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ITPO KOPOTKOYACHY TA 1OBI'OTPUBAJIY MIIIHICTD
BIJTHOBJIEHUX 3A IH’€EKIHIMHUMU TEXHOJIOI'TSIMHT
EJIEMEHTIB BYAIBEJIBHUX CITIOPY]

Pestome. Pospobneno mamemamuuny mooeiv OepopmMyeanHs mamepiany 6 OKONi MOHKUX MpIujuH,
3aNOBHEHUX 8 SISKONPYICHUM Mamepianom, ma 3anponoHO8AHO MeMOOUKY SUSHAYEHHS 3SMIHHO20 3 4acoM MO
Hanpydicenv [ depopmayiti 6ins makux Oeghexmie 00HOpiOHOI cmpykmypu. Ompumano po3e’si3Ku HOGUX
Kpaiogux 3a0ay, 00 AKUX 36e0eHi npobdnemu 0eOpMySaHHS HABAHMANCEHUX O00820MPUBATUMU 3V CUTIAMU
po3msazy abo 3cy8y MACUBHUX MIN MA NAACMUH i3 MPIWUHAMY, WO 3aN08HEHI 8 A3KONPYICHUMU Mamepianamu.
Ilpoananizosano eniug noszyuocmi ma penakcayii Hanpydlcewb HA Hecyyy 30amHICHb, NOULKOONCEHUX
mpiyunamu OemoHHUX eleMeHmie KOHCMPYKYIt, sIKi 6I0OHOGNeH] 34 IH EKYIUHUMU MEXHONO02IAMU.

Knwuoei cnosa: miynicme, in’ekyitini mamepianu, 8iOHOSNEHHS poOOMO30aAMHOCH, NOUKOONCEHI
byoigenvHi cnopyou.

V. Sylovanyuk, A. Revenko, A. Lisnichuk

ABOUT SHORT - AND LONG — TERM STRENGTH OF BUILDING
CONSTRUCTIONS ELEMENTS RESTORED USING INJECTION
TECHNOLOGIES

Summary. The paper is devoted to the important scientific, technical and practical problems of
predicting both service life time and strength of damaged structure elements over long-term operation, bearing
capacity of which was restored using the injection technology.

In practice there are engineering problems, for solving of which linear elastic media models are
insufficient, serviceability estimation of prolonged use is often associated with the need to take account of the
phenomenon of creep material. Therefore there is a need to develop models, which would take into account such
complex material properties as reological properties. One of such examples is the technology of injecting
strengthening of damaged structures. When restoring damaged cracked bearing capacity of long operation
building structures the technology of filling defective areas with liquid material which hardens in some time,
becomes very popular.

A mathematical model of the material deformation in the vicinity of thin viscoelastic inclusions filled
with cracks and determination of the stress-deformation field near the defects of its homogeneous structure has
been developed.

New solutions of the boundary value problems, which have been reduced to the problem of tensile or
shear both loaded plates and massive bodies with cracks filled with the viscoelastic material have been obtained.
In particular, a solution for the three-dimensional problem for an elastic space with filled elliptical cracks
loaded at infinity by long-term uniform stresses has been found. The distribution of stress intensity factors along
the contour of the elliptical crack in body or plate has been determined. The influence of reological properties of
injecting materials on the time-varying stress-strain state of the body with a filled elliptical crack is investigated.
The strength changing over time of these bodies has been obtained by using fracture mechanics criteria. The
influence of creep and stress relaxation on the carrying capacity of damaged cracked concrete structural
elements recovered by injection technology has been investigated.

Key words: Strength, injection materials, renewal operability, damaged building construction.

TexHonoril iH’ekTyBaHHS JMe(EKTHUX 30H y CIOPyAax TPHBAIOI eKCILTyaTallii, sK
METOJ] BIIHOBJICHHSI iX HECY4Oi 3aTHOCTI, IMMPOKO BUKOPUCTOBYIOTh y TpakTuii [3, 4]. Jlns
ONTHUMIi3allil TEXHOJOTi! iH €KTyBaHHS Ta MPOTHO3YBAHHS PECypcy BIIHOBIEHUX CIOPYI
HEOOX1/IHI PO3paxyHKOBI MOJENI 1 METOJIW OIHIOBaHHS pOOOTO3aTHOCTI BiAHOBJICHHX
€JIEMEHTIB KOHCTPYKIii. Y Hamux poOoTax po3poOieHi MOAENi, IO JT03BOJSIFOTH OLIHUTH
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e(eKTUBHICTh BiJIHOBIICHHS IIOIIKOJKEHOTO €JIeMEHTa KOHCTPYKIIHd SIK 3 TOYKH 30py
KOPOTKOYAaCHOI MIITHOCTI, TaK i JOBFOTPUBAJIOI.

Jlnst imocTpariii HaBeIeMoO JIaHi PO BiJHOBICHHS MIITHOCTI HA PO3TAT MAaCHBHOTO
eJIEeMEeHTa KOHCTPYKIIil, [0 MICTUTh BHYTPIIITHIO TOHKY €JIINTHYHY B IUIaHi TpiumHy (puc. 1).
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Sk BiJIOMO [1],

u
Pucynok 1. CxemarnuHe 300pakeHHsI BKIIOUSHHS

Figure 1. Schematic representation of inclusion

CHIBBIIHOIICHHS JUII OOYHCIICHHS PYHHIBHOTO HABaHTAXCHHsS JUII MACHBHOTO Tila 3
BHYTPIIIHBOIO €TINTUYHOIO TPILIIMHOKO Ma€ BUIIIS
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CJINTHYHUHA iHTerpas APYroro poay; b <a — misoci eninca —- +b—2 =1.
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3a TEeXHOJIOTi€I0 1H €KTYBaHHS TPIIIMHY 3aIlOBHIOEMO iH €KIIHHMM MarepiajoM y
BChOMY 00’eMi. 3riiHO 3 KpuTepieM IpBiHa Ta mpameto [1] pyiiHiBHe HaBaHTaXCHHS Tijla i3
3aMIOBHEHOIO TPIIIMHOIO MOKHA OOUHCIUTH 32 (POPMYIIOI0

i Kelpoli-v?)+E(k)

P o) )
El

b . . . . .
e p=—, o =7z E, E; — Monyni IpyXHOCTI OCHOBHOTO Ta iH €KIIHHOro MarepiajiB
c

BiJIMTOBITHO.

I3 oTpumaHOi 3aJIe)KHOCTI BUIUIMBAE, IO HEOOXITHOTO 3MIITHCHHS MOXHA JOCSTTH
a0 30iIbIICHHSIM apameTpa [3 , 10 BiJMOBiIA€ iH’€KTYBaHHIO B MOMEHT SKOMOTa MEHIIIOTO
PO3KPUTTSI TpiluHKM, ab0 30UIBIICHHSIM Tapamerpa @, M0 XapaKTepu3ye >KOPCTKICTh
HaIOBHIOBAYA.

Ha puc. 2 nHaBemeHo naHi po3paxyHKy 3a ¢opmysoio (2) Ta eKCIIepHUMEHTY Ha
OCTOHHUX 3pa3Kax i MoJIiypeTaHy sK iH €KIIIHHOTO MaTepiary.

PesynpTatu HaBeneni Ha (puc. 2) MOKa3ylOTh, IO PO3PAaxyHKOBI JaHi mgo0pe
Y3TOKYIOTHCS 3 EKCIIEPUMEHTATHHIMU.

TakuM YnHOM, MOYKHA KOHCTAaTyBaTH, IO BiJl iH €KTYBaHHS MOJIiypeTaHy B TPIIIAHY
B OCTOHI MOXXHA OYIKyBaTd BITHOBIICHHS JIOCTAaTHHO BHCOKOI KOPOTKOYACHOI MIITHOCTI
MIOTIKO/KEHOTO MaTepiary.
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[ITo cTocyeThCsl JOBrOTPUBAIOI MIIIHOCTI BITHOBJIEHOTO €JIEMEHTa KOHCTPYKIii, TO
TaKy OIIHKY MOKHAa OTpHMaTH B paMKaX MOJIENi, IO BPAaxOBY€e IMOB3YYiCTH MaTepialliB Ta
OB’ s13aHy 3 HEIO pellakcallito HarpyskeHb. CIij] 3a3HaYMTH, 110 1H eKIIHHUMU MaTepiajaMu €,
SIK TIPABHJIO, BUCOKOMOJIEKYJISIPHI CITOJIYKH (TIOJIypeTaHu, aKpUJIH, eITOKCUIHI Ta rmosmiedipHi
CMOJIM TOIIO), XapaKT€PHOIO BIACTUBICTIO SIKMX € TOB3ydicTh. IloB3ywicTio OeToHy B
MTOPIBHSAHHI 3 1H’ €KIIITHUMHA MaTepiaiaMu MOJKHA 3HEXTYBATH.

[ToB3yuicTb iH’€KIilfHOrO Marepialy MPU3BOAUTH J0 3MEHIIEHHS 3 4acoM MII[HOCTI
Tina. Jmst iH €KIiHHOTO MaTepiary IpHiMeMO 3aKOH CHAJKOBOI B’S3KONPYKHOCTI Y BUTIISII
iHTerpaabpHOiI 3aexHocTi Bonbreppa [1]

t
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0
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Figure 2. Comparison of theoretical and 1a o . ACITLIOK
experimental data, solid line — calculation of the formula Ti1a, HI' BHHH. b BHACJIA
(2); points — experimental data for concrete samples MMOB3Y1OCT1 mareplaisy BKITFOYCHHS,

(R=5011,1=0,25i1 ); Op—Limit concrete strength MOJXHa  3HEXTYBaTH, TO PO3B’SI30K
OTpUMaHOi 3a/1adi JUIsi KO)KHOTO MOMEHTY
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Po3B’s30k iHTEerpasibHOTO piBHSAHHSA (7) AN JNOBUIBHOTO sipa penakcamii K(2)
3HAXOAMMO 4YHCENbHO. J[Jsl NEesSKMX YacTKOBHX BHIAAKIB ITOB3Yy4OCTI MOXKHA OTpPHMATH
aHAITHYHUHN pO3B’A30K piBHAHHS BosbTeppa, a BiTak i BUXiIHOT 3a1a4i.

Hanpy»xeHHs1, 110 BUHUKAIOTh B 1H €KIIHHOMY MaTepiaii, BCTAHOBIIOEMO Ha OCHOBI
3aIeKHOCTI

o, (x.y.1)=E %(1+@j+§j]{(t—r 1+@jdr . ®)
0

OtpuMaBIm po3B’s130K piBHAHHS (7), Koe(illieHT iHTEHCHBHOCTI Hampy)XeHb Ha
KOHTYPI1 3alIOBHEHOI €NTUYHOI TPIIMHU MOXHA MiPaxyBaTH 3a BIIOMUMH HepeMilleHHIMH
OeperiB TpimuHH [1]. YV pe3yasrari oTpuMaeMo
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pereen 2K,C!1—v2 )

: NI (10)
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I3 cmiBBigHOMmMEeHSH (10), (11) BUmIMBaE, 110 3al€KHO BiJI PEOIOTIYHUX BIACTUBOCTEH
iH’€KIIIFHOTO Marepialy Ta Yacy JIOBrOTpHBaja MIIHICTh TiIA i3 3allOBHEHOIO TPIIIHHOIO

MOXe 3MIHIOBATHCS BiJl BENMMYMHH p, (KOPOTKOYACHOI MIIHOCTI Tifda i3 3alOBHEHOO

TPIIIUHOIO) 10 p, (MIIHICTB Tija 3 HE3aTIOBHEHOIO TPIIIUHOIO).
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Pucynok 3. JloBrorprBaia MillHiCTb TiJl 3 TPIlIMHAMHU, 3aIIOBHEHNMHU TOJIiypeTaHOM ab0 Mostie)ipHOIO CMOJIO0

Figure 3. Long-term strength of bodies with cracks filled with polyurethane resin or polyester resin

Jliist e(heKTHBHOTO JOBrOTPUBAJIOTO BiIHOBJICHHS MIIHOCTI €JIEMEHTa KOHCTPYKIIT 3
TPIIIMHOIO 1H €KIIHHI MaTepiasin HeoOXiTHO BUOMpATH TaKUMU, II00 peJiakcailis HarpyXeHb
Yy HHX IPOXOJMJIa SKOMOTa TOBUIBHIINE 1 HAIPY)XCHHS B Pe3yJbTaTi HE CSTajldl HU3BKUX
3HauUeHb. 3a MOBHOI peNakcailii HalpyXeHb Y BKIIOYeHHI (3MEHIIeHH] X JI0 HYJIs) TpaHrYHe
HaBaHTaXXCHHS JUIS Tila 3 TPIIIAHOIO, IO 3alOBHCHA TaKWM MarepiajioM, He
BiJIPI3HATUMETHCS BiJl TPAHUYHOTO 3HAUCHHS HABAaHTKEHHS [T HE3aIIOBHEHOT TPILIHHH.

Ha (puc. 3a, 0) HaBeseHi rpadiky 3aIeKHOCTI HOPMOBAHOI JIOBIOTPHBAIOT MIITHOCTI
Tijla 3 TPIIIMHOIO, SIKA 3alOBHEHA 1H €KIIMHUMHU MaTepiajlaMu Pi3HOi peoJiorii B 3aJIeKHOCTI
BiJ] 4acy Ta BiIHOLICHHS MiBoceH erincoina a/b, b/c .

SIx moka3yroTh oTpuMaHi rpadikd, i3 po3TIIHYTHX iH €KIIHHAX MaTepialliB KparmuMm
3 TOYKH 30py 3a0e3MeueHHs JOBIOTPUBAIOI MIITHOCTI € TMOJIiypeTaH.

BucHoBkn. BcraHOBIEHO, IO XapaKTEPHOIO OCOOJHMBICTIO B’SI3KO-TIPYKHHUX
MaTepiaiB (TakuX, sK MMOJIlypeTaHu 1 mosieipHi CMOJIH) € Te, IO pelakcallis HarnpyXeHb y
HUX BiJIOYyBa€ThCS J0 TIEBHUX HEHYJIHOBUX 3HaUeHb. CTOCOBHO iH €KIIHHUX MarepialliB — Ie
BaXJIMBA BJIACTUBICTh, sKa JIO3BOJIAE OTPUMYBATH JUIS €JCMEHTIB KOHCTPYKIIN 13
3aJTIKOBaHUMH TPIIIMHAMHA CTaOUTBHHMA Yy Yaci pecypc MIITHOCTI B YMOBax JOBTOTPHBAIHMX
CTaTUYHUX HABAHTAKCHb.

Conclusions. It is investigated that the characteristic of viscoelastic materials (such
as polyurethanes and polyester resins) are that their stress relaxation occur till certain non-
zero values. Regarding the injecting materials this is important feature that enables healed
cracks of structural elements to obtain stable over time the resource of strength under long-
term static loads.
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