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Abstract The composite frames are used widely as the roof system for different
buildings or structures as well as covering spaces as a shell. The technique of exper-
imental investigation of steel and concrete composite space frames (SCCS frame) is
compiled because it is a novel type of structure and has not sufficiently behavior inves-
tigated yet. The current investigation is aimed at prefabrication technique description.
This research is a complete study of prefabrication techniques and also the strength
of materials for making prototypes of the SCCS frame, which consist of steel lattice
and steel and concrete composite slab (SCC slab) as well as include top and bottom
chords. The research includes testing specimens of the concrete cubes and prism and
reinforcement bars. It has long been known that concrete is often and widely used for
slabs and surfaces in compression or bending. However, the SCC slab has another
way of reinforcement than an ordinary reinforced concrete slab.

Keywords Steel · Concrete · Slab · Stress · Strain

1 Introduction

Currently, SCC structures are the widespread structure types all over the world. The
SCC structures are used in various fields of building [5, 10].

This is why the investigation of the SCC structures is an important issue. The
SCC slabs are a part of the SCCS frames [26]. The SCCS frame is the novel type of
roof system that was designed and was patented recently. The SCCS frames consist
of steel lattice and SCC slab as well as include top and bottom chords. The SCCS
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frame has the design as shown in [26]. The SCC slab plays the role of the top chord.
It delivers bearing and shielding roles. The SCCS frames are used as the roof of civil
and industrial buildings or structures or covering large areas as a shell.

The experimental investigating technique of SCCS frames was compiled because
of its are a novel type of structure and has not yet sufficiently behavior investigated
but the current investigation is aimed for prefabrication technique describe.

So, the purpose of this research is a complete the study of prefabrication technique
and also the strength of materials for making samples. The research includes testing
specimens of the reinforcement bars, concrete cubes as well as concrete prisms.

2 Method

The methods of experimental research, as well as theoretical research, taking into
account previous research [2, 3, 5, 8, 9, 11, 13–36], are used in this study. To study
the mechanical properties of materials, standard and generally accepted methods are
used [4] etc.

3 Results and Discussions

3.1 The Size and Design of Experimental Specimens
of the SCC Slabs

Tomaking theSCCslab is used concrete because it has suitablemechanical properties
for this structure type [25]. It has long been known that concrete is often and widely
used for slabs and shells in compression or bending [19]. Nevertheless, the SCC slab
has another way of reinforcement than an ordinary reinforced concrete slab [12].
Ordinary reinforced concrete slabs include reinforcement mesh that is made of steel
bars that caused a significant cross-section height and total weight. Those are not
suitable options for space surfaces.

That is why the SCC slabs are reinforced with meshes that are made from steel
wire instead of steel bars. This method of reinforcement allows getting sufficiently
homogeneous material.

Nevertheless, it caused a significant flexible thin-walled structure. That is why
the SCC slab has ribs for providing rigidity. These ribs are reinforced with a few
steel bars. To explorer, the stress-strained state of the SCC slab was manufactured
experimental specimens (Fig. 1a).

Experimental specimens of the SCC slabs have a square shape with a side length
of 1000 mm and slab thickness of 20 mm and rib height of 50 mm.
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3.2 Materials of Experimental Specimens of SCC Slabs

To making the SCC slab are used steel wire meshes and a concrete mixture. There
is the composition of material for concrete mixture in Table 1.

Concrete mixture was produced with concrete mixer CM-250 in the industrial
department (Fig. 1b).

The steel wire meshes were made of steel wire 0.9 mm in diameter and cell size
12 mm (Fig. 2).

Steel bars 6 mm in diameter are used for reinforcement of ribs.
To prevent plain bars under tension from slipping in concrete solid, both ends

of the bar are bent. In addition, reinforcement should be bent due to the design
requirement.

The detailing of the bent segments is listed in design codes or acceptance
specifications for construction quality.

Figure 2 illustrates bent segments that are used in the SCC slabs [6]. Figure 3
shows the dimensions and reinforcement scheme of SCC slabs.

Table 1 Quantities of
materials per cubic meter of
the concrete mixture

Material Portland cement Fine aggregates
(sand) 1.1 mm

Water

Mixture
proportions

1 1.75 0.4

Mass of material,
kg

700 1225 280

Fig. 1 The SCC slabs a and Concrete mixer CM-250 b
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Fig. 2 Fragment of the welded wire mesh with cell size 12 mm a and Bent steel bar b

Fig. 3 Dimensions (mm) and reinforcement layout

3.3 Mechanical Properties of Materials for Experimental
Specimens of SCC Slabs

The concrete strength depends on the quality of the concrete mixture, water-cement
ratio, cement strength, etc. [1, 7]. Test cubes of 150mm for obtaining the compressive
strength of concrete were carried out.
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In Ukraine as in all over the world, the cube strength is used as the main index of
concrete strength.

A compression test of concrete cubes is an easy way to obtain concrete strength.
On top of that, the strength is measured is quite accurate.

Moulds are used to making concrete cubes. No voids must be in the concrete
mixture during the moulds are filled. A vibrating table to concrete mixture
compaction in moulds was used.

The load-carrying capacity of the table is about 300 kg. All cubes moulds that
were filled simultaneously were accommodated on the vibrating table. The vibration
was adjusted to 2000 vibrations per minute.

The concrete cubes are taken out from moulds after 24 h and for curing, it put in
water. The concrete cubes are tested after 28 days of curing. For the test are used the
compression testing machine PG-125.

To fail the concrete cubes, the load is applied gradually 130 kg/cm2 per minute.
The compressive strength of concrete is obtained according to [4]. The average

value of the mechanical properties of concrete cubes is 17.86 MPa.
The concrete prisms to determine the prism strength are tested.
Concrete prisms were manufactured by the same technique as concrete cubes

are used, except moulds. Before, prisms testing on side surfaces had been set strain
gauges. Strain gauges set on the side surfaces of prisms with clue BF-2.

The average value of the mechanical properties of concrete prisms is 16.30 MPa.
The stress–strain curves based on the testing results are mapped (Fig. 4).

Reinforcement strength was obtained by tests of specimens of 600 mm length
with press PM-500.

However, the strengths of different specimens, despite that they were of the same
type, were different. It was due to the inherent variability of reinforcement materials.
The stress–strain curves of steel bars, which were used for reinforcing experimental
specimens of SCC slabs, were obtained from tension tests, in which the loads are
monotonically applied without any unloading until the bars fail in a short time.

Fig. 4 The stress–strain curves for concrete prisms
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Fig. 5 Timber moulds for
slab manufacture

Therefore, measured strength with a certain degree of confidence was taken as the
strength of reinforcement. The degree of confidence is more than 95%. The average
strength is 279.74 MPa.

3.4 Preparation of Experimental Specimens of SCC Slabs

For experimental specimens preparationwas used timbermoulds (Fig. 5). Preparation
of experimental specimens of SCC slabs includes 4 steps. The first step was to set
moulds on a vibrating table. Then were put reinforcement bars and welded wire
meshes in mould and concreting.

4 Conclusions

The fabrication technique of experimental specimens of steel and concrete composite
slabs is described. The mechanical properties of materials are obtained by testing.
The strengths of concrete and steel bars are determined. The average value of the
mechanical properties of concrete cubes is 17.86 MPa. The failure load N is from
384 to 430 kN. The average value of the mechanical properties of concrete prisms
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is 16.30 MPa. The failure load N is from 331 to 427 kN. The average strength
of the reinforcement is 279.74 MPa. This strength is sufficient for the structures
under study. thus, the proposed technology for the production of concrete mix is
acceptable. It allows you to get a durable material. This also applies to fittings. The
adopted reinforcement provides the necessary rigidity and strength of the slab ribs.
The technology of concreting samples is quite simple to manufacture and does not
require special equipment, which makes it cost-effective.
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