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Abstract. The dynamic development of urbanization in Ukraine, as well as throughout the
world, only increases the number of noise sources that disturb people. And this cannot be ignored,
because insufficient sound insulation in an apartment threatens people with neuroses, changes in
biorhythms, disorders of the digestive system, headache, memory impairment, problems associated
with the perception of color. Therefore, you need to pay maximum attention to the sound insulation
of premises during the construction of residential buildings.

One of the main disadvantages of monolithic reinforced concrete multi-story buildings is
noise. Penetrating into the apartment, he becomes the cause of irritation, an obstacle to sleep or
concentrated work. It's no secret that high-quality soundproofing of premises plays an important
role in our life and is necessary for our comfortable well-being.

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

When choosing the most rational structural and technological scheme, the results of a
comparative analysis of organizational and technological indicators for the device of soundproofing the
floor were used, as well as indicators of the reduced impact noise obtained as a result of full-scale tests.

Full-scale tests were carried out in houses under construction. The technology for performing
each type of floor will depend on the chosen structural and technological scheme, and in the future,
the comfort of the residents of the apartment. Comparison of the structural and technological
schemes in the future will allow to study and develop a modern and highly efficient structural and
technological scheme of the floor sound insulation structure.

Keywords: sound insulation, impact noise, multilayer system.

Introduction. Constant noise, sounds, conversations of neighbors, loud music can not only
irritate, but also affect not only the psychological state of a person, but also the physical one. So that
future residents of apartments do not have problems with the nervous system, stress and lack of
sleep, when designing buildings, one must seriously consider the development of constructive and
technological schemes for soundproofing the floor, as well as their verification and evaluation,
which is what this work is devoted to.

Analysis of recent research. One of the main disadvantages of high-rise buildings is noise.
Both street and from neighbors in the house. Penetrating into the apartment, it becomes a cause of
irritation, a hindrance to sleep or concentrated work.

There are two main types of noise: airborne and structural. The medium of distribution of the
first is air, the second — a solid body. Airborne noise includes, for example, the conversation of
people in the next room or a working TV. Structural noise can be caused by furniture moving on the
floor or the sound of a hammer and is one of its most unpleasant types — percussion, which can be
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heard even at a considerable distance from the source (the strikes on the central heating battery on
the first floor of the house will surely be heard by residents on the seventh).

If the level of airborne noise insulation by an inter-floor ceiling is determined primarily by the
massiveness and thickness of the floor slab, then with regard to impact noise insulation, the problem
is always solved by additional structures.

The most important and most effective way to increase impact sound insulation, from the
point of view of building acoustics, is the construction of a "floating™ floor structure.

In the general case, a floating floor is a massive screed made of concrete or a cement-sand
mixture laid on an inter-floor ceiling over a layer of elastic material. The floating floor screed
should not have any rigid connections with the enclosing structures, therefore it is separated from
the side surfaces of the walls and partitions with elastic gaskets (damper tape). As a material of the
insulating layer, as a rule, slabs of acoustic mineral wool on a basalt or fiberglass base or various
foamed polymeric roll materials are used.

The sound insulation of a floating floor depends on the massiveness of the screed and the
elastic properties of the gasket material and, as a rule, is ALn,w = 23-28 dB. In some cases, the use
of highly effective soundproofing materials can achieve a reduction in impact noise by more than
40 dB.

Most often, in economy and comfort class housing, soundproofing is not provided. In most
cases, developers use a little-known characteristic as a bonus for investors, since it is not enshrined
in building codes and does not affect the cost per square meter. High-quality and effective sound
insulation is required except for luxury real estate, since buyers' requirements for such premises are
much higher than those who buy budget housing. In low-cost new residential complexes and old
houses, residents have to independently carry out repairs that will help get rid of noise [1-3]. But, at
the construction stage, the likelihood of poor-quality or incorrect soundproofing is much less.
Therefore, the complex implementation of work on the installation of soundproof floors simplifies
the creation of comfortable conditions for future residents of the apartment [4-6]. There are the
following types of noise: air — any sound vibrations transmitted through the air. Human
conversation, screams, the noise of cars or animals outside the window. All these sounds come to us
through cracks, doors and windows. The impact is the noise that penetrates into our apartments up
to the ceilings. Often we can hear neighbors' repairs very well and all the construction tools that are
being used at the same time. This kind of noise is probably the most annoying. Structural — this is
the name of vibration noise [7, 8]. It is often mistaken for percussion. It is also transmitted along the
walls from the work of construction tools. The first and main obstacle to extraneous noise in an
apartment building are the walls and ceiling. And if they do not have good soundproofing
properties, then residents can hear impact noise from the repair of any apartment even in the next
entrance. It is known that protection from airborne noise depends on the load-bearing structures of
the building, that is, on the thickness of the floor and walls, and impact noise depends on a special
multi-layer structure of the ceiling made of selected materials [9, 10].

The purpose and objectives of the work is to evaluate the effectiveness of structural and
technological schemes for soundproofing the floor. To achieve the goal, the following tasks were
performed: 1) full-scale tests of floor structures were carried out; 2) the influence of the selected
materials on the soundproofing properties of the floor structure was investigated; 3) an evaluation
analysis of the organizational and technological solutions of the selected materials for the
installation of the floor was carried out.

For this purpose, materials and structural-technological schemes were selected for their
construction, as well as a comparative assessment.

Materials and research methods. The required level of airborne sound insulation is achieved
due to the design of the ceiling itself, which is achieved by a 180 mm thick reinforced concrete
monolithic ceiling. For isolation from impact and structural noise, it is necessary to carry out special
and more effective design and technological schemes for soundproofing the floor.

The experiments were carried out in natural conditions in apartments of built houses, in six
apartments. Type 1 and type 2 structures between the fourth and third floors, type 3 structures
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between the fourth and fifth floors. For each type of floor soundproofing construction, two
apartments are allocated, for the expediency of obtaining results and eliminating the error factor
when performing work [5, 6]. Structural and technological floor soundproofing schemes are
developed on the basis of the following materials:

— "lzolkap Fine" (polystyrene concrete with filler "Polyterm Fine™) — a light dry mix for the
installation of heat and sound insulating screed, belonging to the class of lightweight concrete. The
mixture consists of cement and filler — inert expanded polystyrene granules (& 2-4 mm), with high
thermal insulation capacity, treated with a special additive, which helps to obtain a homogeneous
mixture, convenient when working with pumps and uniform distribution of the solution.

— Akuflex roll 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 soundproof base in floating floor structures, which are a layer between the screed and the
floor finish (linoleum, laminate, parquet). In addition, Akuflex can serve as an elastic layer under
the screed for additional insulation against impact noise.

— The soundproofing leveling coating "Expanded polystyrene granules on an elastic binder" is
a ready-to-use granular mixture (granules @ 6-8 mm) of an elastic vibration-proofing material,
which, after being applied to the floor surface, serves as a soundproofing strip between the screed
and the ceiling when installing floating floors.

Thus, the following structural and technological schemes of the floor were arranged, namely:
Type 1 (56 mm — screed M 150, 4 mm — Akuflex lining, 20 mm — lzolkap Fine (polystyrene
concrete with Polyterm Fine filler), 180 mm — reinforced concrete plate), the scheme is shown in
Fig.1.

C/s screed M150 - 60 MM

Alkuflex - 4 MM

"Izolkap Fine" polystyrene concrete with filler "Polyterm
Fine" (300 kg/m?) - 20 MM

Reinforced concrete plate - 180 mm

LS /%7
72007277777

Fig. 1. Floor construction Type 1

Type 2 (60 mm — c¢/p screed M 150, 20 mm — "Polystyrene foam granules on a rigid binder",
180 mm — reinforced concrete plate), Fig. 2.
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C/s screed M150 - 60 MM

Expanded polystyrene granules on
elastic binder - 20 Mm

Reinforced concrete plate - 180 MM
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Fig. 2. Floor construction Type 2

Type 3 (80 mm — c/p screed M150, 4 mm — Akuflex substrate, 180 mm — reinforced concrete

slab), Fig. 3.

C/s screed M150 - 60 MM
Akuflex - 4 MM

Reinforced concrete plate - 180 mMm

A Y,
/7;}/4200//5%?

Fig. 3. Floor construction Type 3

Research equipment. According to DBN V.1.1-31:2013 "Protection of territories, buildings and
structures from noise", the floor must have an airborne sound insulation index — Rw > 52 dB, which is
achieved by a monolithic reinforced concrete floor 180 mm thick, and a reduced impact noise index
under a canopy — Lnw < 55 dB. 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.
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Impact noise insulation was measured according to the methods of DSTU B V.2.6-86:2009
"Structures of buildings and structures. Sound insulation of enclosing structures. Measurement
methods", calculation according to DSTU B V.2.6-85:2009 "Structures of buildings and structures.
Sound insulation of enclosing structures. Evaluation Methods".

Research results. The results of field studies are shown in Table 1. Type 1 floor construction
is compliant, Type 2 and Type 3 floor constructions are non-compliant.

Table 1 — Indications of the reduced impact noise of floor structures, during field tests

L’nw. Reduced impact noise
Ne Floor construction Room index. Required value L’nw <55
dB
TYPE 1
—56 mm c/s screed M150
1 - 4 mm "Akuflex" From the 4th to 50
— 20 mm "lIzolkap Fine" (300 kg/m®) the 3rd floor
— 180 mm reinforced concrete plate apartment 1
— 56 mm c/s scree"d M150 Erom the 4th to
o |~4mm Akuflex the 3rd floor 51
— 20 mm "Izolkap Fine" (300 kg/m®) tment 2
— 180 mm reinforced concrete plate apartmen
TYPE 2
— 60 mm reed M1
- gg mm E/Esxs|c§:aﬁzlceld po?)(/)styrene From the 4th to
3 e " the 3rd floor 63
granules on an elastic binder apartment 3
— 180 mm reinforced concrete plate
— 60 mm reed M1
- gg mm E/Esxs|c§:aﬁzlceld po?)(/)styrene From the 4th to
4 e " the 3rd floor 61
granules on an elastic binder apartment 4
— 180 mm reinforced concrete plate
TYPE 3
— 80 mm c/s screed M150 From the 4th to
5 |—4 mm "Akuflex" the 3rd floor 60
— 180 mm reinforced concrete plate apartment 5
— 80 mm ¢/s screed M150 From the 4th to
6 |—4 mm "Akuflex" the 3rd floor 60
— 180 mm reinforced concrete plate apartment 6

Conclusions and analysis of results. Field tests of structures for impact noise made it possible
to choose the most rational option. In terms of reduced impact sound Lnw, it was determined that the
most effective soundproofing floor structure is Type 1, which is 9.1% less than the regulatory
requirements. The device of the constructive-technological scheme of sound insulation of the floor
Type 1 allows to reduce the level of the initial (reinforced concrete slab without coating) impact noise
in the room by 37.5%.

Type 1 floor soundproofing structures fully comply with regulatory requirements for
soundproofing against impacts.

Soundproof structures of floors of the 2nd type do not meet regulatory requirements. Based on
the results of visual and tactile analysis of individual fragments of the coating made of expanded
polystyrene granules with an elastic binder, it can be said that this material meets the requirements for
impact sound insulation — it is elastic and has a thickness of 20 mm. However, the results of
measurements of structures in the complex show very low results in terms of impact noise insulation.

Type 3 floor soundproofing construction does not comply with the regulations.
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AHoTanif. JluHamMiyHMIM po3BUTOK ypOaHizauii B YKpaiHi, sIK 1 B yCbOMY CBITI, TUIbKH
30UIBIITYE KITBKICTh JDKEpEN MIyMY, SIK1 3aBaKarOTh JIOMAM. | 116 He MOKHA 3aJIMIIUTUA O€3 yBaru,
aJke HEJOCTaTHs 3BYKOI30JIALIS B KBapTUPI 3arpoXye JIOASIM HEBPO3aMM, 3MiHaMHU O10pUTMIB,
MOPYUICHHSMU TPaBHOI CHUCTEMH, TOJIOBHUM OoJjieM, TOTIpUICHHAM MaM'sTi, mnpodiemMamu,
MOB'I3aHUMU 31 CIIPUMHSTTAM KoJibopy. Uepes 1ie moTpiOHO NMPUALIATH MaKCUMyM yBaru Imij yac
OyIBHHIITBA )KUTJIIOBUX OYJIUHKIB 70 3BYKOI30JIAIIlT TPUMIIIEHB.

OnuH 3 TOJOBHUX HEJOMIKIB MOHOJITHHX 3ai300€TOHHHX 0araTONnOBEPXOBHX OYAMHKIB —
myM. [IpoHuKaioum B KBapTHPY, BiH CTa€ TPUYMHOIO MOJPAa3HEHHS, IEPEIIKOI0I CHY abo
3ocepekeHoi podotu. Hi A koro He cekper, 10 SKICHAa 3BYKOI30JIALlsl NPUMILIEHb BiJIrpae
B)XXJIUBY POJIb B HAILIOMY >KUTT1 1 HEOOXiHA IS HAILIOTO KOM(POPTHOTO CaMOIIOYYTTS.

JlaHa cTaTTsd NPUCBAYECHA BHPIIIEHHIO BAXJIMBOTO MHUTAHHS, MO 3BYKOI3OJALIl MiJJIOr B
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MOHOJITHHX 3aJ1i300€TOHHUX 0araronoBepXOBUX JKUTIOBHX OYAMHKAX, & CaMe B YAApHOTO MIyMYy.
VY cTarTi po3mISIHYTI KOHCTPYKTHBHO-TEXHOJOTIUHI CXEMH 3BYKOI30JIAIIIi MIUIOTH TPHOX THIIIB, 3
BUKOPHUCTaHHSAM pI3HUX MaTepiayiiB 1 iX KoMOiHamid IJIsi JOCATHEHHS HOPMATHBHHUX BHMOT
3BYKOI30JISIIIi1 Bi/I yIapHOTO LIyMYy.

I[Ipu  BuOOpi  HAWOLIBII  paIlOHATBPHOI  KOHCTPYKTHUBHO-TEXHOJOTIYHOT  CXEMH
BUKOPHUCTOBYBAJIUCS ~ PE3Yy/IbTaTH  MOPIBHSUIBHOTO  aHaNi3y  OpraHi3aliifHO-TeXHOJIOTTYHUX
MOKA3HUKIB MPH BIAIITYBaHHI 3BYKOI30JISMIi{ MIIOTH, @ TAKOXK MOKA3HUKU MPUBEIEHOTO YIaPHOTO
[IyMy, OTPUMaHKX B pe3yJbTaTi MPOBEACHHS HATYPHUX BUIIPOOYBaHb.

Harypni BumnpoOyBanHs Oynu mpoBelaeHI B OyauMHKaxX, 1o OyayroTbes. Bim oOpanoi
KOHCTPYKTUBHO-TEXHOJIOTIYHOT CXeMH OyJe 3ajexaTh TEXHOJIOTiS BUKOHAHHS KOXKHOTO THITY
HiJIoTH, a B MaiOyTHROMY 1 KOMGOPT MENIKaHIIB KBapTUpU. [IOpiBHAHHS KOHCTPYKTHBHO-
TEXHOJIOTIYHMX CXEeM B MaWOyTHOMY JIO3BOJUTH JOCHIAMTH 1 PO3POOUTH CyYacHy 1
BHCOKOE(EKTUBHY KOHCTPYKTUBHO-TEXHOJIOTIUHY CXeMY KOHCTPYKIIi1 3BYKO130JISIIi{ MiJIOTH.

Kuro4oBi ciioBa: 3ByKoi30Js11is, yIapHUNA [ITyM, 6araTorapoBa CHCTeMa.

HATYPHBIE UCIIBITAHUA DKCIIEPUMEHTAJIBHBIX KOHCTPYKTUBHBIX CXEM
3BYKOM3O0JISIIUNA ITOJIA

'Baouii HU.H., K.T.H., IOIICHT,

igor7617@gmail.com, ORCID: 0000-0001-8650-1751

'Kanbuens E.1O., actiupanr,

yevhenii.kalchenya@gmail.com, ORCID: 0000-0003-0653-1171
Y0oeccrasn 20Cy0apCcmeeHHas akademusi CmpoumensCmea U apxXumexmypbl
yi. duapuxcona, 4, r. Onecca, 65029, Ykpauna

AHHoOTanus. /[uHamMu4yHOe pa3BUTHE ypOaHMU3aLMU B YKpauHe, KaKk U BO BCEM MHPE, TOJIBKO
YBEJIMUYUBAET KOJIMYECTBO MCTOYHUKOB LIyMa, KOTOpPbIE MEIIAIOT JIOAIM. M 3TO Henb3sl 0CTaBUTh
0e3 BHUMaHMs, Belb HEIOCTATOYHAs 3BYKOM3OJLMS B KBAapTUPE TPO3UT JIOJIIM HEBPO3aMH,
U3MEHEHUSMU OWOPUTMOB, HApYIICHUSMH IUIIEBAPUTENBHOM CHUCTEMBI, TOJIOBHOM O0O0JIbIO,
YXYIIICHHEM NaMsTH, TpoOjIeMaMu, CBI3aHHBIMU C BOCTIPHSTHEM IBeTa. [103TOMY HY)KHO yIensaTh
MaKCHMyM BHUMAaHHUs IPU CTPOUTEIBCTBE KUJIIBIX JIOMOB K 3BYKOM30JISLIUN TOMELICHH.

OnavH M3 TNaBHBIX HENOCTATKOB MOHOJIUTHBIX JK€JI€300€TOHHBIX MHOTO3TAXHBIX JIOMOB —
myM. [IpoHukass B KBapTUpYy, OH CTAaHOBHUTCS NMPUUYMHON pa3[pake€HUs, NMPENSITCTBUEM CHA WIIHU
cocpenoToueHHOU paboThl. Hu 17151 KOro He cekper, 4To KauyecTBEeHHAsl 3BYKOU3O0JIALUS TOMEIEHU I
UrpaeT BXXHYIO pOJIb B HAIEH XKU3HU U HEOOX01uMa I Hallero KoM(popTHOIO CaMO4yBCTBHSL.

JlaHHast cTaThsl IOCBSLICHA PELICHUIO BA)XXHOIO BONPOCA IO 3BYKOM3OJALUM IIOJIOB B
MOHOJIMTHBIX JK€JIe300€TOHHBIX MHOTOATaKHBIX JKUJIBIX JIOMax, a UIMEHHO OT yJapHoro myma. B
CTaTbe€ PaCCMOTPEHBI KOHCTPYKTHUBHO-TEXHOJIOTHYECKHE CXEMBI 3BYKOM3OJISILIMM T10JIa TPEX THUIIOB,
C HCIIOJIb30BAaHUEM Pa3IMYHbIX MATEpUAIOB M MX KOMOWMHAIMU Ui JOCTH)KEHHS HOPMAaTHUBHBIX
TpeOOBAaHUH 3BYKOU3OJIALUYU OT YAApHOIO IIyMa.

IIpu BBIOOpe Hambojee palMOHAIBHON  KOHCTPYKTUBHO-TEXHOJOTMYECKOW  CXEMBI
UCIIOJIb30BAJIUCh  PE3YJIBTAaThl CPABHUTEIBHOIO aHAJINW3a OPraHU3alMOHHO-TEXHOJOTHYECKUX
HoKa3aTesel Mpu yCTpOICTBE 3BYKOU3O0JISLUH T10J1a, a TAKXKE MI0KA3aTeNH PUBEIEHHOIO YIapHOTO
[IyMa, MOJYYEHHBIX B PE3yJIbTaTe MPOBEACHUS HATYPHBIX UCIIBITAHUH.

Hatypuble wucnblTanus ObUIM TpOBeAEHBI B cTposimuxcs JoMax. Ot BbIOpaHHOM
KOHCTPYKTUBHO-TE€XHOJIOTHYECKOM CXeMbI Oy/IeT 3aBUCETh TEXHOJIOTHS BBHIIOIHEHHUS KaX/I0T0 THUIIA
nosa, a B OyaymieM 1 KoMpopT KUIbI0B KBapTUPhL. CpaBHEHNE KOHCTPYKTUBHO-TEXHOJIOTUYECKUX
cXeM B OyaylleM MO3BOJUT HCCIEAO0BaTh U pa3padoTaTh COBPEMEHHYIO M BBICOKO3(PPEKTUBHYIO
KOHCTPYKTUBHO-TEXHOJIOTHYECKYIO CXEMY KOHCTPYKLIUN 3BYKOU3OJISILIUU T10J1A.

KiroueBblie cjioBa: 3ByKOU30JIALUS, YAAPHBIHM ITyM, MHOTOCJIOWHAs! CUCTEMA.

Crarta Haaidnua o penakuii 8.02.2022
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