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Abstract. In modern construction, one of the main indicators of the quality of housing for users
of multi-storey buildings is still noise. The task of preventing the noise that occurs in the house itself
needs to be given more attention when designing and soundproofing. It is known that extraneous
sounds penetrating into a living space cause a negative impact not only on the psychological state of a
person, but also on the physical one. In this regard, each user of the premises wants to receive
comfortable conditions for staying in them. To achieve this condition, it is necessary to develop
effective structural and technological schemes for soundproofing the floor from impact noise, as well
as their verification and evaluation using the theory of planning experiments.

This article is devoted to solving an important issue of sound insulation of floors in
monolithic reinforced concrete multi-storey residential buildings, namely from impact noise. The
article considers the structural and technological schemes of sound insulation of the floor of fifteen
types, using different materials and their combinations to achieve regulatory requirements for sound
insulation from impact noise.

It was determined that the thickness of the layer of materials and the density have a significant
effect on the insulation performance against shock noise. The work investigated floor constructions
based on layers of changing materials. Specifically, such parameters as the thickness (50+10 mm) and
density (300£50 kg/m®) of polystyrene concrete "Izolkap" and the thickness of the semi-dry screed
(50+10 mm).

When choosing the most rational design and technological scheme used the results of
planning theory, as well as indicators of reduced impact noise, obtained as a result of field tests, it
allowed to choose the most rational and effective version of "floating” floor — based on materials
"Akuflex™" and "lzolkap™ (polystyrene concrete) — scheme Nell, the index of the reduced level of
impact noise is Lnw = 52 dB.

The arrangement of the structural and technological scheme of floor sound insulation Nell
allows to reduce the level of initial impact noise in the room by 37.5%.

Keywords: sound insulation, impact noise, "floating" floor, multilayer system.

Introduction. In modern construction, one of the main indicators of the quality of housing for
users of multi-storey buildings is still noise. Noises can be heard both from the street — technogenic
and biogenic (noise from transport, stadium, open entertainment clubs), and from housemates.
Massive or multi-layer building envelopes and efficient window systems help to prevent outside
noise. In turn, the tasks of preventing noise that occurs in the house itself must be given more
attention when designing and soundproofing. Since it is known that extraneous sounds penetrating
into a living space cause a negative impact not only on the psychological state of a person, but also
on the physical one, therefore, in this regard, each user of the premises wants to receive comfortable
conditions for staying in them. To create such conditions, it is necessary to develop effective design
and technological schemes for soundproofing the floor, as well as their verification and evaluation.
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Recent research researches and publications results. There are two main types of noise in
the construction industry: airborne and structural. It should be noted that noise is understood as a
chaotic mixing of sounds. Airborne noise is transmitted through air, while structural noise is
transmitted through a solid body. One of the types of structural noise is shock [1]. So, in most of the
series of houses that were built in the last century, central heating was arranged. In such systems,
metal pipes were used to supply the coolant to the heating radiators. At the same time, strikes on the
central heating radiator, for example, during repairs on the ground floor of the house, are most
likely to be heard by residents, even at a considerable distance from the source.

An analysis of sources showed that during the construction of frame-monolithic buildings, for
the most part, sound insulation by the developer is not provided for housing, especially economy or
comfort class [2-4]. But, at the same time, it largely depends on the materials that were chosen for the
construction of buildings. Thus, internal inter-apartment walls, which in the vast majority of buildings
are made of aerated concrete, have a lower rate of sound insulation from airborne noise than walls
made of ceramic bricks. At the same time, walls with ceramic walls have similar indicators in terms of
airborne noise insulation, which, due to the structural features of buildings, are made of monolithic
reinforced concrete. However, this significantly increases the impact noise penetration rate.

In turn, for developers who position themselves as builders of luxury real estate, the use of
high-quality and effective sound insulation in buildings is required. At the same time, the issue of
additional soundproofing of premises from the developer comes to the fore. In this case, the fact
that at the stage of building construction, the complex sound insulation of floors, walls,
communications, reduces the level of penetration of various types of noise is not ruled out.

In many new residential complexes and old buildings, residents have to independently carry
out construction work that is aimed at getting rid of noise [5-7]. At the same time, they, first of all,
need to decide which type of noise they need to deal with. Because for different types of noise and
insulated structures there are their own design and technological solutions. In most cases, only
complex insulation of ceilings and walls will help to solve issues related to sound insulation and
achieve comfortable conditions in the premises.

It is known that the level of insulation of airborne noise of an interfloor ceiling or load-bearing
walls is determined, first of all, by the massiveness and thickness of the structure. However, this
solution is not always economically feasible. In the case of insulation from impact noise, in most cases
it is necessary to apply special technological solutions using additional structures. Thus, for isolation
from the types of noise discussed above, it is necessary to apply unique design and technological
solutions.

One of the structures through which structural noise is transmitted are floor slabs, monolithic
or prefabricated. This is especially true for frame-monolithic or prefabricated buildings, which have
been built in large numbers since the beginning of the 21st century. One of the most effective ways
to deal with this type of noise is, from the point of view of building acoustics, the construction of a
"floating™ floor [7, 8].

This design is a massive screed of fine-grained concrete (often with a semi-dry cement-sand
mixture) or lightweight concrete, which are laid on the interfloor overlap over a layer of material
with elastic properties. At the same time, the "floating" floor screed should not have rigid
connections with both the load-bearing and enclosing structures of the building [9]. To do this, it is
separated from the side surfaces of walls, diaphragms and partitions with elastic gaskets (damper
tape). As the material of the insulating layer, in most cases, slabs of acoustic mineral wool on a
basalt or fiberglass base are used. It is also possible to use various types of foamed polymeric or
fibrous roll materials.

The sound insulation index of a floating floor depends on the thickness and structure of the
screed material and the elastic properties of the gasket material. In some cases, the use of various
types of soundproofing materials can achieve a reduction in impact noise by more than 40 dB.
Therefore, the search for optimal design and technological solutions and materials that are aimed at
obtaining structures that provide standard sound insulation indicators becomes an urgent task.
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Materials and methods of study. In the structures under study, the thickness of the
monolithic reinforced concrete floor slab was 180 mm. In turn, for isolation from impact and
structure-borne noise, a simple thickening of the structure is not effective. Therefore, it is necessary
to use specially developed and more effective design and technological solutions for floor
soundproofing.

The studies were carried out in natural conditions, in apartments of houses built according to a
frame-monolithic scheme. Two apartments are allocated for each type of floor soundproofing
construction. This is necessary for the reliability of the results obtained and the elimination of the
error factor in the performance of works [10]. The following materials were used in the research:

— "lzolkap" — polystyrene concrete, which is a light mixture for the installation of heat and
sound insulating screed, which consists of Portland cement and filler treated with a special additive.
As a filler, inert expanded polystyrene granules (@ 6-8 mm) are used, with high thermal insulation
ability. The material belongs to the class of lightweight concrete.

— "Akuflex" is a rolled material based on specially processed polyester fibers, developed in
accordance with modern requirements for room acoustics and working to absorb impact noise. The
material is used as a soundproofing base in the construction of "floating™ floors. It is a layer
between the screed and the floor finish. In addition, "Akuflex" can be used as a damping layer
under the screed for additional insulation against impact noise.

Experimental planning theory was used to conduct experimental studies. In accordance with
this theory, a 15-point plan of experimental studies was used. In it, each of the factors changes at
three different levels [11]. They are conditionally designated -1, 0 and +1.

The following factors and levels of their variation were adopted in the work, Table 1:

— thickness of the layer "lzolkap” (X1) — (50 = 10) mm;

— thickness of the c/p screed (X;) — (50 = 10) mm;

— density of "Izolkap" (X3) — (300 + 50) kg/m°.

Table 1 — Factors and levels of their variation

Factors
Levels of X1 X5 X3
variation Thickness of the layer Thickness of the layer Density of "lzolkap",
"Izolkap", mm c/s screed, mm kg/m?
-1 40 40 250
0 50 50 300
+1 60 60 350

Factors of the thickness of the material "lzolkap™ (polystyrene concrete) and the thickness of
the c/p screed can affect the impact and airborne sound insulation, and also affect the complexity
and time of work.

The density factor of the "lzolkap"” material directly affects the impact noise index, since the
greater the density, the more cement in the material, which increases the impact noise index, and
this also affects the complexity of laying the material and the time of work.

The studies were carried out using a 15-point three-factor experiment plan, which is shown in
Table 2.
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Table 2 — Experiment plan

Scr]:g_) me X1 X2 X3 "Izolkap"”, mm |C/s screed, mm Dens1t%%(3)lkap»,
1 +1 -1 -1 60 40 250
2 +1 -1 +1 60 40 350
3 +1 0 0 60 50 300
4 +1 +1 -1 60 60 250
5 +1 +1 +1 60 60 350
6 -1 -1 0 40 40 300
7 -1 0 -1 40 50 250
8 -1 0 0 40 50 300
9 -1 0 +1 40 50 350
10 -1 +1 0 40 60 300
11 0 0 0 50 50 300
12 0 -1 +1 50 40 350
13 0 -1 -1 50 40 250
14 0 +1 -1 50 60 250
15 0 +1 +1 50 60 350

Research results. Work performance technology. Organizational and technological processes
of the device of constructive and technological schemes of the floor.

1. Preparatory work. Leveling the floor slab (filling depressions and caverns, beating off large
influxes of concrete), as well as grouting the fixings of the facade slab to the floor slab with mortar
and grouting geodesic holes in the floor slab.

Installation of a damper tape around the perimeter of the premises Fig. 1, and cleaning the
surface from debris, as well as dedusting the surface.

Fig. 1. Installation the damper tape

2. The installation of the material "lzolkap". Preparatory work (kneading and supply of
material, lifting tools, equipment to the floor). The material device process is shown in Fig. 2.
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Fig. 2. The installation of "Iolp"

3. The device of the material "Akuflex".

3.1. Preparatory work for the device material "Akuflex":

A) Partial sealing of the surface of the coating in places of formation of cavities and junctions
of heating pipes with "Izolkap" material, cleaning of sags on a previously made surface.

B) Cleaning the damper tape from contamination with "lzolkap" material.

3.2. Laying material "Akuflex". It is produced by gluing rolls of material to each other with
reinforced tape, with an overlap of 5-10 cm, as well as gluing the roll to a damper tape. The process
of laying the "Akuflex" material is shown in Fig. 3.

Fig. 3. Laying material "Akuflex"

4. Installation of a cement-sand screed Fig. 4.

Fig. 4. Installation of a cement-sand screed
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Measurements of sound insulation of reduced impact noise consist of the following stages:
preparation for testing premises; measurement of the level of impact noise under the ceiling when
creating shock effects on it; processing of measurement results.

Research equipment. For acoustic studies, the following set of measuring equipment was used:

» Acoustic multifunctional counter "Octava-ECOPHYSICS";

* Standard percussion machine "UM-10";

* Microphone dBX;

* Software package for measurement of reverberation time based on PC;

* Preamp P200;

* Acoustic system dB Technologies OPERA 605D.

Measurement of impact noise insulation was carried out according to the methods of DSTU B
V.2.6-86:2009 (Fig. 5), calculation according to DSTU B V.2.6-85:20009.

The results of field tests are shown in Table. 3. Floor structures No. 1, 2, 4, 7, 11, 14 — comply
with regulatory requirements, floor structures No. 2, 3, 5, 6, 8, 9, 10, 12, 13, 15 — do not comply
with regulatory requirements.

Table 3 — The results of field tests
NoNe Plan line number

p/p 1] 231456789 10[1112]13[14]15
L'nw,dB |54 |57 |56 |52|56|55|53|56|56|57]|52|57]|56]52]57

Fig. 5. Measurement of impact noise insulation

Prospects for further research. It should be noted that it is necessary to study the cost of
arranging such floors. This will make it possible to optimize these works not only in terms of
structural features, but also in terms of the economic component.

Conclusions:

1. The results of full-scale studies of structures for impact noise using the theory of planning
experiments made it possible to choose the most rational option for sound insulation.

2. It has been established that the arrangement of the structural-technological scheme for
soundproofing floor no. 11 makes it possible to reduce the level of the initial (uncoated reinforced
concrete slab) impact noise in the room by 37.5%.

3. Floor structures with thicknesses of "lzolkap™ materials (with a density of 250 and 300
kg/m®) and a c/s screed of 40 mm are not sufficient and will not satisfy the strength indicators,
which in the future may lead to rapid wear and destruction of the structure.

4. Floor structures with thicknesses of "1zolkap" materials (with a density of 300 and 350 kg/m®)
and a 50 mm cf/s screed are sufficient and meet the necessary sound insulation and strength
requirements.
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5. Floor structures with thicknesses of "lzolkap™ materials (with a density of 300 and 350

kg/m®) and a cement/sand screed of 60 mm are sufficient and meet the necessary requirements for

sound insulation and strength, but are more difficult to manufacture and are not economically
viable.

132

6. The work requires further research, thanks to which the optimal insulation parameters will

be determined, taking into account the cost of installing such floors.
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AHoTamif. Y cydacHoMy OyIIBHUITBI OJHMM 3 OCHOBHHX IOKAa3HHKIB SIKOCTI >KHATJIA ISt
KOPHCTYBadiB  IPHUMIIIEHb, 0araTronoBepXOBUX OyIWHKIB  3aJMINAETHCS  IIYM. 3aBIaHHAM
MEPEIIKO/DKAHHS IIyMy, 110 BUHHKA€E B caMOMy OyIMHKY, HEOOXiIHO NPUIUIMTH OUIbIIY yBary mpu
MPOCKTYBaHHI Ta BJIAINTYBaHHI 3BYKOI130isMii. BiomMo, 10 CTOpOHHI 3BYKH, IO MPOHUKAIOTH Y
KHUTIIOBE TPHUMIIICHHS, CTalOTh MPUYMHOI0 HEraTHMBHOTO BIUIMBY HE JIMIIE HA TICUXOJIOTIYHUN CTaH
JTOAMHM, a ¥ Ha (i3uyHuA. Y 3B'I3Ky 3 UM KOXEH KOPUCTyBad IPHMIIIEHb XO4Y€ OTPUMATH
KoM(OpPTHI yMOBH TiepeOyBaHHS B HUX. /)11 JOCSTHEHHS 11i€1 yMOBH HEOOXITHO pO3poOUTH eEKTHBHI
KOHCTPYKTUBHI Ta TEXHOJIOTIYHI CXEMH 3BYKOI3OJSAIIi MiJIOTH BiJ YAApHOTO IIyMy, a TaKOX iX
MIEPEBIPKH Ta OLIHKHU 3 BUKOPUCTAHHIM TEOpil IUTaHYBaHHS €KCIIEPUMEHTIB.

JlaHa CTarTsl NPUCBSYEHA BUPILICHHIO BAXJIMBOIO IUTAHHS 3BYKOI30JALII MEPEKPUTTIB
MOHOJTITHHX 3aJTi300€TOHHUX 0araTornoBEepPXOBHX KUTIOBUX OYJMHKIB, a caMe BiJ yIapHOTO mymMy. Y
CTaTTl PO3TISHYTO KOHCTPYKTUBHO-TEXHOJIOTTYHI CXEMH 3BYKO130JIALIT MiAJIOTH 11’ ATHAISTH TUIIB 13
3aCTOCYBaHHSM PI3HHX MaTepialliB Ta 1X KOMOIHAIM It JOCATHEHHS HOPMATHBHUX BHMOT JIO
3BYKOI130JIS1I1{ Bif] YIAPHOTO LIyMYy.

BusnayeHo, mo Ha TOKa3HWKM 130JIALIi BiJ] YAapHOTO IIyMY JOCHTH BaroMoO BILJIHBA€E
TOBIIMHA IIapy MaTepialliB Ta MIIIbHICT. B po0OTI mocmipkyBanucs KOHCTPYKILIT MiJJIOTH Ha
OCHOBI IIapiB MaTepialiB, MO 3MIHIOBAIKCA. A camMe Taki MOKa3HHUKH sK ToBmuHA (50+10 Mm) Ta
mripHICTB (300+£50 KF/M3) nonictuposnberony «lzolkapy ta TosimHa HamiBcyxoi CTHKKH (5010 Mm).

I[Ipu  BuOOpi  HaMOLIBII  pallOHAJbHOI  KOHCTPYKTUBHO-TEXHOJIOTIYHOI  CXE€MHU
BUKOPHUCTOBYBAJIUCS PE3YJbTATH TEOpii MIaHyBaHHs, a TAaKOXX IMOKA3HUKH 3HM)KEHOTO YIapHOTO
IIyMy, OTpHUMaHi B pe3ylnbTaTl HATYpHUX BHUIpPOOyBaHb, 110 JO3BOJIUIO BUOpATH HANHOUIbII
panioHaJbHUM 1 ePeKTUBHUNA BapiaHT «IJIaBar4oi» MiJJIOTH — Ha OCHOBI MaTepianiB «AKydiekcy
Ta «[30mkan» (momictuponbeTon) — cxema Nell, moka3HMK NMPUBENEHOrO PIBHS YJApHOTO IIyMY
Lnw = 52 nb, mo #a 9,1% MeH111€ 32 HOPMaTUBHUI.

BrnamryBaHHS KOHCTPYKTUBHO-TEXHOJIOTIUHOI cXeMH 3BykKoizouswii miajmorua Nell no3Bomsie
3HU3WUTH PIBEHb IOYATKOBOTO (3a11300€TOHHA IIUTa 0€3 MOKPUTTS) YAapHOIo IIyMY B IPUMIIIEHH]
Ha 37,5%.

Ki1rouoBi ciioBa: 3ByK0130J1s1111s1, yIApHUH IIYM, «TUIaBar0yay IiJyIora, 0araTomapoBa CUCTEMa.
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