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AHHOTALMNA

BBepeHune. BbiNONHEH HEMWHENHbIN YMCMEHHBIN pacHeT MOHOMMTHOrO PebpMCTOro MHOTOMPONETHOTO MEPEKPbITUSA AN
OLIEHKMN BNUSIHNA KOPPO3MOHHbLIX NOBPEXAEHUIN apMaTypbl 1 6eToHa Ha HanpshxeHHo-AedopmmposaHHoe coctosHue (HOC).
KopposvoHHoe nospexaeHve apmaTypbl NPUHUMANock paBHbIM 25 %, notepu ceveHns ctepxHa Ha 70 % AnuHbl Banku.
MoBpexaeHHbI 6eToH NpoyHocTbio B5.

MaTtepuanbl u meToAbl. [0CTPOEHbI KOHEYHO-3NEMEHTHbIE MOAENN HaTypPHbIX UCTMbITAHWUIA U NPOBEAEHbI MX BEpUdUKaLIN-
OHHbIE YMCMEHHbIE pacHeTbl; KOHEYHO-3NIEMEHTHas MoAerb U3 06bEMHbIX KOHEYHbIX 3MEMEHTOB dhparmeHTa pebpucTon
NnuTbl NepekpbiTua Ansg aHanuaa HAC. Y4yTeHbl 3aKOHbI HENUHEHOTO AedOPMMUPOBaHNS GeETOHa 1 apMaTypbl.
Pe3ynktathl. [NonyyeHbl pacTarvBatolime HanpshkeHWs B apMaTypHbIX CTEPXKHSX KOPPO3UOHHO-NMOBPEXAEHHOW U He-
NMOBPEXAEHHON MOAENsX, Ha OCHOBaHWW KOTOPbIX MOCTPOEHbI rpadhuyeckme 3aBWCUMOCTU NnepepacnpeneneHus yeunum
B MOHONUTHbIX 6ankax. OcyLiecTBneH CpaBHUTENbHbIN aHan1M3 NpornboB 1 pasmepoB CXaToW 30HbI NANUTbI B MOBPEXAEH-
HbIX 1 HEMOBPEXAEHHBIX YACMEHHbIX MOAENSIX.

BbiBoabl. OnpegeneHo kayecTBEHHOe BNUSIHWE Ha nepepacnpeeneHne yCunuin B MOHOMUTHBIX KOPPO3MOHHO-MOBPEX-
AeHHbIX 1 HenoBpexXaeHHbIX bankax no KpuTepuo o6pasoBaHUs NNACTUYECKOrO LWapHUpa. BeisiBneHo yeennyernne npornba
1 pasmepa CxxaTow 30Hbl NNNUTLI B MOBPEXAEHHBbIX Moaensx Ha 23 %.

KNOYEBBIE CIIOBA: nepepacnpegeneHune ycunui, xenesobetoHHas 6anka, Kopposusi xenezobeTtoHa, nrnacTuyeckui
LIapHUp, HecyLas cnocoBGHOCTb, HaNPsHKeHHO-AePOPMMPOBAHHOE COCTOSIHUE, HENUHENHOCTb
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ABSTRACT

Introduction. A nonlinear numerical analysis of a monolithic ribbed multi-span floor slab was performed to assess the influ-
ence of corrosion damage to reinforcement and concrete on the stress-strain state. Corrosion damage to the reinforcement
was taken as a 25 % loss of the bar cross-section along 70 % of the beam length. Damaged concrete was assumed to have
a strength class of B5.

Materials and methods. Finite element models of full-scale tests were developed and their verification numerical calcula-
tions were performed. A finite element model of a fragment of the ribbed floor slab using solid finite elements was developed
for stress-strain state analysis. The laws of nonlinear deformation for concrete and reinforcement were taken into account.
Results. Tensile stresses in the reinforcement bars were obtained for both the corrosion-damaged and undamaged models.
Based on these results, graphical dependencies illustrating the redistribution of forces in the monolithic beams were plotted.
A comparative analysis of deflections and the size of the compressed zone of the slab in the damaged and undamaged
numerical models was performed.
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Conclusions. The qualitative influence on the redistribution of forces in monolithic corrosion-damaged and undamaged
beams was determined based on the criterion of plastic hinge formation. An increase in deflection and the size of the slab’s
compressed zone by 23 % was identified in the damaged models.
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BBEJAEHUE

[IponomkuTenbHast SKCILTyaTaIUs JKeIe300eTOH-
HBIX 3JIEMEHTOB B YCIIOBHSIX arpeCcCHBHBIX CPEJl BHI3bI-
BACT IOSBJIECHIE KOPPO3HOHHBIX MOBPEXICHUH OeToHA
u apMarypsl. Koppo3noHHBIE TOBPEKACHNS apMaTyphl
MPUBOJIAT K YMEHBIICHHUIO CEUSHHSI, a MTOBPEXKICHHs Oe-
TOHa — K OCJIa0JICHUIO TPOYHOCTHBIX U JIe(hOpMaTHBHBIX
XapaKTEePUCTHUK, YTO OTpa’kaeTcs Ha CHUKEHUU HEeCyIlen
CIIOCOOHOCTH TaKHX JKeJIe300eTOHHBIX A1eMeHToB. Ha co-
BPEMEHHOM 3Tarle OCTACTCsl MAJIOM3yYEeHHBIM (haKT mepe-
pacripeneneHus yCHINiA B MHOTOIIPOJIETHBIX MOHOJIUTHBIX
JKeJIe300€TOHHBIX KOPPO3HOHHO-TIOBPEKICHHBIX pedpu-
CTBIX IUINTAX MEPEKPBITUS, YTO TOATBEPIKAACT aKTyallb-
HOCTb HACTOSIILIETO UCCIICIOBAHUSL.

Ocy1iecTBIeHbI SKCIIEPUMEHTaIbHbIE HCCIIEA0Ba-
HUSI KOPPO3HMOHHO-TIOBPEKICHHBIX JKEJIE300€TOHHBIX
0aJloK, Mpe/UIo’KeHa METO/IMKA pacyeTa JaHHbIX KOH-
CTPYKIMH, YUUTHIBAIOIAS TIOCTETICHHOE COKpAICHHUE
TUTOIIAA CEUSHUS apMaTypHBIX cTepkHed [1].

BakHBIM aHATU3UPYEMBIM MTaPAMETPOM SIBIISACT-
sl CIICTIIICHHE KOPPO3HOHHO-TIOBPESKIACHHON apMaTyphbl
¢ OETOHOM, BBITIOJIHEHBI HKCIIEPUMEHTAIBHBIE UCCIE0-
BaHMS C aKIIEHTOM Ha W3MEHEHHUs HanpsDKEHHO-1edop-
mupoanHoro cocrosiaust (H/IC) m3rnbaeMpIx 311eMeHTOB
P HApYIICHUH CICTUICHUS apMaTypbl ¢ OeToHOM [2].
ITo ux pesynpraraM OmnpeneNeHbl XapaKTePHbIE CXEMBbI
TPEMNHOO0PA30BaHNs B 3aBHCUMOCTH OT CTETICHH I10-
BPEXKICHHS apMaTypPHBIX CTEPKHEH.

IIpoBeneHHbIE IKCIIEPUMEHTAIbHBIE UCCIIEI0Ba-
Hus HJC GeToHa B 30HE KOHTAKTa ¢ apMmarypoit [3]
MTO3BOJIMJIN OLIEHUTH JTAIbl BOSHUKHOBEHUS TPEIINH
Ha KpaifHel ¢uOpe KOHCTPYKIIMH 3a CUET JaBJICHUS
MIPOIYKTOB KOPPO3UH Ha 3aIUTHBIN ciioi 6eToHa. U3y-
4anoch JUTENEHOE COMPOTUBICHNE JKEJI€300€ TOHHBIX
KOHCTPYKLHH, [TOIBEPKEHHBIX arpECCUBHOMY BO3/€EH-
CTBHIO, IO Pe3yAbTaTaM KOTOPBIX IOJTyYeHBI TPaKTHYe-
ckue K03 (HUIMEHTBI, UCTIONb3YEeMBbIE ITPH MTOBEPOYHBIX
pacuerax.

AHAIM3UPOBAINCH KOPPO3HOHHO-TIOBPEXKICHHBIE
NIEMEHTBI IPH JMHAMWYECKOM Harpy>XeHuH [4], ycTaHOB-
JIEHO, YTO IPOYHOCTH OETOHA, TIOABEPIKEHHOTO arpecChB-
HOMY BO3/ICHCTBHIO, MEHBIIIE TIPU TMHAMHYIECKOM Harpy-
KEHMH, 4eM TIpu crathudeckoM. [Ipemnoxena MeToauka
pacdeTa BHEIICHTPEHHO CXKAaThIX IEMEHTOB C HapyIIeH-
HBIM CIIETUIEHHEM PACTSHYTON apMaTyphbl ¢ OETOHOM.

[Ipencrasiena npakTuyeckas METOJUKA pacdyera
[5, 6], yuuTsIBatoas SKCIOHEHIIMATBHYIO JETrpaJlallio
KOPPO3MOHHO-TIOBPEXK/ICHHOTO OETOHA B CHKATOW 30HE.

Coxarast 30Ha OETOHA pa3/eNsIeTCs] Ha TPH CIIOS: TIOBPEIK-
JICHHBIH, TIEPEXOIHBIN, HETOBPEKICHHBIN. DTOT ITOIXO/
AKKyMYJIMPOBAJ HBOJIIOLHUIO Pa3BUTHS y4YeTa ITOBPEXK-
JICHHOTO OETOHA B C)KaTOM 30HE MPH MPOYHOCTHBIX pac-
yeTax KOHCTPYKLMHL.

B pa6ore [7] mpemtoxkena metonuka oueHkun HIC
JKeJ1e300€ TOHHBIX KOHCTPYKIIUH, ITO/IBEPKEHHBIX arpec-
CUBHBIM BO3/ICHCTBHS Ha Pa3HBIX CTAAMAX paboThl Oe-
TOHA (OT TPEUTMHOOOPA30BAHNUS 10 Pa3PyIICHIS).

PaccmarpuBatoTcs BOIPOCHI JIOITOBEYHOCTH IPO-
MBIIUICHHBIX U HH)KEHEPHBIX 3/IaHUH, IKCIUTyaTHPYEMbIX
B arpecCUBHBIX CPEax, MPEICTaBIeHa METOINKA pacye-
Ta KOPPO3HOHHO-TIOBPEXK/ICHHBIX 3JIEMEHTOB C YUETOM
BEPOSITHOCTH pa3pyIICHHs C IIPUMEHEHHEM KO PHIIH-
eHTa 0e30ITaCHOCTH CpoKa CITykObI [8].

BozneiicTBue arpecCUBHBIX Cpel HECOMHEHHO TIpU-
BOZIUT K U3MEHEHHIO (PU3MKO-MEXaHMIECKNX XapaKTepH-
CTHK OCTOHA M apMarypbl, IIPOBE/ICHHbIE SKCIICPHMEH-
TalbHO-TEOPETUUECKUE UCCieloBaHus [9] mo3Bonuau
MPEATIOKUTDh METOJL OTPEIEIICHNs] TPOYHOCTHBIX U JIe-
(hopMaTHBHBIX XaPAKTEPUCTUK TAKUX KOHCTPYKIIHH.

BnusiHne arpeccuBHON cpeasl BeneT 3a coOoi
HE TOJBKO M3MEHEHHE J1e()OpMaTHUBHBIX XapaKTepH-
CTHK, HO ¥ TpeOyeT aJanTaiiy pacieToB IIOBPEXKICH-
HBIX KOHCTpyKuumid. IIpemnokena meTonnka pacuera
10 00pa30BaHMIO TPEIIUH B COOPHO-MOHOJIMTHBIX KOH-
CTPYKIHSX C Y4ETOM (PM3NYECKH HEJTMHEHHBIX XapaKTe-
puctuk marepuanos [10].

DkcnepuMeHTalbHble ucciaenoBanus [11] mo-
Kazaau OTpHULIATEJIbHOE BIUSHHE KOPPO3UOHHOTO
MOBPEXKICHUS apMaTypHBIX CTEp)KHEll Ha MX cIerne-
HHe ¢ OeToHOM. HaTypHble mccienoBaHust Ompenenuim
3axkoHOMepHOcTH HJIC B 30HE OKOJIO KOPPO3HOHHOTO
apMaTypHOTO CTEPKHS OT JABJIECHUS MPOAYKTOB KOPPO-
3HH, M0 PE3yNbTaTaM BbIBEACH KOI(D(UIMEHT, yUUThI-
BAIOIINI CHIDKECHHE CLEIUICHHUS! apMaTypbl ¢ OETOHOM
B 3aBHCUMOCTH OT CTETICHH TTOBPEXKICHUH.

PaccmarpuBanace pabora xene300eTOHHBIX KOp-
PO3NOHHO-TIOBPEXXJEHHBIX KOHCTPYKIUII C yU4ETOM Ha-
CJICZICTBEHHBIX M3MEHEHHH 3a CUET arpeCCHBHOTO BO3-
JieficTBust BHeIIHeH cpensl [12], npuBeneHa MeToaKKa
pacdera TaKuX KOHCTPYKIIMH, BKIIFOUast alalTaIfio pac-
YeTa JKECTKOCTEH ¢ yUeTOM HeJTHMHEHHOTo AeopMupo-
BaHMs OETOHA B YCIOBUSIX MOJI3YYECTH.

NMmeroTcst npeioskeHus MoJiesielt o pacueTy xKe-
J1€300€TOHHBIX 3JIEMEHTOB IIPU JIBYyXOCHOM HAIpSIKEH-
HOM COCTOSTHHH (puc. 1) ¢ y4eToM BIUSHUS TTyOHHBI
MIPOHUKHOBEHHUS arpeccuBHOi cpensl [13]. PacuerHoi
MOJICJIBIO CIIY?KUT IOJIbIM LHUJIUHIP € TOJILIUHOHN CTe-
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Puc. 1. Ctpykrypa GeToHa: @ — IIPHU OJHOOCHOM PaCTsKe-
HUH; b — NIpU IByXOCHOM pacTsHKEHHU

HOK, PaBHOHW BEJIMUMHE 3aIIUTHOTO CJIosi OeTOHa, ycTa-
HOBJIEHO, YTO 3HAYE€HHUE JAABJICHUS OT IPOAYKTOB KOPPO-
3UM apMaTypbl Ha cTeHkH cocTasisieT oT 10 mo 200 ITa
B 3aBUCHUMOCTH OT CTETIEHU MOBPEKICHUI.

B pamkax o0ciie0BaHusI CTPOUTEIBLHBIX KOHCTPYK-
uuit [14] oleHeHa KOPPO3UOHHO-TIOBPEKACHHAS TaBPO-
Bas Oajika Ha MpeIMeT CTeIeHH NOBpexXIeHHs OeToHa
W apMaTypbl C TOCIEYIOIUM MPEe/UI0KEHNEM KOMOUHU-
POBaHHOTO METO/Ia MOJICTTMPOBAHUS TAKUX KOHCTPYKIIHH.
Merton 3aKiII04aeTcss B CO3AHUN KOHCTPYKIMI C TIOMO-
IbI0 00BbEMHBIX KOHEYHBIX 31eMeHTOB (KD), mpu sTom
rapaMeTphbl MOBPEXKCHUS] KOHCTPYKIIMH KOPPO3UeH yuu-
THIBAIOTCS TOMOMHUTENbHBIMU KD ¢ yMeHBIIIEHHBIMU
JKECTKOCTHBIMH XapakTepucTukamu. Moaysib aedopma-
LU BHIYUCIISIETCSI MHTETPAJIbHO C YYETOM YPOBHS Harpy-
JKEHHs1 U CTEIIEHN KOPPO3MOHHOTO TIOBPEXK/ICHHs OETOHA.

CyIiecTBYIOT U Apyrue 3KCHepUMEHTaIbHO-Te-
opernueckue ucciuenoBanus [15-23] xkoppo3noHHo-
MOBPEKICHHBIX CKAThIX U M3rU0aeMbIX KeIe300eTOH-
HBIX JIEMEHTOB, pe3ylbTaTaMU KOTOPBIX SBISIOTCS
pa3nIUYHbIe ypaBHEHUS U 3aBUCUMOCTH, HallpaBJICHHbIE
Ha oneHKy H/IC aneMeHTOB, UCTIBITHIBAIOIIUX CHUIIOBBIE
U CpenoBbic Bo3neicTBUs. Takke UMEIOTCS MOI00HBIC
YHCIIeHHbIE UCCleioBaHus [24—26], He MeHee BaXKHbIE,
4eM HaTypHbI€ HUCHBITaHUS, MTO3BOJISAIONNE OLEHUTH
KOHCTPYKIIUH C Pa3IMYHBIMU UCXOJHBIMU BapUaHTaAMHU
CPEIOBBIX IIOBPEXKICHU.

MATEPHAJIBI I METO/bI

Ha nepBom sTane BBITOIHSUIUCH YUCTICHHbBIE BEpU-
(hUKAMOHHBIC PACUCThI MOJCIICH, HICHTHYHBIC SKCIICPH-
MEHTaJIbHBIM HCCIIEI0BAaHUSIM, TPOBOJIUMBIM B paMKax
HaTypHBIX ucnbiTanuii [1, 2]. Kpurepuun cxonumoctu —
IpezeabHOe 3HaueHUe M3TMOaoIero MOMEHTa U Co-
OTBETCTBYIOIIUNA €My MPOTHO HCIBITYEMbIX OalloK.
Pacuersl oCyIIeCTBISUIHCh B (PU3UYESCKH HEITHMHEHHOM
MOCTAaHOBKE, MPUMEHSUIUCH TPOYHOCTHBIE XapaKTepH-
CTHKH MaTepPHAJIOB, aHAJIOTUYHBIC HATYPHBIM 00pa3IaM.

Jlanee npuBeeHbI 3HAUEHUSI CXOJJUMOCTH PE3YJib-
TaTOB JKCIMEPUMEHTAIBHBIX Pa3pylIAIOMUX YCHUINT
C YMCIIEHHBIMU PacyeTaMHu:

P
o0 300 5 30~ m600 (1)
Peem 3,0
M
ﬂ:ﬂzmmjzmm, 2)
My, 50,01

JlocToBepHOCTh pa3pabOTaHHON YHCIICHHOW MOIe-
JIM TIOATBEPKIAETCSI €€ COMOCTABICHUEM C PE3y/IbTaTaMu
(hu3HYEeCKUX IKCIIEPUMEHTOB. MaKCUMaJIbHOE OTKIIOHE-
HHe 110 pazpymatomumM yeunusm (1), (2) He npebImaeT
14 %, uTO yKa3bIBa€T Ha IPABWILHOCTH yUeTa B YUCIICH-
HOH MOJIETIH KITFOYEBBIX MTapaMETPOB: MEXaHWYECKHX Xa-
PaKTEepPUCTUK MaTepHAJIOB, IPAHIYHBIX YCIIOBUH M HEJIU-
HEWHOTO TIOBe/IeHNsI OeTOHA 1 apMarypsl. B cBszu ¢ aTiM
BepH(UIIMPOBaHHAS MOJIETb MOXET OBITh NCIIONB30BaHA
JUISL TUTbHEHIINX YUCIICHHBIX MCCIIEIOBAaHNIT MOHOJINT-
HBIX pEOPHUCTBIX MEPEKPBITHI.

Ha BTOpOM 3Tare nmpoBoanIoCs MOJACINPOBAHHE
MOHOJINTHOTO PEOPUCTOTO MEPEKPBITHS C TOIIINHON
mtel 200 MM, 6akamu pazmepom 400 x 400 MM 1 KO-
nmouHamu pazmepom 400 x 400 MM, yCTaHOBICHHBIMH
¢ marom 6,0 M (puc. 2). PacuerHas Moeb EPEKPHITHS
MIPEACTABIISACT COOOH OTMH MONHBIN MPOJIET U MTOJIOBUHY
MIpOJIeTa B KaX/IyI0 CTOPOHY C TPAaHUYHBIMH YCIOBHSIMHU
KOHIEBBIX YYaCTKOB B/IOJIb Oceil X U Y, TeM caMbIM MO-
JIEITUPYETCsl MHOTOIIPOJICTHAsI peOpucTast IUInTa 1epe-
KPBITHSL.

[Tnura mopenupoBanack o0beMHbIMU KD ¢ pas-
MepoM rpanu 40 x 40 x 40 MM (McHOab30BaANCA HEIH-
HEHHBIA THI KOHEYHBIX 31eMeHTOB Ne 236), apmary-
pa MOAEIMPOBAIACh OTICIbHBIMU CTEPXKHIMHU TaK XKe
C IPUMEHEHHEM HeNnHeHHoro cTep:kHeBoro KO Ne 210.

HUcnonp3oBancs knacc 6erona B20, kimace apmary-
pe1 A500 B hm3ndeckn HEMMHEHHOM TOCTAaHOBKE, OCTOH
OTIHCaH HKCIIOHEHITNATIBHOM, apMaTypa OMITHHEHHON 3a-
BHCHMOCTBIO.

ApMupoBaHHUe TUTUTHL U Oalku moo0paHo Ha oc-
HOBE TIPEABAPUTEIBHBIX pacueToB (puc. 3):

* OCHOBHOE€ apMHPOBAHHE TUTUTH — ) § MM, 1mar
200 mm;

* JOTIONIHUTEIbHOE HUKHEE apMHUPOBAHHUE IUIH-
Tl — @ 8 MM, 1ar 200 MM;

* JIOTIOJIHUTEIbHOE BepXHee apMUPOBAHUE IUIH-
Tl — @ 12 MM, mar 200 mwm;

e apMUpoOBaHHC Oallku B HMXKHEH 30He — 200
12 MM + 30 14 MM (IOTIONHUTENIbHASI B IPOJIETHON
30HE);

* apMupoBaHHMe OajKu B BepxHEd 30He — 20
10 MM + 3@ 14 MM (TOTIOTHATEINEHAS B OITOPHOH 30HE).

Co31aBanock JBa 3arpyKeHUs: MEpPBOE SBISIETCS
COOCTBEHHBIM BECOM, BTOPOE OCHOBHOE 3arpyKCHHE
cocTaBisieT 6,6 T/M?, COOTBETCTBYIOIEE IIOJIHOMY Pa3-

Puc. 2. KoHeuHo-211eMeHTHAs MOJAENb PEOPUCTON IITUTHI
HEPEKPBITUS



Puc. 3. ApmupoBaHue y3ia CONpsHKEHUs KOJOHHbI, 0aJIKU U IUTUTBI peOPUCTOTO MEPEKPHITHS B PACUETHON MOJIEIH

PYIICHUIO MEPEKPBITUS, yCTAHOBICHHOE MOCIE MPE-
BapUTEJBHBIX pacueroB. J[ist Gosee TOYHOTO OIpee-
JICHUSI 3HaUCHHsI BHELITHEH Harpy3Ku Npu 00pa3oBaHUK
IUTACTHYECKUX IIApPHUPOB JaHHOE 3arpyXeHUe pasje-
JISI0Ch Ha 66 11aroB.

Bcero cMmozennpoBaHo /1Ba BapuaHTa pedOpucTon
IUTUTHI TIEPEKPBITHS — B HOPMAJIBHOM COCTOSIHUH (He-
MOBPEXKICHHAs1) U C KOPPO3UOHHO-TIOBPEKICHHBIMU
Gankamu.

KopposnonHnoe nospexjaeHue 6anok MOAEIHpo-
BaJOCh OJJHMM BapHaHTOM, & UMCHHO: TIOBPEK/CHHE
MIPUCYTCTBYET B HIDKHEH yacTi Ha 70 % AIMHBI OanKH,
BbICOTOH 40 MM (3aILUTHOTO Cllos OETOHA), B JJaHHOU
30HE IUIOIIAIb CEUYEHHS PACTAHYTOIN apMaTypbl CHIKE-
Ha Ha 25 %; KOppPO3HOHHO-TIOBPE>KACHHBINH OETOH MOojie-
JMpoBascs kiaccom BS.

PE3YJIBTATHI HCCIEJOBAHUA

KitroueBsle pe3ynbTaThl YHCIEHHBIX HCCIEA0BaHUN
MOBPEX/ICHHBIX U HETOBPEKACHHBIX MOHOJIUTHBIX JKE-
71e300€TOHHBIX OaJoK:

* 3HAYEHHUs PACTITUBAIOLINX YCWJIUH B apMaTyp-
HBIX CTEPIKHAX MTPOJIETHON W OMTOPHOH 30HBI OATKH MPH
MOCTENEHHOM Harpy KeHUH;

Taou. 1. HampsbkeHue B CTEPIKHAX apMaTypbl HEIOBPEKICH-
HBIX 0AJIOK IUINTHI IEPEKPBITHS

Hanpsoxenue o, MIla

[Mpouent Obnactb 6anku
HarpysKu, % Omopa IIponer Omnopa
10 35,62 37,51 35,62
20 72,67 70,46 72,67
40 162,75 150,45 162,75
60 326,41 299,23 326,41
80 494,44 506,71 494,44
100 494,50 506,73 494,50

* 3HAYCHHS MPOTHOOB OANOK MPH JOCTIKCHHH
MIpe/IeNIbHBIX Harpy30K;

* pa3Mmep C)Karoi 30HbI OETOHA MOHOJIUTHOM TIJTH-
TBI TIEPEKPHITHS B TIPECTBHON CTaANH TIEPE] paspyIie-
HUEM.

B Tabn. | mpencraBiieHBl 3HAYEHUS PACTATHUBA-
IOIMUX HaNpsDKEHUM B OMOPHOW M MPOJETHOM 30HAX
HEIOBPEXICHHOW OalKu MepekphiThsi, 00pa3oBaHue
TUIACTUYECKOTO IIAPHUPA, T.€. JOCTIKCHNE apMaTypoin
TUTOMIAJIKA TEKYy4ECTH COOTBETCTBYET HAINPSDKCHUSM
500 MITa.

600,00
494,50 —8—Harpyska 10 % 494,50
400,00 326,41 —o—Harpysxa20% 32641
< b )
= \ L6275 Harpysa40% 16y 75 /
E‘ 200.00 ’ Harpyska 60 %
E ’ —3751 —&— Harpyska 80 %
e S———— 70,46 —e— Harpyska 100 %
& 000
3 72,67 \b/’ 72.67
m
2 200,00 3562 560
=
o
> 400,00
~506,73
600,00

O6nacts 6anku

Puc. 4. [lnarpamma pacnpeieieHus HalpsHKSHUH B apMaType HeTOBPEKICHHON OalTki peOpUCTOM TUTUTH TIEPEKPBITHS
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Puc. 5. lnuna cxxatoil 30HBI OETOHA HETIOBPEKIACHHOM pe-

OpHUCTOM TITUTHI IEPEKPHITUS B HAIPABICHUH Y

PesynwraTel aHamM3a CBUACTENBCTBYIOT, UTO B ap-
Marype OajKu peOpHUCTOH IUINTHI IEPEKPBITHS MEPBBIN
IUTACTHYECKUH mapHUp (GOPMUPYETCS B MPOJIETHOU
30He Npu noctuxeHun 78 % ot Harpysku. [lomHoe
Harpyxxernue xkoHcTpykuuu (100 %), conpoBoxaro-
meecsi 00pa3oBaHUEM TpEX IJIACTUYECKUX IIAPHH-
pPOB, COOTBETCTBYET mporudy BenmmunHoil 107,1 mMMm.
Ha puc. 4 oroOpaxxeHa 31ropa pacTATUBAIOIINX HAIPS-
JKEHUH B TIPOJIOTIBHON apMaType, T/ie PECTaBICHbI HX
3HaueHus (B cepeanHe rpaduka MpoJIeTHBIC HaMpshKe-
HUS CJICBA U CIIPaBa OMOPHBIC).

Bo3HUKHOBEHHE TUIACTUYECKOTO MIAPHUPA B MPO-
JIeTe U MTOCIIEAYIOMNI POCT HATPY3KH BBI3BIBAIOT Iepe-
pactipesnieieHie BHYTPEHHNX YCHIANA HE TOIBKO MEXKTY
OTIOPHBIMH CEUYCHHSAMHU OalKH, HO M C BOBJICUCHUEM
B pabOTy IUINTHI IEPEKPHITHs. B cBsI3m ¢ aTMM OblIa
BBITIOJTHEHA OLICHKA POTSKEHHOCTH 30HBI C)KaToro Oe-
TOHA B MOHOJINTHOM TUTUTE TIEPEKPHITHSI.

3amMep rabapura cxkaToil o0gacTH OETOHA OBLI
mpousBeIeH npu Harpys3ke 78 %, COOTBETCTBYIOIIEH
00pa30BaHMIO TIEPBOTO TUIACTHYECKOTO ImapHupa. Kak
BHHO W3 PHC. 5, MPOTSHKEHHOCTH ATOH 30HBI B TUTAHE
jqoctura 2,6 M. CpaBHEHHE JaHHOTO MapaMeTrpa Io-
3BOJISIET OLICHUTD CTEIICHB BIMSHUS KOPPO3UOHHBIX I10-
BpEXKJICHUNA MOHONMUTHBIX Oanok Ha HJIC anemeHTOB
JKEJIE300€TOHHOTO MEPEKPHITHSI.

600,00

508,29
343,02

165,55

400,00 \\

200,00

0,00

Taou. 2. HanpsoxeHust B pacTSHYTHIX apMaTypHBIX CTEPIKHSX
KOPPO3HOHHO-IIOBPEXKICHHOMN Oanku

Hanpsokenue o, MIla

IIpoueHT Harpys3KH, Obnactp 6anku
% Ornopa [Iponer Ormopa
10 37,84 36,72 37,84
20 69,27 65,08 69,27
40 165,55 154,91 165,55
60 342,79 323,39 343,02
80 504,35 503,95 508,22
100 504,43 504,00 508,29

B Tabn. 2 npuBeneHbl BOSHUKAIONINE HATIPSHKCHUS
B PACTSIHYTBIX apMaTypHBIX CTEPXKHAX KOPPO3MOHHO-
MOBPEX/ICHHBIX OAJIOK B TPOJICTHON M OIIOPHBIX YaCTSIX
Ha TOCJIE0BaTeNbHBIX dTanax Harpyxenus. Hamudne
TUTACTHYECKOTO HIAPHHUPA XapaKTEPHU3YeTCs TOCTHKE-
HueM Hanpsbxenust 500 MITa.

[NomyyenHble pe3ynbTaThl HAIPSHKEHUH B apMaTyp-
HBIX CTEPKHSX [TOKa3bIBAIOT, YTO NEPBBII MIIACTHYECKUN
IIapHUDP BO3HHUKAET B OMOPHOI 30HE Oanku mpu 74 %
HarpyXeHwus, a mpu 75 % HarpyxeHus — B IIPOJICTHON
30HE 0aJIKM, YTO OTIIMYACTCS OT HETMOBPEXKICHHBIX Oa-
JIOK TIOCIIEZIOBATENBEHOCTBIO TOCTHKEHHS TUIOIIAIKH Te-
KydecTH B apmarype. [Ipu 3ToM BBHUy HE3HAUUTEIEHOTO
PacXOKICHUSI MOXHO CKa3aThb, YTO B IAHHOM BapHaHTE
TUTACTHYECKUH IIapHAP BO3HUKAET BO BCEX 30HAX OANKN
PEOPHCTON MIIUTHI EPEKPHITHS OAHOBPEMEHHO.

Ha puc. 6 nokazana quarpaMma pacrpeaeneHui pac-
TATUBAIONIMX HANPSHKEHUH B apMarype (CJieBa U CIipaBa
OTIOpPHBIE HAMPSDKEHNS, B CEPEIMHE TTPOJICTHEIE).

[Iporub Gamku B MOMEHT 00pa30BaHUS TPEX ILIa-
CTHUYECKUX IapHUPOB, UMEIOIINH KOPPO3NOHHBIE I10-
BpexaeHus, coctaBuia 131,7 MM, COOTHOLIEHHE C TPO-
rHOOM HETIOBPEXICHHBIX 0AJIOK COCTABUIIO:

_loi7 100 % ~ 23 %,
131

>

A=|1-Tn -100%:(1

n2

—&— Harpyska 10 % 208,29

—&—Harpy3ka 20 % 343,02
Harpyska 40 % /
Harpyska 60 % 165,55

—— Harpyska 80 %
—0—Harpyska 100 %

—200,00

VYeunue B crepxuax, Mlla

—400,00

—600,00

-504,00

Ob6nacTh 0aku

Puc. 6. [lnarpamma pacripesiesieHus: HanpspKeHHH B apMaType KOppO3HOHHO-TIOBPEKICHHOH OalTKH peOPHCTON TUTUTHI IEPEKPBITHS

10



AHaAn3 KOPPO3MOHHO-NIOBPEXAEHHbBIX MOHOAUTHbIX Kene30b6eToHHbIX banok peépMCTOﬁ MANUTbI NEPEKPbITUA

C. 6-18

r 195
H 1.62
M 0.0193
H -0.0195
M -1.62

«3.24

«6.49
811
9,73

.—I!A

-14.6

-16.2

¥

Puc. 7. U3mepenne rabapura cxatoil 30Hb OeTOHa peOpH-
CTO¥1 IUTUTHI HEPEKPBITHS ¢ KOPPOZHOHHBIMU OBPEKACHUSIMH
BCeX Oanok

e fll — TIPOTHUO HETOBPEKICHHON KeIe300eTOHHOH
Oarku pr 00pa30BaHMUH TPEX IUTACTUYCCKUX IIAPHUPOB;
/., — mporu6 GaiKu ¢ KOPPO3HOHHBIM MOBPEKIECHHEM
Ipu 00pa30BaHUH TPEX TUIACTHUCSCKHUX IMMApHUPOB.

Hannune xoppO3WOHHBIX MOBPEXKICHUN OaKu
MIPUBOIUT HE TOIHKO K MHOH ITOCIICOBATEIIEHOCTH BO3-
HUKHOBCHUS TUTACTUYCCKUX MIAPHUPOB, YBEIHUCHUIO
nmporuda, HO M K YBEITHUYCHHUIO pa3MEepOB CKATO# 00ma-
CTH MOHOIIUTHOH IITUTHI IEPEKPBITUS (pHC. 7).

Jas peOpucTOl TIUTH ¢ KOPPOAUPOBAHHBIMHU
Oamkamu 3aUKCUPOBAHO YBEIMUCHIE CIKATOH 00IacTH
OeToHAa MOHOJMUTHON TIUTHL 10 3,36 M. CpaBHUTENb-
HBIW aHAJIA3 TIOKA3EIBACT, YTO PA3HUIIA B pazMepax 3TOH
30HBI [UISI TUTUT B HEMOBPEKICHHOM U MTOBPEKICHHOM
COCTOSIHUSIX JIOCTHUTAET:

/ 2,6
A=1-—"1100% =|1-———|-100 % ~ 23 %,

2 ’ 6
TIe lH — HanOOJBIINHI TabapuT C)kKaToil 00IACTH TUTUTHI
MEPEKPHITHS B HEMTOBPEKICHHOM COCTOSHUH TIpH 00pa-
30BaHUH IIEPBOTO MITACTUYECKOTO WAPHUPA; [ , — Hau-

OoubILmii rabapuT CxKaToM 00IACTH TUTUTHI HEPEKPBITHS
B OaJike ¢ KOPPO3UOHHBIM MOBPEKICHUEM TIPH 00pa30-
BaHMU MEPBOTO IJIACTHYECKOTO LIAPHUPA.

3AKJTIOYEHHUE U OBCYXJIEHHUE

Amnamn3 H/IC HenmoBpex1eHHBIX U MTOBPEXKICHHBIX
KOPpO3HCii 0aloK KeJ1e300€TOHHOTO PeOPHCTOro mepe-
KPBITHUS TIOATBEPAMIT BIMSIHIE KOPPOZUOHHBIX 1e(hEKTOB
Ha paboTy KOHCTPYKLHHU M XapakTep paclpeieieHus
BHYTpeHHUX ycuiauil. Ha ocHOBaHMHU IPOBEAEHHOIO
YHCIIEHHOTO MOJICIMPOBAHYSI 1 CPABHEHHS PE3YJIbTaTOB
MOKHO C(OPMYJIUPOBATH CJIETYIOIINE BHIBOJIBI:

1. Haubonee cymecrsennoe usmenenune HJIC na-
OiroraeTcst o KpUTEPHIO BOSHUKHOBEHUSI ITACTHYECKUX
IapHUPOB B Oaskax. B moBpexieHHbIX Oaikax mpenesn
TEKY4eCTH apMaTypbl focTuraercs npu 74-75 % ot pac-
YETHOI Harpy3ku, 4To Ha 3 % MEHbIIE 0 CPAaBHEHUIO
¢ Mozieltbio 6e3 koppo3un. Kpome Toro, B HeNoBpeXaeH-
HOH OaJike MepBbIi IIACTHYECKUH apHup o0pasyercs
TOJIBKO B TIPOJIETE, TOT/IAa KaK B KOPPO3MOHHO-TIOBPEXK-
JICHHOW MOJIENN OH BO3HHKAET OJTHOBPEMEHHO B MPO-
JICTHOW M OTTOPHOH 30HaxX. DTO yKa3bIBaeT Ha H3MEHEHHE
MeXaHU3Ma IepepacIpee/IeHus] yCUINi B pacTsHy-
TOH apmarype u noarsepxaaet Tpanchopmarnmo HJIC
B KOHCTPYKIMSIX C KOPPO3HOHHBIMH TTOPAKEHHUSIMH.

2. [Iporun6® MoHONMUTHOU Oaku pedprcToro mepe-
KPBITHS C KOPPO3HOHHBIMH TTIOBPEXKACHUSMH TIPU 00-
Pa30BaHMU TPEX IUIACTHYECKHUX MIAPHUPOB COCTABHUII
131,7 mmM, uto Ha 23 % mpeBBIIacT 3HAYCHHE 71 Oa-
JIOK B HOPMAJIbHOM COCTOSTHHH.

3. Hamame xoppo3uu B 6aikax MPUBOANT K Ooree
MHTEHCUBHOM Nlepesiaye YCWIINH Ha MOHOJIUTHYIO IJIUTY
nepekpbITHA. OIEeHOYHBIH KpUTEpUil INHBI (00IacTh)
C)KaTOW 30HBI OETOHA IUTUTHI C KOPPO3HOHHO-TTOBPEXK-
JIeHHOU Oarkoif yBemramBaeTcs 10 3,36 M, uto Ha 23 %
60JIbIIIC AHATTOTMYHOTO TTOKA3ATEIIs VISl HETIOBPEKICHHON
MOJIETIH.
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Analysis of corrosion-damaged monolithic reinforced concrete beams in a ribbed floor slab

P. 6-18

INTRODUCTION

The prolonged use of reinforced concrete elements
in aggressive environments leads to the development
of corrosion damage to the concrete and reinforcement.
Corrosion damage to the reinforcement leads to a reduc-
tion in cross-sectional area, whilst damage to the con-
crete leads to a weakening of strength and deformation
characteristics, which results in a reduction in the load-
bearing capacity of such reinforced concrete elements.
At present, the redistribution of forces in multi-span
monolithic reinforced concrete ribbed floor slabs dam-
aged by corrosion remains poorly understood, which
confirms the relevance of this study.

Experimental studies of corrosion-damaged rein-
forced concrete beams have been carried out, and a meth-
od for calculating these structures has been proposed,
taking into account the gradual reduction in the cross-
sectional area of the reinforcing bars [1].

An important parameter under analysis is the bond
between corrosion-damaged reinforcement and con-
crete; experimental studies have been carried out focus-
ing on changes in the stress-strain state (SSS) of flexur-
al members when the bond between the reinforcement
and concrete is compromised [2]. Based on these re-
sults, characteristic crack formation patterns were iden-
tified depending on the degree of damage to the rein-
forcing bars.

Experimental studies of the stress-strain state
of concrete in the contact zone with reinforcement [3]
made it possible to assess the stages of crack forma-
tion at the outer edge of the structure due to the pressure
of corrosion products on the protective concrete layer.
The long-term resistance of reinforced concrete struc-
tures subjected to aggressive influences was investigated,
yielding practical coefficients used in verification calcu-
lations.

Corrosion-damaged elements under dynamic loa-
ding were analyzed [4], and it was established that
the strength of concrete subjected to aggressive environ-
ments is lower under dynamic loading than under static
loading. A method is proposed for calculating eccentri-
cally compressed members with impaired bond between
the tensile reinforcement and the concrete.

A practical calculation method is presented [5, 6]
that takes into account the exponential degradation
of corrosion-damaged concrete in the compressed zone.
The compressed zone of the concrete is divided into three
layers: damaged, transitional and undamaged. This ap-
proach encapsulates the evolution of the consideration
of damaged concrete in the compressed zone during
structural strength calculations.

In [7], a method is proposed for assessing the SSS
of reinforced concrete structures subjected to aggres-
sive influences at various stages of concrete behaviour
(from crack formation to failure).

Issues concerning the durability of industrial and en-
gineering buildings operated in aggressive environments
are examined, and a method for calculating corrosion-

damaged elements is presented, taking into account
the probability of failure using a service life safety factor
[8].

Exposure to aggressive environments undoubt-
edly leads to changes in the physical and mechanical
properties of concrete and reinforcement; experimental
and theoretical studies [9] have made it possible to pro-
pose a method for determining the strength and defor-
mation characteristics of such structures.

The influence of an aggressive environment not
only leads to changes in deformation characteristics but
also requires the adaptation of calculations for damaged
structures. A method has been proposed for calculating
crack formation in precast-in-situ structures, taking into
account the physically non-linear characteristics of ma-
terials [10].

Experimental studies [11] have demonstrated
the adverse effect of corrosion damage to reinforcing
bars on their bond with concrete. Field studies iden-
tified the patterns of the SSS in the zone surrounding
a corroded reinforcing bar due to the pressure of cor-
rosion products; based on the results, a coefficient was
derived that accounts for the reduction in the bond be-
tween the reinforcement and the concrete depending
on the extent of the damage.

The behaviour of reinforced concrete structures
damaged by corrosion was examined, taking into ac-
count structural changes caused by the aggressive
effects of the external environment [12]; a method
for calculating such structures is presented, includ-
ing the adaptation of stiffness calculations to account
for the non-linear deformation of concrete under creep
conditions.

Proposals have been made for models to calcu-
late reinforced concrete elements under biaxial stress
conditions (Fig. 1), taking into account the influence
of the penetration depth of the aggressive medium [13].
The design model is a hollow cylinder with a wall thick-
ness equal to the thickness of the protective concrete
layer; it has been established that the pressure exerted by
corrosion products from the reinforcement on the walls
ranges from 10 to 200 Pa, depending on the extent
of damage.

As part of a study of building structures [14], a cor-
rosion-damaged T-beam was assessed for the extent
of damage to the concrete and reinforcement, followed
by a proposal for a combined method for modelling

Pttt o toe Pttt to
T -7t g%a
- -~ -
R P r o

a b

Fig. 1. Concrete structure: @ — under uniaxial tension; b —
under biaxial tension
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such structures. The method involves creating struc-
tures using three-dimensional finite elements (FE), with
the parameters of structural damage caused by corro-
sion being accounted for by additional FE with reduced
stiffness characteristics. The deformation modulus is
calculated integrally, taking into account the load level
and the extent of corrosion damage to the concrete.

There are also other experimental and theoreti-
cal studies [15-23] of corrosion-damaged compressed
and flexural reinforced concrete members, the results
of which have yielded various equations and relation-
ships designed to assess the SSS of members subjected
to mechanical and environmental stresses. There are
also similar numerical studies [24—26], which are no
less important than field tests, allowing the assessment
of structures with various initial scenarios of environ-
mental damage.

MATERIALS AND METHODS

In the first stage, numerical verification calcula-
tions were performed on models identical to those used
in the experimental studies conducted as part of full-
scale tests [1, 2]. The convergence criteria were the ulti-
mate value of the bending moment and the correspond-
ing deflection of the test beams. The calculations were
performed in a physically non-linear formulation, us-
ing material strength characteristics analogous to those
of the full-scale specimens.

The following table shows the convergence values
of the experimental failure forces with the numerical
calculations:

P

oo _30_ s 80~ 0m010 (1)
Pem 3.6

M

oo B2 a0~ o, )
Men SO0

The reliability of the numerical model developed
is confirmed by comparing it with the results of physi-
cal experiments. The maximum deviation in terms
of ultimate forces (1), (2) does not exceed 14 %, which
indicates that the numerical model correctly accounts

Fig. 2. Finite-element model of a ribbed floor slab

for key parameters: the mechanical properties of mate-
rials, boundary conditions, and the non-linear behaviour
of concrete and reinforcement. Consequently, the veri-
fied model can be used for further numerical studies
of monolithic ribbed slabs.

In the second stage, a monolithic ribbed floor slab
with a slab thickness of 200 mm, 400 x 400 mm beams
and 400 x 400 mm columns spaced at 6.0 m inter-
vals was modelled (Fig. 2). The computational model
of the floor consists of one full span and half a span
on each side with boundary conditions at the end sec-
tions along the X and Y axes, thereby modelling a multi-
span ribbed floor slab.

The slab was modelled using 3D finite elements
with a mesh size of 40 x 40 x 40 mm (non-linear finite
element type No. 236 was used), whilst the reinforce-
ment was modelled as individual bars, also using non-
linear bar finite element type No. 210.

Concrete class B20 and reinforcement class A500
were used in a physically non-linear formulation;
the concrete was described by an exponential relation-
ship and the reinforcement by a bilinear relationship.

The reinforcement of the slab and beam was se-
lected based on preliminary calculations (Fig. 3):

* main slab reinforcement — @ 8 mm, spacing
200 mm;

« additional bottom slab reinforcement — @ 8§ mm,
spacing 200 mm;

« additional upper slab reinforcement — @ 12 mm,
spacing 200 mm;

* beam reinforcement in the lower zone — 20
12 mm + 30 14 mm (additional in the span zone);

Fig. 3. Reinforcement of the junction between the column, beam and ribbed floor slab in the structural model
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* beam reinforcement in the upper zone — 2 x
x 10 mm + 3 x 14 mm (additional in the support zone).

Two loads were created: the first is the self-
weight, the second main load is 6.6 t/m?, correspond-
ing to the complete failure of the floor slab, as deter-
mined following preliminary calculations. To determine
the value of the external load more accurately when
plastic hinges form, this load was divided into 66 steps.

A total of two variants of the ribbed floor slab were
modelled — in the normal state (undamaged) and with
corrosion-damaged beams.

Corrosion damage to the beams was modelled
using a single scenario, namely: damage was present
in the lower section over 70 % of the beam’s length,
with a depth of 40 mm (of the protective concrete cov-
er); in this zone, the cross-sectional area of the tension
reinforcement was reduced by 25 %; the corroded con-
crete was modelled as class BS.

RESEARCH RESULTS

Key findings of numerical studies of damaged
and undamaged monolithic reinforced concrete beams:

* tensile forces in the reinforcing bars of the beam’s
span and support zones under gradual loading;

* deflections of the beams upon reaching ultimate
loads;

* the size of the compressed zone of the concrete
in a monolithic floor slab at the ultimate stage prior
to failure.

Table 1 presents the tensile stress values in the sup-
port and span zones of an undamaged floor beam;
the formation of a plastic hinge, i.e. the reinforce-
ment reaching its yield point, corresponds to stresses
of 500 MPa.

The results of the analysis indicate that, in the re-
inforcement of a ribbed floor slab beam, the first plastic
hinge forms in the span zone when 78 % of the load is
reached. Full loading of the structure (100 %), accom-
panied by the formation of three plastic hinges, cor-
responds to a deflection of 107.1 mm. Fig. 4 shows

600.00 494.50

1\
400.00 326.41
N\

162.75

200.00

-37.51
—70.46

Table 1. Stress in the reinforcing bars of undamaged floor slabs

Stress o, MPa

Load The beam area
percentage, % Support Spring Support
10 35.62 37.51 35.62
20 72.67 70.46 72.67
40 162.75 150.45 162.75
60 326.41 299.23 326.41
80 494.44 506.71 494.44
100 494.50 506.73 494.50

a stress-strain diagram for the tensile stresses in the lon-
gitudinal reinforcement, where their values are pre-
sented (in the middle of the graph, the spans on the left
and right are the support stresses).

The formation of a plastic hinge in the span
and the subsequent increase in load cause a redistribu-
tion of internal stresses not only between the supporting
sections of the beam, but also involving the floor slab. In
this regard, an assessment was carried out of the extent
of the compressed concrete zone in the monolithic floor
slab.

The dimensions of the compressed concrete
zone were measured at a load of 78 %, correspond-
ing to the formation of the first plastic hinge. As can
be seen from Fig. 5, the extent of this zone in plan
reached 2.6 m. A comparison of this parameter allows
an assessment of the extent to which corrosion dam-
age to the monolithic beams affects the SSS of the rein-
forced concrete floor elements.

Table 2 shows the stresses arising in the tensioned
reinforcing bars of corrosion-damaged beams in the span
and support sections during successive loading stages.
The presence of a plastic hinge is indicated by the stress
reaching 500 MPa.

The stress results obtained for the reinforcing bars
show that the first plastic hinge forms in the support zone
of the beam at 74 % of the load, and at 75 % of the load

—e—1Load 10 % 494.50

—0—Lo0ad 20 % 326.41 /
Load 60 %

—0—Load 80 %
—®—Load 100 %

—

Stress in the bars, MPa

0.00
72.67

-200.00 = 35.62

~400.00

~600.00

72.67
35.62

—-506.73

The beam area

Fig. 4. Stress distribution diagram in the reinforcement of an undamaged beam in a ribbed floor slab
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Fig. 5. Length of the compressed zone in the concrete
of an undamaged ribbed floor slab in the Y-direction

Table 2. Stresses in the tensioned reinforcing bars of a corro-
sion-damaged beam

Stress o, MPa

Load The beam area
percentage, % Support Spring Support
10 37.84 36.72 37.84
20 69.27 65.08 69.27
40 165.55 154.91 165.55
60 342.79 323.39 343.02
80 504.35 503.95 508.22
100 504.43 504.00 508.29

in the span zone of the beam, which differs from undam-
aged beams in the sequence in which the yield point is
reached in the reinforcement. However, given the minor
discrepancy, it can be said that in this case the plastic
hinge occurs simultaneously in all zones of the ribbed
floor slab beam.

Fig. 6 shows a diagram of the distribution of ten-
sile stresses in the reinforcement (support stresses
on the left and right, and span stresses in the middle).

The deflection of the beam at the point where
three plastic hinges formed, which had suffered corro-

600.00 508.29

“\ 343.02
400.00 N

165.55
200.00

0.00

Fig. 7. Measurement of the compressed zone of a ribbed floor
slab with corrosion damage to all beams

sion damage, was 131.7 mm; the ratio to the deflection
of undamaged beams was:
A=|1- Ju -100 % =[1—10£)-100% ~ 23 %.
" 131.7

where f — deflection of an undamaged reinforced
concrete beam when three plastic hinges form; f,, —
deflection of a beam with corrosion damage resulting
in the formation of three plastic hinges.

The presence of corrosion damage to the beam
not only leads to a different sequence of plastic hinges
forming and an increase in deflection, but also to an in-
crease in the size of the compressed zone of the mono-
lithic floor slab (Fig. 7).

For a ribbed slab with corroded beams, an increase
in the compressed zone of the monolithic slab’s con-
crete to 3.36 m has been observed. A comparative anal-
ysis shows that the difference in the dimensions of this
zone between undamaged and damaged slabs reaches:

I .
A=|1-2- -100%:(1—ﬁ)-100%z23 %.
» 3.36

where / — the maximum dimension of the compressed
area of the floor slab in its undamaged ate upon the for-
mation of the first plastic hinge; /,, — the maximum

—o— Load 10 % 508.29

—o— Load 20 % 343.02 /)
Load 40 % 165.55 /
Load 60 %

—o— Load 80 %
Load 100 %

—-200.00

Stress in the bars, MPa

—400.00

—-600.00

—504.00

The beam area

Fig. 6. Diagram showing the stress distribution in the reinforcement of a corrosion-damaged ribbed floor slab beam
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dimension of the compressed region of the floor slab
in a beam with corrosion damage upon the formation
of the first plastic hinge.

CONCLUSION AND DISCUSSION

Analysis of the stress-strain behaviour of undam-
aged and corrosion-damaged beams in a reinforced
concrete ribbed floor slab has confirmed the influence
of corrosion defects on the behaviour of the structure
and the distribution of internal forces. Based on the nu-
merical modelling carried out and a comparison
of the results, the following conclusions can be drawn:

1. The most significant change in the stress-strain
diagram is observed in terms of the criterion for the for-
mation of plastic hinges in the beams. In the corroded
beams, the yield strength of the reinforcement is reached
at 74-75 % of the design load, which is 3 % lower than
in the model without corrosion. Furthermore, in an undam-

aged beam, the first plastic hinge forms only in the span,
whereas in the corrosion-damaged model it occurs simul-
taneously in both the span and support zones. This indi-
cates a change in the mechanism of force redistribution
in the tensioned reinforcement and confirms the transfor-
mation of the stress-strain state in structures with corrosion
damage.

2. The deflection of a monolithic ribbed floor beam
with corrosion damage, with the formation of three
plastic hinges, was 131.7 mm, which is 23 % greater
than the value for beams in normal condition.

3. The presence of corrosion in the beams leads
to a more intense transfer of forces to the monolithic
floor slab. The estimated criterion for the length (area)
of the concrete compression zone of the slab with a cor-
rosion-damaged beam increases to 3.36 m, which is
23 % greater than the corresponding value for the un-
damaged model.
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