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Abstract. There is an experimental study of samples of monolithic foam
concrete "SOVBI" with a density of 205 kg /m’ (grade D200) for
combustibility. The evaluation criteria are the following values of
combustion characteristics: temperature increment in the furnace, duration
of the stable flame burning, sample mass loss. The experimental results
show the following values for foam concrete: temperature increment in the
furnace of 2 °C, duration of the stable flame burning of 0 s, and sample
mass of 24.4%. Thus, monolithic foam concrete with a density of 205
kg/m® is noncombustible material. It is proposed to use monolithic foam
concrete and other lightweight monolithic cellular foam concrete, as a
structural fire protection for lightweight steel concrete structures. It, in
turn, can increase the fire resistance of external walls and floor structure
with the steel frame of cold-formed zinc-coated profiles.

1 Introduction

Monolithic foam concrete is used for enclosure structures in the form of lightweight steel
concrete structures [1, 2], retaining walls, and backfill materials for highways [3], railways,
plazas [4]. This material is characterized by a low density, good sound insulating
properties, and high thermal insulation capacity, while it exhibits sufficient compressive
strength for the load-bearing function [5-8].

The use of monolithic foam concrete makes it possible to simplify and reduce the cost
of construction and increase the volume of work more than ten times, compared with the
laying of aerated concrete and foam concrete blocks, with a significant reduction in the
number of workers. It also minimizes the use of crane and lifting and reduces transport
expenses and the area of the zones of materials storage [9].

Monolithic foam concrete quality greatly depends on the type and quality of the
foaming agent [10]. There are two types of foaming agents for monolithic foam concrete:
protein foaming agent [11, 12] and synthetic foaming agent [13].

A synthetic foaming agent is cheaper than a protein foaming agent. Concrete based on
synthetic foaming agent has shorter durability [14] and lower strength [15] compared to
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concrete based on protein foaming agent. The protein foaming agent (vegetable based and
animal based) has more suitable characteristics to produce foam concrete [14].

The researches [16-18] are devoted to the study of the pore structure of foam concrete.
The use of fly ash as filler helps in achieving a more uniform distribution of air voids,
which leads to an increase in the material strength [16]. Finer filler material helps in the
uniform distribution of air voids [17]. A larger porosity results in a more significant effect
of the moisture content on the effective thermal conductivity. When the volumetric
moisture content reaches 10 %, the thermal conductivities of foam concrete and aerated
concrete increases by approximately 200 % and 100 %, respectively [18].

There are additives, such as fly ash [19-21] metakaolin [19, 22], shredded rubber [23,
24], silica fume [25, 26], granulated blast furnace slag [27, 28], which can improve the
concrete properties.

The use of mineral additives regulates the porous structure of foam concrete;
simultaneously, the coefficient of thermal conductivity is reduced, density is reduced, and
frost resistance is improved [29].

Incorporation of various types of fibres can significantly improve the flexural strength
(up to 4 times), tensile strength (up to 3 times), and impact strength (up to 6 times) [30].

Adding the calcium chloride and calcium oxalate in the amount of 2 and 0.5% of the
cement mass, respectively, reduces the plastic shrinkage of the foam concrete mix by 47-
65% strength rises compressive strength from 0.31 to 0.47 MPa (D400) and from 0.96 to
1.44 MPa (D600) [31].

The research [32] is devoted to the combination of foam concrete and lightweight
aggregates (pumice, expanded clay, and expanded perlite). The work shows an
improvement in the compressive strength of such concrete by almost 40% compared to
conventional foam concrete. The same applied to the drying shrinkage; the change in length
is reduced by almost 80 % [32].

Strength properties of foam concrete are shown in [10, 31, 33, 34]. The compressive
strength of the foam concrete varies from 0.1 MPa — 12 MPa.

Thermotechnical characteristics of foam concrete are investigated in [1, 29, 35].
Coefficients of thermal conductivity of foam concrete depends on its density and it varies
from 0.07 W/(m-°C) - 0.24 W/(m-°C) [29]. Adding microspheres of perlite to foam
concrete reduces its thermal conductivity coefficient to 0.062 W/(m-°C) [35]. The use of
basalt and glass fiber, fine additives of wollastonite and diopside reduces the thermal
conductivity coefficient to 0.069-0.097 W/(m°C) [36]. The work [1] shows the
experimentally obtained thermal conductivity resistance of the enclosure structure from
thin-wall profiles with foam concrete. It is 1.367 (m*-K)/W, taking into account thermal
resistance 0.783 (m*-K)/W for reinforced sections.

However, there is little research on foam concrete as part of lightweight steel concrete
structures (LSCS). The works [37], [38] show fire resistance of lightweight steel concrete
structures consisting of profiled steel filled with a monolithic foam concrete with a 200
kg/m® - 400 kg/m’ density and with fiber cement sheets sheathing. The actual fire resistance
limit of samples of the wall panel fragment is REI 60 with a uniformly distributed load of
20 kN/m [37]. The actual fire resistance limit of samples of the slab panel fragment is at
least REI 60 with a uniformly distributed load of 4 kN/m?[38].

Evaluating the effects of high temperatures on foam concrete used in lightweight steel
concrete structures is of interest to understand the contribution to the overall fire resistance
of these structures. This makes further research necessary.

This work aims to experimentally study the combustibility of monolithic foam concrete
based on a protein foaming agent with a density of 200 kg/m’ used for enclosure structures
in the form of lightweight steel concrete structures.
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2 Materials and Methods

a. Testing laboratory

Monolithic foam concrete was tested in the testing centre «SZRC TEST» SZRC PB Itd
(Leningrad Region, Russia).

b. Concrete materials

For the production of monolithic foam concrete, the following materials were used:

1. Portland cement CEM I 42.5N manufactured by Oskolcement JSC (Belgorod region,
Russia).

2. Protein hydrolysate foaming agent FOAMCEM manufactured by LastonSPA (Italy).
The temperature range of the foam formation is from -15 C° to 35 C°. The foaming range is
from 40 g/l to 70 g/l.

3. Water of mixing. It meets the requirements of EN 1008:2002" "Mixing water for
concrete. Specification for sampling, testing, and assessing the suitability of water,
including water recovered from processes in the concrete industry, as mixing water for
concrete".

The consumption of the concrete mixture components was selected for the preparation
of lightweight foamed concrete with a density of 200 kg / m’. Sand was not used as fine
aggregate to achieve this density.

c. Concrete Mix Proportion

The concrete mixture was prepared using the SOVBI technology using a foam generator.
Cement paste was prepared in a mortar mixer under normal pressure. After that, the
finished foam was added to the cement paste from a separate foam generator until the
mixture reached a predetermined volume. The unloading of the obtained foam concrete was
carried out using a gerotor pump directly into the test mold.

Concrete mixing design to obtain samples of monolithic foam concrete "SOVBI" was
carried out following the standard STO 06041112.002-2018 "Panels from steel concrete
structures based on heat-insulating non-autoclave monolithic foam concrete, profile steel
faced with fibrocement sheets".

Foam concrete of this composition refers to especially light in average density and the
cellular structure.

Concrete mixtures are presented in table 1.

Table 1. Concrete mixtures.

Cement [kg/m3] Sand [kg/m3] Water [kg/m3] Foam [1/m’]
170 - 77 890

The main characteristics of the obtained monolithic foam concrete are presented in table 2.

Table 2. Main characteristics of monolithic foam concrete.

Monolithic foam concrete characteristic Value
.. in dry state 0.05
Thermal cqnductlwty at arI;y equilibrium moisture content of 4 % 0.065
coefficients, A — - o
[W/(m-°C)] at an equ}l%bqum moisture content of 6 % 0.072
at an equilibrium moisture content of 8 % 0.078
Vapor permeability coefficient, p [mg/(m*h*Pa)] 0.28
Linear expansion coefficient, oy, 0.8*107
Thermal diffusivity, y [m*/h] 1.47%10°
Water absorption by volume [%] 26
Density [kg/m’] 205
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d. Combustibility test

For the combustibility test, 5 samples with a diameter of 43 mm and a height of 50 mm
were prepared from a concrete mix (see table 1). The samples were conditioned in a
ventilated heat chamber at the temperature of (60+5) °C for 24 hrs. A hole with a diameter
of 2 mm for installing a thermocouple in the geometric centre of the sample was provided
in the upper part of the samples. During the test, the samples were placed in turn in the
oven. Then, the readings of thermocouples were recorded in the furnace, at the centre, and
on the surface of the sample. The test was terminated when the three thermocouples'
readings changed by no more than 2 °C in 10 minutes.

After the test, the temperature rise in the furnace, on the surface of the sample, at the
centre of the sample was calculated for each sample. Also, the mass loss for each sample
was calculated.

The test was carried out at an air temperature of 18 °C, atmospheric pressure of 102.5
kPa, and relative humidity of 50 %.

The installation during testing is shown in figure 1. The sample in the installation is
shown in figure 2.

Fig. 1. Testing installation. Fig. 2. The sample in the installation.

3 Results and Discussion

The experimental testing data are presented in table 3 and table 4. The sample appearance
after testing is presented in figure 3.

Table 3. Mass loss of samples during testing

Sample mass [g]
Ne . . Mass loss [%]
Before testing After testing

1 14.90 11.33 24.0
2 16.34 11.73 28.2
3 18.93 15.38 18.8
4 17.32 13.47 22.2
5 16.95 12.03 29.0
Average values 244
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Table 3 shows that the average mass loss of the samples is 24.4 %.

Table 4. Temperature values during testing

Temperature [°C] Continuous
On the surface of At the centre of the | burning duration
In the furnace
the sample sample [s]
+~ +~ 4+ c[)
= | E| o E B | _ gl B | o 5| £ | »| §
= £ g | £ g | 25| E g |25 E |=5| %8
E|E|E |88 5| E|F5| B | E |Fg| 2| 4|3
p= cE| S g| = 2l & |9 A4
745 | 804 | 802 2 784 | 782 2 768 | 767 1 0 0 0
749 | 796 | 793 2 776 | 775 1 752 | 750 2 0 0 0
748 | 804 | 802 2 786 | 784 2 770 | 769 1 0 0 0
746 | 802 | 800 2 782 | 780 2 758 | 757 1 0 0 0
748 | 802 | 799 3 778 | 776 2 754 | 754 0 0 0 0
Average values 2 2 1 0

Table 4 shows that the temperature increments in the furnace and on the surface of the
sample are 2°C, at the centre of the sample is 1°C, and continuous burning duration is 0 s.
Following Russian State Standard GOST 30244-94 "Building materials". Methods for
combustibility test" the building materials are noncombustible under the following values
of combustion characteristics: temperature increment in the furnace not more than 50°C,
duration of the stable flame burning not more than 10 s, sample mass loss not more than
50%. According to the results presented in Tables 2 and 3, foam concrete is a
noncombustible material.
PN
T

Fig. 3. The sample appearance after testing

By the results obtained, it is proposed to use monolithic foam concrete with a density of
200 kg/m® as a structural fire protection for lightweight steel concrete structures (LGSS),
which in turn can increase the fire resistance of external walls and floor structure with the
steel frame of cold-formed zinc-coated profiles.

It can also be concluded that lightweight steel concrete structures are noncombustible,
which, in addition to foam concrete, is made of other noncombustible materials (profile
steel and fiber cement sheets).



E3S Web of Conferences 264, 05001 (2021) https://doi.org/10.1051/e3sconf/202126405001
CONMECHYDRO - 2021

4 Conclusions

Based on the results obtained, the following conclusions can be underlined:

1. Monolithic foam concrete with a density of 205 kg/m® (grade D200) is
noncombustible material.

2. Lightweight steel concrete structures based on extra lightweight foam concrete are
noncombustible.

3. It is proposed to use monolithic foam concrete with a density of 200 kg / m® and other
especially lightweight monolithic cellular foam concrete, as a structural fire protection for
lightweight steel concrete structures. It, in turn, can increase the fire resistance of external
walls and floor structure with the steel frame of cold-formed zinc-coated profiles.
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