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Abstract. The article presents the results of analysis of reinforced concrete hollow-core
prestressed bench non-formwork molding floor slabs, manufactured using extrusion technology for
defects formed as a result of a combination of a number of climatic effects during the construction of
the building. The appearance of this kind of defects is quite common in construction practice. The
issues of eliminating the causes of such defects, as well as strengthening damaged ceilings, are not the
subject of this study.

The purpose of the analysis was to identify damage to concrete and damage to the integrity of
the slab ribs, which are not always available during visual screening. Existing methods of non-
destructive testing with the help of specialized equipment make it possible to determine the strength
of concrete as well as the presence of cracks and their configuration in products. The disadvantages
of such methods include: high cost of equipment, the necessary level of qualification of specialists
using it and the impossibility of its use for mass verification of the integrity of slabs.

Therefore, it became necessary to develop a method for detecting defects in prefabricated
structures for prompt inspection at the construction site. The proposed method makes it possible to
quickly check the presence of significant defects in the construction due to sound audible analysis from
strikes by a hammer on the slab. The simplified method of determining the integrity of hollow-core
slabs makes it possible to narrow the volume of thorough and time-consuming instrumental studies
during a complete inspection of the object, allocating places that need a thorough examination of
damaged areas of structures from the total volume of prefabricated slabs of the object.

According to the results of the research, it was determined that sound can be divided into
three main types that characterize the nature of the structure defect: voiced sound indicates that the
structure is not damaged, thud sound - the structure is damaged by near cracks, intermediate sound -
the structure has deep cracks, mainly in a vertical rib.

Keywords: reinforced concrete hollow-core prestressed prefabricated slabs, crack, concrete,
control method, sound, defect.

Introduction. The problem of damage to hollow-core slabs today is quite relevant. The
analysis of world experience indicates the expediency of using prefabricated hollow slabs made by
extrusion technology. These designs have reached a very widespread. The use of such structures
leads to significant savings in reinforcement and concrete, due to the use of preliminary stress, and
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the formation of voids.

But like all structures, prefabricated hollow slabs made by extrusion technology have their
"Achilles heel". During construction, when the slabs are exposed to atmospheric influences, they
absorb water from precipitation. With the combination of several climatic phenomena, this moisture
accumulates in a significant amount inside the voids, turns into ice and causes structural defects. This
absorbed water tends to accumulate inside the voids mainly between the monolithic areas or lifting
loops. For typical slabs with a bend up in the middle of the span, water will tend to flow to the ends,
and after freezing, chip off the shelves of slabs (there are a number of structural and technological
measures to prevent such defects). Our group faced this problem when was analyzing the damage of
floor slabs during the construction of the building (Fig. 1, Fig. 2).

Fig. 1. Destruction in the upper part of the slab

Analysis of research and publications. In the literary analysis course, were considered
methods of non-destructive testing. Today, methods of non-destructive testing of strength and
integrity of reinforced concrete structures are widely used. The most common methods are elastic
rebound and shock pulse. These methods with the help of specialized rather expensive equipment
make it possible to determine the strength of concrete. But for the situation in question, the use of
such equipment is not advisable because detached layers of concrete have design strength.
Therefore, it is advisable to use methods of ultrasonic defectoscopy. It is this method that allows
you to determine the presence of cracks and even build a three-dimensional crack surface. But the
disadvantages of this method include: the high cost of equipment, the required level of qualification
of specialists using it, and the impossibility of its use for mass testing of the integrity of slabs.

So, it is necessary to develop a simplified method for determining the integrity of hollow —
core slabs, which would allow mass inspection of products, at the output, input control, and after
installation.

It should be noted that in parallel with officially classified methods for determining the strength
of concrete on construction sites, other — simplified methods are used. For example, analysis of the
depth of the trace on the surface from a metal object, from a chisel and a hammer, or only a hammer.
For monolithic structures, such approaches provide an opportunity to obtain a qualitative characteristic
of the condition of concrete. In some cases, when was using concrete C15/20, C20/25 in the depth of
the trace on the surface, experienced specialists can visually determine the strength with an accuracy of
50-100 kgf/cm?. But in the case where this article is devoted, extrusion molding slabs from concrete
are used C30/35, so trace of impact on the surface of concrete is difficult to differentiate visually. The
development of such simplified methods is a promising problem that can significantly simplify the
procedure for assessing the bearing capacity and quality of structures [1-3].
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Fig. 2. Destruction in the lower part of the slab

The purpose of the work is to modify the existing non-destructive method of determining
the quality of prefabricated reinforced concrete pre-stressed floor slabs for detection and
localization of hidden defects. The object of study is damaged prefabricated hollow-core pre-
stressed extrusion molding slabs. The subject of the study is a non-destructive method for detecting
damage in prefabricated hollow pre-stressed extrusion molding slabs.

Materials and methods of research. Such deformations of floor slabs are quite common
around the world, where in the construction of buildings using such structures, locking can occur
with subsequent freezing (Fig. 3) [4, 5].

The problem determined in the course of the analysis of both foreign and own research
indicates the probability of cracks not only in shelves, but also in the ribs of the floor slabs (Fig. 4),
which cannot be detected visually at the input control at the construction site [6-10]. Such cracks
can significantly affect the bearing capacity of the slabs. Therefore, a simplified technique is
necessary that would allow to detect the presence of cracks in hollow slabs of floors.

£

TYPICAL BLOWOUT oF'B'oT"F@M FLANGE DUE
TO ICE EXPANSION WITHIN A HOLLOW CORE

Fig. 3. Typical chipping of the lower shelf of the plate due to the expansion of the ice
the USA, Maryland

Results of the study. During the examination of a number of floor slabs, our group has been
used a hammer, which in detecting damage in the form of detached layers beated off damaged areas of
concrete. After beating off the layers, the contours of damage became open for inspection (Fig. 5., red
chalk circled a section of damaged concrete to be dismantled). The hammer was used to reflect the
peeled concrete in the upper and lower parts of the slabs. During the beating off, the boundaries of the
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damaged and intact fragment of the structure were easily determined due to the fact that the sound was
significantly different: when hitting the damaged concrete, the sound was thud, and the sound was
voiced on the intact concrete. In further studies and detection of damage of the ribs between the voids,
a third — intermediate type of sound was identified, while the visual indications of the presence of
damage were absent, both during the inspection of the lower surface and during the inspection of the
upper surface, the hair cracks along the joints of the floor slabs were also absent.

Fig. 4. A crack that appeared in the rib between the cavities

The proposed method allows to determine areas where it is possible to perform a detailed
analysis of damages using ultrasonic defectoscopy. Also, this method allows you to determine the
boundaries of the area of damaged concrete to be dismantled.

With the help of sound analysis in beats, it is proposed to carry out incoming control, and
control the state of hollow-core slabs of floors after closing the outer contour of buildings.

It should be noted that in the study of intact hollow-core slabs from beats on the ribs and
voids sound was uniform.

Fig. 5. Contours of damage after reflection of exfoliated surface layers
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Conclusions. The results of the research showed that:

1. Analysis of ceiling slabs of reinforced concrete pre-stressed bench non-forming with
defects obtained due to the effects of combinations of climatic factors revealed the probability of
formation of surface detachments of concrete, and violation of integrity not only in the level of the
protective layer, but also in ribs that cannot be detected during visual control.

2. Existing methods of nondestructive testing allow to detect such defects quite accurately, but
require a lot of time and cannot be used for mass control and inspection at the construction site.

3. The proposed method allows you to check the presence of cracks in concrete by analyzing
the sound from hammer strikes, which can be divided into three types, which can indirectly indicate
the state of the structures: voiced sound — the design is intact, thud sound — the structure is damaged
by cracks of the near occurrence, intermediate sound — the design is damaged by deep cracks.
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AHoTanig. Y cCraTTi HaBEJACHO pE3YNbTaTH AaHAII3y IUIAT TEPEKPHUTTIB 3ai300€TOHHUX
0araTonyCTOTHUX TIONEPEJHbO HANPYKEHUX CTEHJIOBOro Oe3omanyOHOro (opMyBaHHSA, IIO
BUTOTOBIISIFOTBCSL 32 €KCTPY3UBHOIO TEXHOJIOTIEI0 HIOAO HAsBHOCTI JE(EKTiB, MIO yTBOPHJIHCS B
pe3yibTaTi MOeAHAHHS Py KIIMAaTUYHUX SIBHI Mg yac OyniBHuITBa 00'ekTa. [losiBa Takoro pomy
nedexTiB yacTo 3ycTpivaeTbes B OyaiBenbHiN npakTumi. [lutanHs yCyHeHHS! IPUYMH TakuX Ae(eKTiB,
a TaKOX IMOCHJICHHS MOLIKO/PKEHUX NEPEKPUTTIB HE € MPEIMETOM JIOCIIPKECHHS.

MeTor0 IPOBEICHOTO aHai3y OyJOo BHUSBJICHHS MOUIKOKEHb OETOHY Ta MOPYHIEHB IUTICHOCTI
pebep muT, SKi He 3aBXIU JOCTYIIHI, TP Bi3yalbHOMY OOCTEeKEHHI. ICHYI0UYl METOM HEePYIHIBHOTO
KOHTPOJIFO 32 JIOTIOMOTOIO CIEIIaTi30BaHOrO OOJIQJIHAHHS JTAlOTh MOXKIIMBICTh BU3HAYUTH MIllHICTh
0eTOHY, a TaK0X HAsBHICTb TPIIIMH Ta iX KoHQIrypamito y Bupodax. Jlo HEeIOMiKIB TAKMX METOIIB CIij
BITHECTH: BHUCOKY BapTICTh 0OJaJHaHHS, HEOOXIAHUH piBeHb KBamidikamii QaxiBiiB, 10 HOro
BUKOPHCTOBYIOTh, 1 HEMOXJIMBICTh HOT'O 3aCTOCYBaHHS JUIl MacOBOI EPEBIPKH LIUTICHOCTI IIJIMT.

Tomy BuHMKIIA TOTpeba y po3poOili METOAY BUSBICHHS J1e(EKTIB y 30IpHUX KOHCTPYKILIAX ISt
OIEpaTHBHOI MEpEeBIPKM 3a YMOB OyaiBeNbHOro MaijgaHuuka. [IpormoHOBaHMH MeTOX 03BOJISIE
IIBHUJIKO NEPEBIPATH HAsIBHICTh 3HAYHUX JIeEKTIB y BUPOO1 3aB/ISKM aHAJI3y Ha CIIyX 3BYKY BiJ yJapiB
CITFOCAPHUM MOJIOTKOM MO MepeKpuTTo. CIpOoIeHnit MeTo T BU3HAUSHHS LIUTICHOCTI MTyCTOTHUX IIIUT
JI03BOJISIE 3BY3UTH OOCST PETENbHUX 1 TPYAOMICTKUX IHCTPYMEHTAIbHUX AOCIIIKEHb IPU MOBHOMY
oOcTe)xeHHI 00'€KTa, BUIUIMBILM MICLS, IO MOTPEOYIOTh PETENLHOI0 OOCTEKEHHS MOIIKOKEHUX
JTUISTHOK KOHCTPYKIIIH 13 3araibHOTO 00CSTY 301pHUX TIEPEKPUTTIB 00'€KTA.

3a pe3yabTaTaMu JIOCHTIDKEHHS BU3HAYEHO, 1110 3BYK MOKHA PO3JUIUTH HAa TPU OCHOBHI THIIH,
10 XapaKTePU3YIOTh XapakTep NedeKTy KOHCTPYKIIII: A3BIHKUNA 3BYK CBIJYUTH, II0 KOHCTPYKIIS HE

MOUIKO/KeHAa, IIIyXMH 3BYK — KOHCTPYKIISl TMOUIKO/KEHA TPIIMHAMH OJIM)KHBOTO 3ajIsiraHHs,
MIPOMDKHUH 3BYK — y KOHCTPYKIIi € TPIIMHKU TJIMOOKOTo 3ajsiraHHs, MEPEeBaXHO y BEPTUKAIBLHOMY
peopi.

KurouoBi ciioBa: miuTu nepekpuTTiB 3a11300€TOHHI 0araTonycTOTHI MONEPEIHBO HANPYKEH1
CTEHJIOBOTO Oe30manyOoHoro (hopMyBaHHS, TPIIMHA, OETOH, METO KOHTPOJIIO, 3BYK, AE(EKT.
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AHHoTanus. B cratbe npuBeaeHbl pe3yabTaThl aHAIM3A IUIUT IEPEKPHITUI Ke1e300€TOHHBIX
MHOT'OITYCTOTHBIX IPEJBAPUTENILHO HAIMPSDKEHHBIX CTEHA0BOro Oe3zomany0o4yHoro (opmMoBaHus,
M3TOTABJIMBAEMBIX 110 AKCTPY3UBHOM TEXHOJIOTHH Ha MPEAMET HAU4Us Ae(PEeKTOB 00pa30BaBIINXCS
B pe3y/lbTarTe COYETaHUs psAAa KIMMAaTHUUECKUX SIBJICHUM BO BpEMsI CTPOMTENBCTBA OOBEKTA.
ITosiBneHue Takoro poaa Je(eKTOB JOBOJBHO YacTO BCTPEYAETCS B CTPOUTENBHON IPAKTHKE.
Bomnpockl ycTpaHeHUsl IpUYMH TaKuX 1e(EKTOB, a TAKXKE YCUJICHUS MOBPEXKIECHHBIX MEPEKPHITUN
HE SBJISIIOTCS IPEIMETOM JAHHOT'O UCCIIEIOBAHMUSL.

Llenpto MPOBEAEHHOrO aHanM3a ObLJIO BbISABIEHUE IMOBPEXKACHUN OeTOHAa W HapylleHUH
LIEJIOCTHOCTU pedep IUIMT, KOTOpble He BcCerja JOCTYHHBI NPH BU3YaJlbHOM OO0CIE€10BaHUMU.
CymecTByromue MeTOJbl HEpa3pyLIAOIIEro KOHTPOJS C IIOMOLIBIO CHELHUATM3UPOBAHHOIO
00opyIoBaHUs JalOT BO3MOXKHOCTh OMPEENIUTh MPOYHOCTh O€TOHA a TaK)Ke HaJN4Ke TPEIUH U UX
KoHpUrypauuo B u3genusx. K HemoctaTkaM TakMX METOAOB CIEAYeT OTHECTH: BBICOKYIO
CTOUMOCTh  00OpYJIOBaHMs, HEOOXOIUMBIM ypOBEHb KBATU(UKALNUKA HUCHOJB3YIOIIMX €ro
CHEIMATMCTOB U HEBO3MOKHOCTb €0 MPUMEHEHHUS JUIsl MACCOBOW MTPOBEPKHU LIETOCTHOCTH IUIUT.

ITosTOMY BO3HMKIJIA HEOOXOAMMOCTh B pa3zpabOTKe MeToJa BbIABICHUS Je(eKTOB B COOPHBIX
KOHCTPYKLMSAX AJISI OIEPaTHUBHOM IPOBEPKU B YCIOBMAX CTPOMTENBHOM Iutomaaxu. llpennaraemsrii
METOJ, TMO3BOJISIET OBICTPO IMPOBEPATh HAIMYKME 3HAYUTENbHBIX JE(PEKTOB B M3JENUU Onaroaaps
aHAIM3y Ha CIyX 3ByKa OT yJAapOB CJIECAPHBIM MOJIOTKOM IO MEPEKPBITHIO. YIPOIIEHHBIA METOJ
OIPEEIEeHHs] 1IEJIOCTHOCTH MYCTOTHBIX IUTUT MO3BOJIAET CY3UTh O0OBbEM TIIATENBHBIX U TPYAOEMKHUX
MHCTPYMEHTAIbHBIX MCCIEOBAaHUM MpHU TIOJHOM 00CIEeIOBaHUM OOBEKTa, BBIJEIUB MeECTa
HYX/Ialolecs B TIIATEIbHOM OOCIEIOBaHUU IMOBPEXKJICHHBIX YYaCTKOB KOHCTPYKLHMH W3 OOLIEro
o0bema COOpPHBIX NMEPEKPHITUI 00BEKTA.

[lo pesynbraTam HcCle0BaHUs OINPENENIEHO, YTO 3BYK MOXKHO pa3lelUTh Ha TPU OCHOBHBIX
TUNA, XapaKTEPU3YIOUIMX XapakTep JedeKTa KOHCTPYKLMHU: 3BOHKUH 3BYK CBHUJETENILCTBYET, YTO
KOHCTPYKLIUSI HE TMOBPEXJEHA, TIyXOH 3BYK — KOHCTPYKIMS MOBPEXIEHA TPEIIMHAMHU OJIM>KHETO
3ajleraHusi, MPOMEXKYTOUHBI 3BYK — B KOHCTPYKLUMHM HMMEIOTCS TPEIIUHbI TIIyOOKOTo 3ajieraHus,
MIPEUMYIIECTBEHHO B BEPTUKAJIBHOM pedpe.

KuroueBble c10Ba: TUIMTHI MEPEKPHITHIA K€1€300€TOHHBIE MHOTOITYCTOTHBIE MPEIBAPUTEHLHO
HalpspKEeHHBIE CTEHJ0BOrO Oe3onanyOHOro (hopMOBaHUs, TpEIIMHA, OETOH, METOA KOHTpPOJIS, 3BYK,
nedexT.
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