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Abstract:

The object of research is a reinforced concrete T-beam element of prefabricated monolithic slabs
with a thin-walled steel profile. Previously, the steel profile was used in the beams as a stay-in-place
formwork, while the authors proposed to include it in the structural behaviour by anchoring. Four variants
of T-beam elements have been tested to assess the influence of a thin-walled steel profile on the load-
bearing capacity over normal sections. As a result, the strength capacity of reinforced concrete beams
with anchored steel profile is 55% higher than the strength capacity of similar samples without steel
profile.

1 Introduction

Steel-concrete structures, in which rigid steel reinforcement is combined with traditional reinforced
concrete, have become widespread in construction practice and are well studied [1-3].

Numerous studies have proven the high efficiency of the external reinforcement of classic
reinforced concrete, [4—6] which guarantees the combined action of concrete and steel [7-9]. As a rule,
additional devices, such as special anchors or special perforated steel sheets, are used to ensure their
reliable bonding [10-12]. If this condition is met, an effective complementarity of the steel profile and
reinforced concrete which are the part of a complex structure is achieved. It is complicated in classical
metal and reinforced concrete structures [13—24].

Reinforced concrete T-beam elements of prefabricated monolithic slabs "MARCQO" with [25] thin-
walled steel profile (Fig. 1a) used as stay-in-place formwork (Fig. 1b) were tested within the framework
of this study. The main feature of such a construction system is the use of a thin-walled steel profile as
an element of stay-in-place formwork.

Figure 1 — Prefabricated monolithic slab: a) general view; b) cross-section of the beam element
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The purpose of this study was to study the influence of the efficiency of combined action of
reinforced concrete and external thin-walled sheet reinforcement as an element of stay-in-place formwork
on the rigidity, crack resistance and load-bearing capacity, on the stress-strain behavior of reinforced
concrete T-beam elements of prefabricated monolithic slabs, as well as to develop the recommendations
for their calculation.

2 Methods

The main test samples are reinforced concrete T-beams with 120 mm rib width, 740 mm flange
width, 250 mm height and 3000 mm length:

- a beam with a reinforcement cage without a thin-sheeted profile (I-1, I-11);

- a beam with a reinforcement cage and aerated concrete blocks of 600x300%x200 mm, located
under the overhangs of the concrete T-beam section (l1);

- a beam with a reinforcement cage and a thin-walled steel profile in the lower tension region (ll1-
1);

- a beam with a reinforcement cage, thin-walled steel profile (l1l-II) and additional anchoring of the
profile in reinforced concrete (10 pieces on each side) (Fig. 2);

- a beam with a reinforcement cage and steel profile with aerated concrete blocks of 600x300x200
mm, located under the overhangs of the concrete T-beam section (IV). The beam was modified on site

by drilling holes in concrete and installing anchors (10 pcs. in the bottom of the profile on each side, Fig.
2).

Figure 2 — Anchoring of the steel profile to the beam

The tests were conducted according to the scheme of a hinged beam with forces concentrated at
the two third-points. The beam samples were completely destroyed. The sags, crack widths and applied
transverse forces Q (Figure 3) were measured during the test.

a a

Figure 3 — Beam Testing Scheme

The experimental set-up is shown in Figure 4.
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Figure 4 — Experimental set-up

The physical destruction of the samples characterized by large plastic deformations of the steel
profile (beam llI-1) and the destruction of the rib in the region of pure bending (others) was taken as the
limit state.

3 Results and discussion

The results of the experiment are presented as graphs of the dependence of sample sag values
on bending moments (Fig. 5). Samples with a steel profile and no special anchorage have a load-bearing
capacity which is 15% higher than a load-bearing capacity of those without a profile, and samples with a
steel profile that is securely anchored with the special steel screw plugs have a load-bearing capacity
which is 55% higher.
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Figure 5 - M-Sag graphs for beams: a) I-I, I-II, Il; b) HI-I, HI-Il, IV

Results of beams load-bearing capacity calculations conducted according to the method of SP
(Russian Construction Rules) 63.13330.2012 "Concrete and reinforced concrete structures. General
provisions" and their comparisons with experimental data are presented in Table 1.

Table 1 — Measured and calculated values of beams load-bearing capacity

Beam Test Samples
Beam!l-l | Beaml-l | Beam!ll | Beamll-l | Beamlil-l | Beam IV
Calculated value
26.2 26.2 25.2 47.2 43.1 43.6
65.2% 65.2% 62.5% 117.5% 107.0% 108.5%
Test data
40.0 40.4 40.2 46.2 61.2 63.3
99.5% 100.5% 100.0% 115.7% 155.0% 160.0%
Notes:

1. Above the line are the values of bending moments M (kN*m), under the line are the relative values (%);

2.  The bending moment calculated as the arithmetic mean of the values of moments obtained for I-I and I-1l samples is
taken for 100%.
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4 Conclusions

The test results showed that the use of thin steel profiles in the lower (tension) region of load-
bearing beams of prefabricated monolithic slabs without special anchoring devices increases their load-
bearing capacity by about 15%. If the profile is fixed using special anchoring devices, the increase in
load-bearing capacity reaches about 55% in comparison with beams without a profile. This indicates the
effective influence of external reinforcement on increasing the load-bearing capacity and rigidity of
reinforced concrete bending elements.

According to the method of SP (Russian Construction Rules) 63.13330.2012 "Concrete and
reinforced concrete structures. General provisions”, the calculation of the load-bearing capacity of
bending reinforced concrete beams with thin-walled profile in the tension region requires the introduction
of a correction factor to the design resistance of steel to take into account the effectiveness of the bond
between the profile sheets and concrete.

The method of anchoring the sheet profile as a stay-in-place formwork element has a decisive
influence on the compatibility of the external reinforcement and the reinforced concrete beam.

Further studies are aimed at the development of an effective (in terms of combined action) and
technologically advanced method of anchoring a thin-walled steel profile in concrete, as well as at the
justification of the reliability of an engineering method for calculating structures of this type.
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