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Abstract. Receiving the qualitative, energy efficient and economic building is the main tendency in the civil
engineering. One of the leading places is occupied by technology of frame-panel construction with use of new
non-autoclaved, monolithic foamed concrete technology producing on a building site. On the example of the
real samples there were determined the heat-shielding properties of foamed concrete in a condition of setting
process and after attainment of strength with a practical and theoretical methods. The results were obtained
for a non-autoclaved monolithic foamed concrete wall fragment (lightweight steel concrete structure — LSCS)
for the areas with and without rigid reinforcement with steel thin-wall profiles (lightweight gauge steel structure
— LGSS). Influence of the thermal bypass on cold-resisting properties of enclosure structures with technology
“Intech LB” is revealed. On the basis of the received results, modernization of a design for improvement of its
thermotechnical characteristics is made.

1. Introduction

Construction of residential country house or cottage is often associated with significant expenses;
however, integration of new materials and modern technologies allows decrease them.

Technology that combines well known frame-panel construction technology (timber, plastic and thin-
walled steel structures) with modern technology of construction site production of non-autoclave, cast in-situ,
acoustic and thermal insulating, constructive foamed concrete can be considered as breakthrough in modern
low-rise construction industry. Application of such concrete gives an opportunity to decrease shipping costs,
construction period, materials consumption. Moreover, even thin foamed concrete walls possess sufficient
thermal insulation properties. High mobility of this concrete type allows to effortlessly perform concrete mix
distribution and to form building structures on any height.

There is a large variety of thermal insulating materials in modern construction industry; such as mineral
wool, polystyrene and polyurethane foam. For example, M.V. Leshchenko and V.A. Semko proposes to use
polystyrene concrete as an insulating material in wall panels made of light gauge studs. It should solve the
problem of thermal bridges in such panels [1].

However, they possess significant disadvantages. For instance, mineral wool insulators are subjected
to sitting and, also, moisturizing that causes in one hand decrease of insulating properties, in another cause
increase in load that is crucial in rooftop insulation. Cellular concretes are well known as material for a long
time and develop as foamed and aerated concretes. These branches are described in article [2—6].

Thermal insulation of building enclosing by cast in-situ foamed concrete is relatively modern way of
cellular concrete application. This technology is developed and integrated in Russian Federation construction
industry by group of V.D. Vasiliev [7, 8].

A.Y. Struchkova, Yu.G. Barabanshikov, K.S. Semenov, A.A. Shaibakova solved the problems of thermal
cracking resistance of massive concrete and reinforced concrete structures during the building period are
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considered. The calculation results of a research on the effect of hardening temperature on the process of
heat dissipation process of concrete are given [9].

T.V. Kirivaltzevich and E.V. Gurova conducted comparison of technical properties and basic
characteristics of thermal insulation materials of different structure and considered advantages and
disadvantages of non-autoclave foamed concrete in their work [10].

V.V. Bespalov, D. Ucer, I.D. Salmanov, I.N. Kurbamov, S.V. Kupavykh consider a problem whose
purpose is determine the combined behavior of masonry walls and reinforcing meshes together, according to
their deformation characteristics. The results obtained from the theoretical sample wall and the case study
wall with plain and reinforced alternatives stated that the compatibility of deformation characteristics between
the wall and the reinforcing mesh is the key for combined strength behavior of the wall [11].

V.V. Plotnikov and M.V. Bogatovsky demonstrated research results of development of energy and
material saving technology of construction of interior multilayer cast in-situ walls with application of low density
composite foamed concretes [12]. This technology provides ability to control formation of foamed concrete
structure in process of its obtainment and on first stages of curing. For example, in articles [13—-17] possibility
of direction of pore structure of non-autoclave foam concrete is studied. Option of concrete performance
characteristics increase by adding of different admixtures (colloidal suspension of silicon dioxide, cold-bonded
fly ash, etc). Such admixture stabilizes and improves pore structure of material, developing properties of
foamed concrete. Also, the article [18] proposes a numerical model for estimating the effect of composite
reinforcement on the bearing capacity of a compressed-bent masonry wall which is constructed on the basis
of experimental studies of walls from cellular concrete blocks.

Nowadays, there are technologies of enclosing structures construction based on combination of light
steel framing and various thermal insulators. Lightweight metal framing is used for constructive purposes
worldwide. However, it is applied in Russia for low rise construction only, since lack of production standards.

Major advantages of light steel framing constructions are demonstrated in articles [19-23].

D.V. Kuzmenko and N.I. Vatin [24] developed new type of enclosing structure based on light meal
framing — thermal panel. Main components are thermal profile and efficient thermal insulator. Thermal panel
is perspective modern energy-saving technology that can be applied in high-rise construction.

Based on LSTK M.K. Bronzova, N.I. Vatin, M.R. Garifullin were engaged in studying of a design in the
work [25] and others in works [26—32].

Application of modern constrictions is reasonable only if their superior thermal properties exploited
properly. Results of reduced total thermal resistance calculation and
heat transfer performance uniformity factor determination are demonstrated in work [33], performed by
T.A. Karnilov and G.N. Gerasimov. They concluded that the most efficient method of thermal protection of two-
layer walls is variation exterior layer along with constant width of inner layer that corresponds to minimal
parameter of pillar cross section, determined by obtained value of bearing capacity.

Enclosing structure, applying in low-rise construction and in attic erection, is chosen as object of
research. The structure consists from galvanized steel profile TS200-50-1.5, filled with non-autoclave cast in-
situ foamed concrete in condition of natural moist contain (D200, 300 mm). Object was tested in climate
chamber to determine thermal technical properties of construction.

Results of wall fragment thermal technical properties evaluation by climate chamber presented in article
[34]. Temperature values on wall-slab joint (thermal conductive location) have been determined and compared
to values calculated according to calculated values of temperature and dew point parameters.

There are developed three Standards that set regulations for design and construction cast in-situ, non-
autoclave foamed concrete buildings. Saint-Petersburg Peter the Great Polytechnic University research group
(N.I. Vatin, V.A. Rybakov, and A.O. Rodicheva) developed Company's Code

1) STO 83835311.001-2015. Reinforced concrete structures from heat-insulating non-autoclave
monolithic foam concrete with rigid reinforcement from profile steel, with facing with asbestos-cement and
glass-magnesite sheets. Design rules. (“Monplaisir”, Ltd., Russia)

2) STO 06041112.001-2018 (changed 10.02.2019). Panels from steel concrete structures based on
heat-insulating non-autoclave monolithic foam concrete, profile steel faced with fibrocement sheets. (“INTECH
LB”, Ltd., Russia)

3) STO 06041112.002-2018 (changed 10.02.2019). Steel concrete structures from heat-insulating
non-autoclave monolithic foam concrete, profile steel with facing with fibrocement cement sheets. Design
rules. (“INTECH LB”, Ltd., Russia)

Requirements for cast in-situ foamed concrete are based on STO 83835311.001-2015,
STO 06041112.001-2018, and STO 06041112.002-2018 and developed by Saint-Petersburg Peter the Great
Polytechnic University research group.
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Foamed concrete is a widely applicable material due to its economic efficiency. Main drawback of this
material — low mechanical strength can be coped with framework for construction. Lightweight steel framing
from thin wall profiles is one of the most convenient option for this purpose.

This research is focused on determination of thermal protecting properties of non-autoclave cast in-situ
foamed concrete after strength gain in reinforced and unreinforced sections of enclosing structure, consisting
of steel thin-wall profiles framing and cast in-situ foamed concrete.

Research process can be divided on solution of three goals:
1. Determination of physical and mechanical properties of foamed concrete- used in research;

2. Determination of thermal protecting properties of bearing enclosing structures, consisting of steel thin-
walled profiles and cast in-situ foamed concrete;

3. Comparison of thermal resistance values in reinforced and unreinforced sections of structure.

2. Methods

2.1. Determination of thermal and mechanic parameters of thermal insulating
constructive material

2.1.1. Determination of humidity

Humidity of foamed concrete is determined according to Russian State Standard GOST 12730.2-78.
Twelve samples (100x100x100 mm) have been weighted in moist condition, put in low temperature
experimental furnace SNOL 67/350 and being dried (+105 °C) until mass can be considered constant
(approximately 48 hours). Then dry samples being weighted again and humidity being calculated by formula

(1):
m

wo ="M 100 9, (1)
m

c

where W, is samples humidity, %;
myp is mass of samples before drying, kg;

m¢ is mass of samples after drying, kg.

2.1.2. Determination of density
1. Density is found by formula (2):

, ()

where pis density, kg/m3;
m is mass, kg;
V'is volume, m3.
Results of density and humidity determination are presented in Table 1.

Table 1. Density and humidity of samples.

Samples number Mass of moist samples, kg Density, kg/m? Mass of dry samples, kg Humidity, %
1 0.497 497 0.342 45
2 0.441 441 0.307 44
3 0.458 458 0.32 43
4 0.466 466 0.327 43
5 0.472 472 0.36 43
6 0.511 511 0.33 42
7 0.469 469 0.327 42
8 0.46 460 0.307 41
9 0.44 440 0.331 43
10 0.441 441 0.306 44
11 0.502 502 0.348 44
12 0.624 624 0.438 42
Average value - 481.75 0.337 43
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2.1.3. Determination of strength

Each specimen is being tested by compact experimental press MIP-25/50 to evaluate compressive
strength. Samples 2, 4, 6, 11 have been put in plastic containers to conserve dehydrated condition after drying
in SNOL 67/350 furnace. Samples 1, 3, 8, 12 were tested in conditions of natural humidity; mass of these
Samples raised by 3-5 grams since furnace extraction. Results presented in Table 2.

Table 2. Compressive strength of specimens.

Samples number Humidity, % Mass, kg Compressive strength, MPa
1 1 0.346 0.1
2 0.1 0.307 0.14
3 1 0.323 0.15
4 0.1 0.327 0.1
6 0.1 0.36 0.19
8 1 0.331 0.12
11 0.1 0.348 0.16
12 1 0.443 0.12
Average value 0.135

2.2. Determination of thermal protecting properties of enclosing structure based
on thin-wall steel C-beams and cast in-situ foamed concrete.

Structure consists from non-autoclave cast in-situ foamed concrete D200 block (460x760x300 mm) with
natural humidity (tests performed 37 days after casting) and two galvanized steel C-beams PS 200-50-1.5
(Figure 1).
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Figure 1. Geometric parameters of samples. Location of temperature sensors.

Goals of the experiment are determination of thermal resistance in points of reinforced and unreinforced
foamed concrete, their comparison and analytic comparison of actual resistance to thermal transition to
structure with theoretic calculation for the samples.

2.2.1. Determination of thermal technical properties of enclosing structure, climate chamber tests

Structure has been put in climate chamber TX-500, with following temperature conditions: temperature
in cold (exterior) section is set on —30 °C, temperature in warm (interior) section) set on +24 °C. The sample
was subjected to chamber tests until installation of thermal process balance, in this case — 3 days.
Temperature sensors and sensors of heat flow were installed on surface of the sample (Figure 1). Results are
formed in Table 2. Charts that represent dependence of surface temperature om time and dependence of heat
flow on time presented on Figures 3, 4.

Coefficient of thermal conductivity is determined by formula (3):
Results of coefficient of thermal conductivity calculation put in Table 4. Approximate value is calculated
for each point after installation of thermal balance, in this case balance was set on 4:57 07.06.2017.

Rybakov, V.A., Ananeva, [.A., Pichugin, E.D., Garifullin, M.

14



Magazine of Civil Engineering, 94(2), 2020

Table 3. Temperature value sand heat flows values in interior and exterior points of wall samples.

Date Time Point 1 Point 2

Day/ month/year  Hour/minute Heat flow Interior Exterior Heat flow Interior Exterior

W/m?2 temp., °C temp., °C W/m?2 temp., °C temp., °C

05.05. 16:57 10.733 21.61 23.17 6.776 23.09 23.3
05.05. 19:57 34.892 18.01 —26.26 26.205 20.95 -25.8
05.05. 22:57 41.942 17.2 —26.53 41.693 20.14 —26.44
06.05. 1:57 46.919 17.02 —26.68 50.544 19.88 —26.72
06.05. 4:57 52.112 17.19 —26.69 54.82 20.02 —26.8
06.05. 7:57 52.868 17.77 —26.76 62.061 20.59 —26.87
06.05. 10:57 51.413 17.98 —26.9 62.293 20.75 —27.01
06.05. 13:57 53.769 18.58 —26.9 64.086 21.36 —27.03
06.05. 16:57 51.638 18.38 —26.96 62.781 21.06 —27.13
06.05. 19:57 50.962 17.96 —26.91 60.947 20.55 —27.1
06.05. 22:57 52.152 17.69 —26.94 65.48 20.29 —27.07
07.05. 1:57 49.82 17.65 —26.89 62.974 20.26 —27.06
07.05. 4:57 56.092 17.85 —26.93 64.895 20.37 —27.12
07.05. 7:57 57.965 20.93 —26.99 73.648 23.5 —27.1
07.05. 10:57 51.404 19.92 —27.11 68.787 22.42 —27.27
07.05. 13:57 49.483 19.75 —-27.13 71.43 22.29 —27.22
07.05. 16:57 52.964 19.39 -27.02 68.723 21.85 —-27.12
07.05. 19:57 49.829 18.72 —26.91 65.984 21.08 -27.02
07.05. 22:57 48.752 18.51 —26.99 71.406 20.93 —-27.14
08.05. 1:57 49.941 18.62 —26.91 68.676 20.96 —27.06
08.05. 4:57 52.369 18.78 —-27.03 68.26 21.05 —27.11
08.05. 7:57 58.463 21.09 —26.96 72.279 23.49 —27.09
08.05. 10:57 57.764 23.63 —-27.15 77.732 26.05 —-27.18
08.05. 13:57 60.24 20.84 —27.09 64.07 23.17 —-27.13
08.05. 16:57 54.548 19.88 —27.09 67.018 22.26 —-27.12
Date Time Point 3 Point 4

Day/ month/year  Hour/minute H?ﬁ}r‘:‘;w telrr:?:!irc mor?tﬁ%ear Hour/minute H?ﬁ}r‘:‘;w telrr:?:!irc
05.05. 16:57 16.194 21.19 22.47 24.958 21.87 22.81
05.05. 19:57 19.387 19.43 —25.67 28.275 21 —24.48
05.05. 22:57 30.154 18.79 —26.09 35.133 20.89 —-25.25
06.05. 1:57 31.402 18.5 —26.31 40.217 20.99 —25.53
06.05. 4:57 43.019 18.66 —26.34 41.656 21.32 —25.67
06.05. 7:57 38.47 19.19 —26.48 47.48 22.07 —25.79
06.05. 10:57 40.138 19.36 —26.68 44.839 22.32 —26.01
06.05. 13:57 39.028 19.92 —26.71 44.083 22.98 —26.08
06.05. 16:57 37171 19.73 —26.8 42.373 22.69 —26.16
06.05. 19:57 44.586 19.3 —26.73 42.866 22.23 —26.13
06.05. 22:57 36.372 19.09 —26.74 42.126 22.03 —26.16
07.05. 1:57 35.581 19.09 —26.72 41.982 22.04 —26.09
07.05. 4:57 39.412 19.26 —26.76 41.021 22.22 —26.09
07.05. 7:57 41.009 22.19 —26.84 43.256 25.44 —26.23
07.05. 10:57 43.729 21.33 —27.04 42.644 24.39 —26.35
07.05. 13:57 35.995 21.2 —27.01 43.725 24.21 —26.35
07.05. 16:57 36.518 20.88 —26.91 41.227 23.76 —26.27
07.05. 19:57 34.021 20.2 —26.82 39.27 23.05 —26.17
07.05. 22:57 36.858 19.98 —26.88 40.256 22.95 —26.24
08.05. 1:57 40.124 20.1 —26.81 39.453 22.98 —26.18
08.05. 4:57 36.097 20.17 —26.98 38.776 23.09 —26.22
08.05. 7:57 40.893 22.58 —26.89 42.882 25.62 —26.25
08.05. 10:57 43.737 25.08 —27.04 46.096 28.25 —26.43
08.05. 13:57 37.199 22.36 —26.99 37.424 25.23 —26.31
08.05. 16:57 35.843 21.45 —26.98 38.999 24.34 —26.28

Used next formulas from ISO 7345:1987 Thermal insulation — Physical quantities and definitions (MOD),
determine coefficient of thermal conductivity:

Rybakov, V.A., Ananeva, [.A., Pichugin, E.D., Garifullin, M.
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e LT
q
(3)
2=44
-1,

where A is coefficient of thermal conductivity, W/(m-K);
q is heat flow, W/m?;
d is wall thickness, m;

T, T» are temperature of wall surfaces, °C

Table 4. Coefficient of thermal conductivity of surface.

Date Day/month/year Time Hour/minute Coefficient of thermal conductivity, W/(m-K)

Date Time Point 1 Point 2 Point 3 Point 4
07.05. 4:57 0.376 0.41 0.257 0.255
07.05. 7:57 0.363 0.437 0.251 0.251
07.05. 10:57 0.328 0.415 0.271 0.252
07.05. 13:57 0.317 0.433 0.224 0.259
07.05. 16:57 0.342 0.421 0.229 0.247
07.05. 19:57 0.328 0.412 0.217 0.239
07.05. 22:57 0.321 0.446 0.236 0.246
08.05. 1:57 0.329 0.429 0.257 0.241
08.05. 4:57 0.343 0.425 0.23 0.236
08.05. 7:57 0.365 0.429 0.248 0.248
08.05. 10:57 0.341 0.438 0.252 0.253
08.05. 13:57 0.377 0.382 0.226 0.218
08.05. 16:57 0.348 0.407 0.222 0.231

Average value 0.344 0.422 0.24 0.244

Technical thermal resistance is calculated by formula (4) (For reinforced section is R, for unreinforced
section is Rp).

d
R=—, (4)
A
where R is thermal resistance, (m2-K)/W;
d is wall thickness, m;
A is coefficient of thermal conductivity, W/(m-K)

0.3 2K 0.3 2K
R =—2"-=0783""2, g =—>=_=12392 2
0.383 w 0.242 w
Thermal resistance diagram for sample section is plotted to calculate thermal resistance for whole

construction (Figure 2).
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Figure 2. Thermal conductivity resistance for specimen cross section.
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Average value of thermal resistance is calculated:

2

R=1;41+A2+1j1j...+12 _1209™m K. i
14 4 + 24 W ®)
Rl R2 R3 Rn

Formula (6) is applied to obtain thermal conductivity:

RO:L+R+L, (6)
a, a,

where «; is heat exchange coefficient for interior surface of enclosure structure by Set of Rules 50.13330.2012

m’-K
);

(a, =8.7

a.is heat exchange coefficient for exterior surface of enclosure structure by Set of Rules 50.13330.2012

2
X
(e, =23 mW ):

R is thermal resistance, (m2-K)/W.

2
R = 411209+ —1367™ K
8.7 23 W

o

a0

80
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Heat flow rate, Wim™2

&0

Time, h:min

o B R e R R R S R

Ca
R TN CN T B AN ]

AT < . D S L L . S R B o o
Heat flux in point 1 Heat flux in point 2

Heat flux in point 3 Heat flux in point 4

Figure 3. Heat flow chart.

3. Results and Discussion

Technologies of cast in situ non-autoclave foamed concrete buildings construction are lack in Russian
industry in 2020. Thus, Business association “SOVBI” is a unique manufacturer of bearing enclosing
structures, based on thin-wall profile metal framing and cast in situ foamed concrete. Therefore, research
from this article does not have any analogue, and consideration of comparison of obtained results with
others is premature. Researches of thermal-saving properties of this kind of structures are also lack abroad.

However, in order to evaluate adequacy of obtained results, method from ISO_06946—2007 can be
applied.
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3.1. Theoretical calculation of thermal conductivity resistance for non-uniform
enclosing structure

Calculation of thermal conductivity resistance for non-uniform enclosing structure is performed
according to following rules ISO_06946—-2007.

The total thermal resistance R,, of a component consisting of thermally homogeneous and thermally
inhomogeneous layers parallel to the surface is calculated as the arithmetic mean of the upper and lower limits

of the resistance:
R +R!
R, === (7)

where R} is the upper limit of the total thermal resistance, is determined by formula:

R A

R} RT a RTb RT c RT d R

Te
fas fo; fes fa; fe are fractional area of each section (Figure 5).

(8)

40

Temperaturs, *C
v

45.5 3 485 314

330

—a— Point 1 int Point 1 ext

Point 2 int Pomnt 2 ext

10 == Point 3 int == Point 3 ext == Point { int == Point 4 ext

Figure 4. Surface temperature chart. Figure. 5 Division to planes.

Rr4; Rrp; R1e; Rre are the total thermal resistances from environment to environment for each section,
calculated using Equation (4).

1,03 0.0485 L0003 1 mK
R, 703777005 00015 0197  0.05 02 044 W
0.08 0.08 47 008 T 0.08 47

R;’ is the lower limit of the total thermal resistance:

Calculate an equivalent thermal resistance, R;, for each thermally inhomogeneous layer using Equation

(9):
LA

: (9)
Rj Raj Rb/ Rc_'/‘ Rdj Rej
The lower limit is then determined using Equation (10):
R/ =R +R,+R,+R,+R.. (10)

1
Determine R_ for every layer with Equation (9):
J
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1 0.33+0.0485+0.003+0.00485+0.33 w
B =1.216 ;
R 0.05 m>- K
0.08
1 0.33  0.0485+0.003+0.0485 /4
& 200015t 0.0015 31682
0.08 47
1 0.3785 0.003 /4
& 20197 oo TPk
0.08 47
1 1 1 1 .
— =— and — =— as the layers are similar, thus:
R R R, R,
2
R =262 K.
2
R - 2.27+2.62 :2.44mW}K.

4. Conclusions

1. Research shows that strength properties of material do not allow to evaluate concrete with axial
compression strength class, thus impact of foamed concrete on composite mechanical strength is negligibly.
Maijor function of foamed concrete is thermal insulation.

2. Identified thermal protective properties of composite structure made of foamed concrete and steel
thin-wall profiles have been determined experimentally in sections with/without reinforcement: reinforced
sections — 0.783 (m2-K)/W; unreinforced sections — 1.239 (m2-K)/W

3. It's established that the heat resistance of the enclosing structure in reinforced section is 63 % of
resistance in unreinforced one.

4. Shown comparison of thermal conductivity resistance of non-uniform enclosing structure has been
performed by experimental and theoretical methodic :thermal conductivity resistance of enclosure, obtained
experimentally — 1.367(m2-K)/W; thermal conductivity resistance of enclosure, obtained by calculation —
2.44(m2-K)/W.

5. It's established that the heat resistance of the thermal conductivity of non-uniform enclosure,
obtained experimentally is two times less than resistance, calculated theoretically.

6. It is recommended to modify enclosure made of steel thin-wall profiles and foamed concrete with
layer of mineral wool for optimal heating performance according to requirements for Province of Leningrad.

7. Explanation of the discrepancies between the practical and theoretical values of the heat
transmission resistance:

7.1 As we used monolithic foamed concrete on the site in the winter time, high probability that during
the process of pouring of the sample, water or snow penetrated into the pores of sample and decrease heat
transmission resistance.

7.2 Experimental accuracy.
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