The result of bending tests implies that, decreasing the spacing of the studs and the addition

of mesh reinforcement and steel fiber will increase the energy absorption and maximum load capacity of the steel composite
floors. Besides, the increasing the stud density reduces the vibration response of the composite floors, and the mesh
reinforcement eliminates the efficiency of the steel fiber on the vibration response of the steel composite floors. Meanwhile,
increasing the steel-fiber content causes the reduction in the vibration response of the slabs exposed to high temperatures.
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1. Introduction

Steel composite floors are considered as an alternative to the commonly
used conventional reinforced concrete floors. Steel composite floors are
generally preferred in recreational, commercial, industrial, and residential
buildings due to their fast construction process and safe and economical
construction methods. Structurally, composite flooring meets all needs in terms
of providing the sufficient strength and durability stipulated by the standards.
Composite floors consist of steel sheets, plain or reinforced concrete, and
connectors. The strength and ductility of the steel-concrete composite floors
depend on various factors such as the geometry of the profiled sheeting, layout
and position of the connectors used to ensure composite action between the steel
sheeting, the reinforced concrete, and the thickness of the profiled sheeting [1-
4]. In addition, steel composite floors, which can also be used as reinforcement
elements in structural systems, can also resist bending (positive and negative
moment) moments in both directions [5]. Steel sheet, which is one of the
components of steel composite flooring, can be used not only as a mold but also
in cases where tensile stresses are intense [6]. In addition to materials such as
steel sheet, conventional concrete and studs that make up the composite flooring,
it is also aimed to reduce the stresses and vibrations caused by possible bending
of the flooring by using steel fiber in the flooring. Steel fibers increase the shear
and bending strength after cracks occur, allowing effective stress to spread
uniformly between these cracks [7]. Studs are widely used in structures to meet
the shear forces between composite materials, especially at the floors. The
dynamic and/or static loads result in the shear force and bending moment at the
floors. In addition, it can be exposed to environmental vibration, earthquake,
wind, explosions and vibration, caused by machines on the floor. Such
vibrations can cause undesirable deflections and horizontal displacements in the
structure. Furthermore, these vibrations negatively affect human comfort and
can also damage some important equipment in the building [8]. Therefore, floor
vibrations must be considered in the structural design or evaluation [9].

In recent years, the composite floors have been in great demand, due to their
light weight, affordability, and ability to respond to natural disasters, such as
earthquakes. However, the free or forced vibration behavior of composite floors
is a very familiar phenomenon. The most common practice to improve the
quality of composite floors is to identify and suppress the unwanted vibrations,
as vibration can cause discomfort, serviceability problems, and direct failure of
the structure.  Several studies on the determination of the dynamic
characteristics of the structural floor systems have been performed with an
emphasis on the natural frequencies of the floor systems. Ferreira and Fasshauer
[10] performed a study on the free vibration of symmetric composite plates
based on an innovative numerical scheme. The results of different thickness-to-
length ratios were determined and discussed in the study. Ju et al. [11] performed
experimental tests to measure the natural frequencies and damping ratios of a

new composite floor system. The composite floor systems consisting of steel
beams and concrete slabs were examined, and the results were compared with
the design codes to evaluate the serviceability of the system in three construction
stages (steel erection stage, concrete casting stage, and finishing stage).
Gandomkar et al. [12] experimentally and numerically investigated the effect of
parameters such as screw spacing, steel profiled sheet thickness, and dry board
thickness on the natural frequencies of a composite floor system by the name of
profiled steel sheet dry board (PSSDB). Furthermore, Gandomkar et al. [13]
measured the natural frequencies of profiled steel sheet dry board floors infilled
with concrete (PSSDBS). Hector and Fernando [14] conducted an experimental
study to determine the shear behavior of composite slabs according to Eurocode
4. In order to examine the shear behavior, cracks were observed with cyclic
loading in composite slabs designed differently from each other. Hick et al. [15]
investigated the contribution of the use of studs to the shear resistance of
composite slabs formed with steel profiles with a span of 11.4 m. The results
showed that the effect of stud should be considered in three-point bending tests.
Costa-Neves et al. [16] specified the modes of vibration and natural frequencies
of the composite steel deck floor system in a multi-story, multi-bay building.
They used the system's natural frequencies to determine its comfortableness.
Jarner©et al. [17] experimentally investigated the natural frequencies, mode
shapes, and damping ratio of a prefabricated timber floor system in unusual
boundary conditions and different construction stages. The main concerns about
composite slabs are mostly focused on the shear bond, shear resistance, flexural
strength, and slip behavior, including cast screws [11, 12, 16, 17]. Holomek et
al. [18] conducted a series of experiments to investigate the effects of cast screws
diameters and structural element layouts on the bending capacity of composite
slabs. The results showed that small-diameter screws were effective at small
shear forces, while large ones were efficient at-large shear forces.

This study aims to investigate the effect of the shear stud density on the
vibration response and bending behavior of the steel composite floors, including
the post-fire response. Meanwhile, the spacing of the studs, steel fiber content,
and the mesh reinforcement were considered as the parameters of the
investigation. The high-temperature, steel fibers, stud density, and
reinforcement effect with free vibration for bending are inspected, also.

2. Experimental work
2.1. Material properties and specimens

In this investigation, 18 steel-concrete composite floor models were
prepared using three types of concrete mixes (conventional concrete and two
types of steel fiber reinforced concrete). The concrete mixes was produced
according to the Turkish Standard TS802 [19], using CEM II/A-M(P-LL) 42.5
R cement and 16 mm maximum size aggregate. The hooked steel fiber (Fig. 1a)
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with the geometric dimension of length (L) = 35 mm, diameter (d) = 0.55 mm,
and the aspect ratio (L/d) = 65 with a nominal tensile strength of 1.345 MPa and
young’s modulus of 2x105 MPa was selected according to TS/EN-14889-1 [20].
The amount of steel fiber for the steel fiber reinforced concrete (SFRC) was
chosen as 30 kg/m?® and 60 kg/m® of the total volume of the model. The no-fiber
type reference samples presented a compressive strength as 50 MPa, where the
similar strength values were 48 and 43 MPa for the samples with 30 kg/m?® and
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60 kg/m?® steel fibers, respectively. The galvanized cold-formed steel sheet was
used with the dimensions of 860x27x0.5 mm, for the floor decking of the models.
M6*80 mm pan-headed bolts with EPDM bonded sealing washers were used
for strengthening the shear bond between concrete and the steel sheet (Fig. 1b).
To observe the stud density effect, the spans for bolt-type studs are designed for
22 and 55 cm. Furthermore, for the models, the Q188/188 mesh reinforcements
(Fig. 1c) were used according to TS4559 [21].

(c)

Fig. 1 Composite floor components used in the study

In this investigation, there are two groups of models. The first group of
models includes 12 steel-composite floors fabricated with an aspect ratio of 0.8
(1500 mm x 1200 mm), and the second group includes 6 with an aspect ratio of
0.92 (760 mm x 700 mm). The second group of the models is designed according
to high-temperature furnace for three hours of 600 °C (6 hours from room

temperature to 600 °C, 3 hours at 600 °C, and 8 hours from 600 °C to room
temperature). The thickness of all the models is considered as 110 mm. The type
of concrete, the spacing of the bolts, and the reinforcement are the main
variables of the models. The specifications and dimensions of the models are
presented in Table 1 and Fig. 2.

Table 1
Properties of composite floor models
Model Code Type of Concrete Steel Fiber Ratio in Bolts Spacing Mesh Reinforcement
(Compressive Strength) Concrete (Kg/m®) (mm)
Group 1 of Models (1500 mm x 1200 mm)
cca22Mm 0 220 With Mesh
CC55M 0 550 With Mesh
Conventional Concrete
CC22 0 220 Without Mesh
CC55 0 550 Without Mesh
30SFRC22M 30 220 With Mesh
30SFRC55M 30 550 With Mesh
30 kg/m3 SFRC
30SFRC22 30 220 Without Mesh
30SFRC55 30 550 Without Mesh
60SFRC22M 60 220 With Mesh
60SFRC55M 60 550 With Mesh
60 kg/m® SFRC
60SFRC22 60 220 Without Mesh
60SFRC55 60 550 Without Mesh
Group 2 of Models (760 mm x 700 mm)
FCC22M 0 220 With Mesh
Conventional Concrete
FCC22 0 220 Without Mesh
F30SFRC22M 30 220 With Mesh
30 kg/m3 SFRC
F30SFRC22 30 220 Without Mesh
F60SFRC22M 60 220 With Mesh
60 kg/m® SFRC
F60SFRC22 60 220 Without Mesh
Model Code
Steel Fiber Reinforce Concrete Bolt Spacing
: Bolt Spacin :
Exposed to High i o pacing Mesh Reinforcement

Temperature (600 °C) y £ 60SERC 22

Conventional Concrete l
X
22

"\
cC
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Fig. 2 Geometric dimensions of tested models (a) Group 1 (b) Group 2 (c) Composite floor bolt detail
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Table 2
Concrete mixing ratios
Sand (0- Aggregate Steel
Concrete type ier?rigt 4 mm) (4-16 mm) ‘Q";‘;ﬁ; fiber
g kg/m® kg/m?® 4 kg/m®
Conventional 370 448.54 1345 206.614 0
concrete
30SFRC 365.317 442.87 1328.47 204 30
60SFRC 360.64 437.2 1311.45 201.4 60

2.2. Test setup and procedure

2.2.1. Concrete experiments

As the main component of the composite floors, the concrete, with or
without fibers, was tested for the mechanical properties. The concrete mixture
calculation was made according to TS 802 [19] (Table 2), and a total of 18
concrete samples were prepared to be placed in 15x15x15 cm cube, 10x10x40
prism and 10x20 cylinder molds (Fig. 3a). The obtained concrete samples were
kept in a curing environment at 22 <C for 28 days and subjected to compression
and bending tests. The compression and bending tests were realized according

to TS EN 12390-3 [22] and TS EN 12390-5 [23], respectively. Then, relevant
tests were also repeated for the samples with the 30 or 60 kg/m? steel fibers. The
placement of the studs to the steel sheet before concrete pouring is shown in Fig.
3b and after the concrete is poured, the composite floor is presented in Fig. 3c.
The 28 days- compression and flexural test results of three mixtures are given
in Table 3. Furthermore, the stress-strain curves of samples observed from the
compressive strength tests are also shown in Fig. 4. The mean value of three
samples was used while drawing the stress-strain curve.

Table 3
Hardened concrete test results

Compressive strength Flexural strength

Concrete Conventional 30SFRC  60SFRC Conventional 30SFRC  60SFRC
type/Sample concrete concrete

Sample 1 50.42 49.81 42.35 3.80 4.44 4.32
Sample 2 46.95 47.15 41.67 4.15 4.33 4.64
Sample 3 50.08 46.71 44.40 4.09 4.20 4.84
Average 49.15 47.89 42.81 4.01 4.32 4.60




Sadig Ahmad Afzali et al.

Fig. 3 Concrete mixture experiments: a) Concrete poured into cube, cylinder and prism molds b) Placement of the studs to the sheet steel without concrete c) Model composite floor
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Fig. 5 The bending test setup, the positions of LVDTSs, and strain gages of the models (all units are mm)
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2.2.2. Bending test setup

The bending tests were to measure the bending capacities and
corresponding deformations of composite floors formed with different fiber
ratios and mesh reinforcements. The effects of steel fibers, stud placement, high
temperature, and mesh reinforcements on the bending capacities, and the
deformation abilities of the slabs were determined by bending tests. The
orientation and the drawing of the experimental setup can be seen at Fig. 5. Thus,
the hydraulic pump with a load capacity of 1000 KN is in a position to apply a
uniform load to the entire floor resting on two horizontally placed supports (Fig.
4a). The bending tests of the models were prepared according to the Eurocode-
4 [24]. To measure the vertical displacement of the models, the LVDTSs (Linear
Variable Displacement Transducers) were placed vertically in three positions
under the floor systems. Besides, the strain gauges were attached to each model

1

[Accelerometer
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to measure the deformations of the steel sheet. Fig. 5 shows the bending test
setup, the positions of LVDTSs, and strain gages of the models.

2.2.3. Vibration test setup

The accelerometer tests were applied to measure possible vibrations that
may occur on the samples. The effect of steel fibers, placement of studs, high-
temperature, and mesh reinforcements on vibrations have been investigated, by
using accelerometer data for the region where the sample would likely deflect
the most (Fig. 6a). The vibration test experimentation is shown in Fig. 6b.
Within the light of the literature, the digital accelerometer (CMG-5TD) was
placed to area, where the moment is maximum [25]. The sensor was positioned
and fixed using the provided screws to the surface of the model and connected
to the PC.

»‘11°+
H

212

“
‘

4

Fig. 6 The vibration test setup: a) Placement on slab of accelerometer b) Application of vibration test

2.2.4. High temperature related experiments

In this part, the models were kept at 600 <T for 3 hours to observe the
changes in bending capacities and vibration parameters, when the samples with
different steel fiber contents and exposed to high temperatures. For this
experiment, a digitally controlled high-temperature furnace with a heating

(a)

capacity of 1200 <C was used. After the models were kept at 600 <C for 3 hours.
Then, they were removed from the high-temperature furnace, after getting
waited to cool down to room temperature (8 hours from 600 °C to room
temperature), for the vibration and bending tests. Fig. 7a and Fig. 7b shows the
high-temperature furnace, and the models placed.

Fig. 7 High-temperature experiments: a) high-temperature furnace b) models in the furnace
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3. Results and discussions

3.1. Bending test
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3.1.1. The effect of bolt spacing on the behavior of the composite floors

Fig. 8 is obtained according to the bending test results. As shown, the
decreasing stud (bolt) spacing increased the bending and energy absorption
capabilities, as the fiber ratio increase.
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Fig. 8 Load-displacement graph for CC55, CC22, 30SFRC55, 30SFRC22, 60SFRC55 and 60SFRC22

Table 4
The effect of bolts spacing on the behavior of composite floors
Energy Absorption Difference in Energy . Maximum Displacement at the center point
Model Code (kN*mm) Absorption (%) Maximum Load (kN) (mm)
CcC
CC55 2415.35 77 8
+7.46
CC22 2595.56 90 14
30SFRC
30SFRC55 3204 74 2.6
+1.62
30SFRC22 3256 82 9
60SFRC
60SFRC55 4821.51 99 16
+12.97
60SFRC22 5447.15 106 20
180 ° -~ = 60SFRC22
1 o @ 60SFRC22M
160 + \ A 30SFRC22
1 \ v 30SFRC22M
1401 -+ CcC22
] —<— CC22M
120
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E J
< 100 AN
: g,
-l
D gl
T T T T T T T T T 1
10 20 30 40 50

Displacement (mm)

Fig. 9 Load-displacement graph for CC22 and CC22M, 30SFRC22, 30SFRC22M, 60SFRC22 and 60SFRC22M
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3.1.2. The effect of mesh reinforcement on the behavior of composite floors
According to the results of the bending tests, it has been determined that the
bolt spacing is at 22 cm, which has the highest bending, displacement and energy
absorption capacity. Therefore, to determine the effectiveness of the mesh
reinforcement, the models with a bolt spacing of 22 cm were taken as a reference
in the test results. As seen in Table 5 and Fig. 9, the energy adsorption capability
was increased by 43.47% for the conventional concrete models. Withal, these
increments were 21.16%, and 31.34%, for the steel fiber reinforced ones with
30 kg/m® and 60 kg/m® respectively. The displacements of the CC22 and
CC22M models were increased linearly in the loading interval of 0-90 kN and
0-150 kN. The displacements corresponding to the maximum load for CC22 and
CC22M models were determined as 14 mm and 17 mm, respectively. Similarly,
the displacement at the center points of 30SFRC22 and 30SFRC22M models
increased linearly in the loading interval of 0-82 kN and 0-80 kN. The
displacements corresponding to the maximum load for the 30SFRC22 and
30SFRC22M models were determined as 9 mm and 18 mm. Furthermore, the

Table 5
The effect of mesh reinforcement on the behavior of composite floors
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displacements of 60SFRC22 and 60SFRC22M were increased linearly in the
loading interval of 0-106 kN and 0-176 kN, and the displacement corresponding
to the maximum load for 60SFRC22 and 60SFRC22M were 20 mm and 24 mm,
respectively.

The maximum load capacities were increased by 62.85%, 64.66%, and
65.56% for the CC, 30SFRC, and 60SFRC models. Furthermore, the
displacements at the maximum load were increased by 32.96%, 216.58%, and
2.63% for the CC, 30SFRC, and 60SFRC samples. The bending tests have
shown that, the use of mesh reinforcements in combination with steel fibers in
composite flooring gives higher bending and displacement capability, then the
ones with conventional concrete. Although, the increase in the amount of steel
fiber in composite floors with mesh reinforcement did not change the bending
capacity much, it was determined that, the displacement capacity decreased
significantly. In addition, the after-test photos of the samples (failure mode) are
shown in Fig. 10.

Energy Absorption

The difference in Energy

Maximum Displacement at the

Model Code (KN*mm) Absorption (%) Maximum Load (kN) center point (mm)

CC22 2595.56 90 14
+43.47

CC22M 3723.86 150 17
30SFRC

30SFRC22 3256 82 9
+21.16

30SFRC22M 3945.06 140 18
60SFRC

60SFRC22 4089.97 106 20
+31.34

60SFRC22M 5371.65 176 24

-

UL LT

Fig. 10 Failure mode of tested samples a) CC22 b) CC22M c) 30SFRC55 d) 30SFRC55M e) 60SFRC55
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3.1.3. The effect of steel fiber reinforcement on the behavior of composite floors

As seen in Table 6, when the steel-fiber is added to the mixture, the energy
absorption capacity is increased by 25.45 % for the models with 30 kg/m? steel-
fiber, where this increment was 57.58 % for the ones with 60 kg/m? for the steel-
fibers. The maximum load capacity of the composite floors were decreased by
8.89% and increased by 17.78% for the 30SFRC and 60SFRC models. The
displacements at the maximum load were decreased by 35.71% and increased
by 42.86% for the 30SFRC and 60SFRC models. As expected, increasing the
steel fiber content to 30 kg/m® resulted less load carrying capability, but greater
deformation capability, when compared to conventional concrete models.
Which means, more permanent deformation and more energy absorption
capability without sudden collapse.

Table 6
The effect of steel fiber reinforcement on the behavior of composite floors
The .
. . Maximum
Energy difference in Maximum Displacement at
Model Code Absorption Energy P -
J Load (KN) the center point
(KN*mm) Absorption (mm)
(%)
CC22 2595.56 - 90 14
30SFRCC22 3256.00 +25.45 82 9
60SFRCC22 4089.97 +57.58 106 20

Fig. 11 shows the load displacement at the center point of the models. The
displacements of the CC22, 30SFRC22, and 60SFRC22 models were increased
linearly in the 0-90 kN, 0-82 kN, and 0-06 kN loading ranges. If it is desired to
create composite flooring with only steel fiber reinforcement, without the use of
mesh reinforcement, it is foreseen that the amount of fiber should be adjusted
optimally. Because, it is obvious that the energy absorption capacity, bending
strength and permanent deformation of the model with 60 kg/m?® steel fiber
content was higher than that of the one with 30 kg/m?® steel fiber content. In
addition, the permanent deformation without sudden load changes of the model
containing 60 kg/m® steel fiber and loss of permanent deformation ability, as
sudden load loss for the one with 30 kg/m?® steel fiber indicates the optimum
amount of the steel fiber.

Fig. 12 has been drawn to compare the energy absorption, load carrying,
and permanent strain capacities of the Group 1 samples concerning each other.
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As shown in Fig. 12a, the flooring with the highest energy absorption capacity
was the model with 60 kg/m? steel fiber content, 22 cm bolt (stud) spacing, and
no mesh reinforcement. In this case, it is understood that the steel fiber and the
bolt spacing contribute significantly to the ductility of the flooring. In Fig. 12b,
it is seen that the composite flooring with 60 kg/m® steel fiber content, mesh
reinforcement and 22 cm bolt spacing has the highest load-carrying capacity. It
has been determined that the increase in the amount of steel fiber, the reduction
of the bolt spacing and the use of mesh reinforcement increase the load capacity
of the flooring. In Fig. 12c, it is observed that the composite flooring with 60
kg/m® fiber content, no mesh reinforcement and 22 c¢m bolt spacing has the
highest displacement capacity. It has also been determined that the
displacements of the model, in which the steel fiber and mesh reinforcement are
used together, are not much different from the displacements of the only
conventional concrete-containing model.
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Fig. 11 Load-displacement graph for CC22, 30SFRC22 and 60SFRC22
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Fig. 12. Bending test results of the 1st group samples: a) energy absorption b) Capacity of load c) Capacity of displacement

3.1.4. The effect of mesh reinforcement and steel fiber reinforcement on the
behavior of models exposed to high temperatures

The load-displacement graph of the models exposed to high-temperature is
shown in Fig. 13. The displacements of the FCC22, FCC22M, F30SFRC22,
F30SFRC22M, and F60SFRC22 models increased linearly with increasing the
load up to 61 kN, 108 kN, 88 kN, 129 kN, and 105.88 kN respectively. The
displacements corresponding to the maximum load of these models were
determined as 20 mm, 13 mm, 14 mm, 14 mm, 19.8 mm and 8 mm.

As shown in Table 7, when the mesh reinforcement is added to the models,
the effect of elevated temperature to energy absorption capacity is increased by
52.26 % in conventional concrete, by 39.07 % for the models with 30 kg/m?®
steel fibers, and by 22.92 % for the ones with 60 kg/m? steel fibers. After the
high-temperature process, the observed maximum load was increased by for the
CC model. However, the same observation for the 30SFRC, and 60SFRC
models were indicated an increase by 46.59% and 28.45%, respectively. When
the steel fiber is added to the concrete mixture, the energy absorption capacity
is increased by 61.86% and 121.09% in 30 kg/m? reinforced steel fiber concrete,
and 60 kg/m® reinforced steel fiber concrete. Besides, the maximum load
capacities of the models were increased by 44.26% and 73.57% for the 30SFRC
and 60 SFRC ones. Furthermore, the displacements corresponding to the
maximum load were decreased by 30% and 1% for the 30SFRC and 60SFRC
models, respectively.

Table 7

—m— FCC22
140 —e— FCC22M
] v —A— F30SFRC22
7 —¥— F30SFRC22M
120 4 v ~4  F60SFRC22
| F60SFRC22M
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Fig. 13 Load-displacement graph for FCC22, FCC22M, F30SFRC22, F30SFRC22M,
F60SFRC22, and F60SFRC22M)

The effect of mesh reinforcement and steel fiber reinforcement on the behavior of composite floors exposed to high temperatures

The difference in Energy

Maximum Displacement at the

. . .
Model Code Energy Absorption Area (KN*mm) Absorption (%) Maximum Load (KN) center (mm)
cc
FCC22 1024 61 20
+52.26
FCC22M 1559.11 108 13
30SFRC
F30SFRC22 1657.46 88 14
+39.07
F30SFRC22M 2305.09 129 14
60SFRC
F60SFRCC22 2264 105.88 19.8
+22.92
F60SFRC22M 2783 136 8

3.2. Vibration response

In this study, the vertical vibrations were obtained by placing CMG-5TD
accelerometers on the model slabs made of 30 kg/m® and 60 kg/m?® steel fiber
with conventional concrete with varying stud spacings. The vibrations were
measured in 1st group models (1500 x 1200 mm) and 2nd group models
(760x700 mm) after the high-temperature process. The vibration records,
applied in 0.01 s time steps in the time history, were filtered in the frequency
range of 0.5-25 Hz to obtain internal vibration data from the sample. The natural
frequencies of the models were determined by using Fourier transforms (FFT)
[26]. The frequency environment of the models with varying stud spacings and
mesh reinforcements, for the conventional concrete were presented in Fig. 14.
The 1st mode natural frequencies of the CC22, CC22M, CC55M and CC55

models were determined as 10.53, 20.44, 11.82 and 13.99 Hz, respectively. It
was determined that, reducing the screw (stud) spacing from 55 cm to 22 cm,
the natural frequency was reduced by 10.92% for the no-mesh model, and by
31.67% for the one with mesh. Withal, the use of mesh reinforcement was shown
that, the oscillations were reduced by approximately 50% for the models with
22 cm screw spacing, and 14% for the ones with 55 cm screw spacing. The 2nd
mode frequencies of the CC22, CC22M, CC55 and CC55M models were
obtained as 12.95, 21.02, 17.18, and 20.8 Hz, respectively. The 3rd mode
frequencies of the models were determined as 23.7 Hz. The CC55 model had
the highest amplitude between the ones at the same frequency. It was noted that
in this group of models, the arrangement of the mesh reinforcement and the 22
cm screw spacing present the most optimum results.
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The frequency calculations, obtained for the models with 30 kg/m?® fibers
are presented in Fig. 15. It has been determined that, the use of 30 kg/m® steel
fiber with 22 cm screw spacing was increased the natural frequency of the
flooring from 10.53 Hz to 12.67 Hz. The natural frequency, for the model with
mesh reinforcement and same screw spacing, was decreased from 20.44 Hz to
9.57 Hz with the use of 30 kg/m?® steel fiber. A similar situation was also
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presented for the model with 55 cm screw spacing. In this case, the simultaneous
use of mesh reinforcement and 30 kg/m? steel fiber showed that, the oscillation
of the model was increased. In Fig. 15c, the model with the smallest amplitude
in the same frequency ranges was the CC55 one. The use of 30kg/m?® steel fiber
with 55 cm screw spacing, was implied the most optimum result.
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Fig. 15 Frequency of the models containing 30 kg/m® steel fiber a) 30SFRC22 b) 30SFRC22M c) 30SFRC55 d) 30SFRC55M

The frequency transforms, obtained for the models with 60 kg/m? fibers,
were presented in Fig. 16. It was determined that, the dominant frequencies of
the 60SFRC22 and 60SFRC22M models were 23.7 and 24.87 Hz, respectively
(Fig. 16). As a result of 60 kg/m? steel fiber addition to the mix of the models
with 22 cm screw spacing and mesh reinforcement; the oscillations were

decreased about 18%. The 1st mode frequencies of the 60SFRC55 and
60SFRC55M models were 13.88 and 12.5 Hz (Fig. 16c and Fig. 16d). It was
also obtained that 60 kg/m?® steel fiber addition to the mix was implied a good
result by increasing the oscillation of the models with or without mesh, but with
55 cm screw spacing. The oscillations of the models, with 22 cm screw spacing,
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mesh reinforcement and 60 kg/m® steel fiber content, were reduced
approximately 56% for 1st group samples. When 30 kg/m? steel fiber and mesh
reinforcement were used together, the oscillations of the models were increased.
However, the addition of 30 kg/m® or 60 kg/m? steel fiber with 55 cm screw
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spacing were reduced the oscillations approximately 25% and 24%, respectively.
It was predicted that the 60SFRC22M model with 22 cm screw spacing and the
30SFRC55 model with 55 cm screw spacing were the most optimal ones for the
oscillations.
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Fig. 16 Frequency of the models with 60 kg/m? steel fiber a) 60SFRC22 b) 60SFRC22M c) 60SFRC55 d) 60SFRC55M

The models of 760x720 mm, with 22 cm screw spacing, were inspected
after high-temperature process at 600 <C for vibration analysis. Fig. 17 shows
the frequency conversions of the models produced by conventional concrete,
with and without mesh-reinforcement, before and after high-temperature
process at 600 <C. The natural frequencies of the CC22, CC22M, FCC22 and
FC22M models were 18.05, 19.07, 14.32, and 13.02 Hz, respectively. The use
of mesh reinforcement before the high-temperature process was reduced the
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oscillations of the model and increased after the high-temperature process. It
was determined that keeping the models at 600 <C increased approximately 21%
and 32%, respectively, for the models with and without mesh. In addition, the
oscillations, with larger amplitude content, were observed for the models after
high temperature process (Fig. 17). The use of mesh was increased the
oscillations of the model against high-temperature process.
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Fig. 17 Frequency of the models without steel fiber exposed to 600 °C temperature process a) CC22 b) C22M c) FCC22 d) FCC22M
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The frequency conversions are presented in Fig. 18, after the high-
temperature process (600 °C) of the models with 30 kg/m® steel fibers. The
dominant frequencies of the 30SFRCC22, 30SFRC22M, F30SFRC22, and
F30SFRC22M models were determined as 18.49, 13.28, 16.09, and 16.58 Hz,
respectively. The emissions were applied by the model increased by 11.2%. The
amplitudes of the models were increased about 10% in the dominant frequency
ranges after the high-temperature process. The use of mesh was significantly
reduced the pre-heat and post-heat amplitudes of the models.

The frequency conversions are presented in Fig. 19, after the high-
temperature process (600 °C) of the models with 60 kg/m?® steel fibers. The
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dominant natural frequencies of the 60SFRCC22, 60SFRC22M, F60SFRC22,
and F60SFRC22M models were determined as 14.32, 13.19, 18.29, and 15.6 Hz,
respectively. As a result, it was observed that 30kg/m?® and 60 kg/m? steel fiber
content were reduced the emissions of the models, approximately 12% and 22%,
respectively. The fact that the model, which was formed by using 60kg/m? steel
fiber and mesh reinforcement together, especially in the same frequency ranges,
produced more amplitude at higher frequencies. Withal, mentioned models were
also showed the highest damping capacity [27, 28].
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The acceleration response spectral curves have been designed by summing
the absolute values of the data in the time history, as a result of vibration tests
[29]. The response spectrum gives ideas about the maximum positive
accelerations that can occur in the model. Based on the acceleration of the model
at the prevailing period values, it has been interpreted to what extent the screw
spacing, mesh reinforcements, and steel fibers to reduce the model vibrations.

The response spectrum acceleration graphs were presented in Fig. 20, for
the 1st group models (1500x1200 mm), without fiber, with 30 kg/m?, and 60
kg/m? fiber content. The maximum acceleration of the CC22, CC22M, CC55
and CC55M models were determined to be 0.0090, 0.0048, 0.018, and 0.0116
m/s?, respectively. It was determined that reducing the screw spacing from 55
cm to 22 cm, was reduced the acceleration by 50.55%, and the mesh
reinforcement was reduced by 46.77% for the same period step. The use of 30
kg/m® and 60 kg/m® steel fiber in composite flooring increases the reaction

221

acceleration by approximately 44.44% and 18.91%, respectively, in the same
screw spacing. In general, the use of 30 kg/m® steel fiber and mesh
reinforcement in 22 cm and 55 cm screw spacing created high acceleration
values, such as, 0.0247 m/s? and 0.019 m/s?, respectively, while also reaches the
highest floor vibration acceleration value of 0.056 at 55 cm screw spacing. The
steel fiber content of 30 kg/m® were produced the highest vibration acceleration
values in composite floors (Fig. 20b). The lowest vibration acceleration value in
the study was 0.00468 m/s? in the case of 60 kg/m?® steel fiber content and the
arrangement of screws at 55 cm spacing without mesh reinforcement (Fig. 20c).
Similarly, low acceleration values such as 0.0111 m/s? without mesh
reinforcement and 0.00689 m/s? with mesh reinforcement were produced at 22
cm screw spacing. The test results showed that the composite floor where
vibration accelerations were felt the least was 60SFRC55 and the floor where
the highest vibration is felt was 30SFRC55.
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Fig. 20 Response spectra of Group 1 models a) no-fiber models b) Models with 30 kg/m? steel fiber ¢) Models with 60 kg/m? steel fiber.

a
0.015F ' T ' ] ' ' —_— 22
0.01F FCC22
FCC22M
0.005 =
0 ‘ .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
’%T
E 0.02 T T T T tl) T T S0SFRC22
§ e 30SFRC22M
E F30SFRC22
g 001F F30SFRC22M
E
o
< ! ‘
Q 0
@ 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
& c
é 0.02 T T T T T 1
— §(SFRC22
s 60SFRC22M
F60SFRC22
0.011 e FGOSFRC22M
0 : : : : : : : :
0 0.2 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2
Period (s)

Fig. 21 Response spectra of Group 2 models a) no fiber models b) Models with 30 kg/m?® steel fiber ¢) Models with 60 kg/m? steel fiber



Sadig Ahmad Afzali et al.

The response acceleration spectra, for the 760x700 mm, no-fiber, 30 kg/m?,
and 60 kg/m? steel fiber models with 22 cm screw spacing and processed for
600°C (high-temperature condition), were presented in Fig. 21. This result
showed that, reducing the size of models also reduces vibrations, as expected. It
was observed that the same models reached vibration acceleration values of
0.0115 and 0.0119 m/s?, respectively. The increase in vibration acceleration
after heating process, corresponds to approximately 59% and 42%, respectively.
It was observed that the vibration accelerations of the models without or with
mesh by using 30 kg/m?® steel fiber, were increased by 8.28% and 3.25%,
respectively. The vibration accelerations of the models, without or with mesh
using 60 kg/m? steel fiber, were decreased by 33.59% and 36.13%, respectively.
Withal, the highest vibration acceleration was observed as 0.0175 m/s? for the
60SFRC22M model, and the lowest one was observed for the 30SFRC22 model
as 0.0047 m/s2, among the second group.

The highest vibration acceleration of the F30SFRC22M model was
observed as 0.0169 m/s?, where the lowest one was 0.0047 m/s2. The vibration
acceleration of the model CC22M was determined as 0.0069 m/s? before the
heating process with the same screw spacing, also. In this case, if the model,
with 60 kg/m?® steel fiber, was exposed to the heating process, the vibration of
the model was increased only by 9.21%. However, it was detected that the
vibration acceleration of the model, without mesh, was 0.0047 m/s? before the
heating process. Similarly, the model with 60 kg/m? steel fiber, was reached a
great value of 0.0103 m/s? with an increase of 54%. This result implies that, the
60 kg/m?® steel fiber content ensures optimum compatibility with the mesh
reinforcement and minimizes floor vibrations, also.

4, Conclusion

The vibration response and the bending behavior of 18 model composite
floors have been investigated in this study. The effect of bolt spacing, steel-fiber,
and mesh reinforcement on the performance of the model composite floors were
analyzed, experimentally. Furthermore, the effects of high-temperature on the
behavior of the models were examined.

R

<> Decreasing the spacings of the screws in the models without mesh
reinforcement decreased the peak acceleration response of the steel composite
floors. The affectivity of the screw spacing reduction was strikingly decreased
by the fiber increase. The effectiveness values were found as 73.2%, 19.5%, and
10.8%, for the models with steel fibers, and 60 kgm?® steel fibers, respectively.

<> Using mesh reinforcement was decreased the peak acceleration
response of the model composite floors manufactured with conventional
concrete. However, using the steel-fiber was increased the peak acceleration
response of the models.

*

% When the composite floors were exposed to the high-temperature,
the peak acceleration response was increased for the models with conventional
concrete, but started to decrease by increasing the amount of the steel fiber
content.
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<& Decreasing the bolt spacing and adding the mesh, caused an increase
in the energy absorption capacity, maximum load capacity, and maximum
displacement of all the models in group 1. Meanwhile, using steel fiber has
shown an increase in the energy absorption capacity of the models.

*

< Using the mesh and steel fiber caused an increase in the energy
absorption capacity of the high-temperature exposed models (Group 2 models).

*

< Vibration test results show that the model vibrations were reduced
by approximately 50% as a result of reducing screw spacing. It has been
determined that the model vibrations are reduced by 47% in the case of using
mesh reinforcement.

*

< The 60 kg/m?® steel fiber content can significantly (approximately
54%) reduce possible vibrations that may occur in composite floors when used
with mesh reinforcements. In addition, the use of 60 kg/m? steel fiber with or
without mesh reinforcement in composite floors with screw spacing of 55 cm,
the acceleration values were similar to composite floors formed with 22 cm
screw spacing.

*

< The use of 60 kg/m® steel fiber content together with the mesh
reinforcement is effective in reducing the vibrations of composite floors after
the high-temperature process. The vibrations of the composite model floors
prepared before the heat process and formed with conventional concrete at 22
cm screw spacing, increased by approximately 9% compared to the vibrations
of the other models when exposed to high-temperature process with the addition
of 60 kg/m® steel fiber and mesh reinforcement, and became the most
recommended flooring type.

*

< The deformation, energy absorption capacities, floor vibrations, and
the fire resistance are considered; the applicable flooring type is 60SFRC22M
composite flooring with 60kg/m® steel fiber, 22 cm screw spacing, mesh
reinforcement and traditional concrete.

*

< The results showed that the amount of steel fiber should be optimally
adjusted for the mesh reinforcement and steel fiber to work in harmony. It is
also foreseen that if a high amount of steel fiber content is used, the screw
spacing should be adjusted according to this ratio.
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