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AnHoTtanus. Xene300eToH SBIISETCS OCHOBHBIM KOHCTPYKIIMOHHBIM MaTe-
pHAIIOM AT CTPOUTEINBCTBA 31aHUH 1 COOPYKEHUH Pa3THIHOTO Ha3HAYCHHUS.
OnHO¥ 13 KITIOYEBBIX XapaKTEPUCTHK, ONPEACIIONNX 0€30IIaCHOCTD, A0JT0-
BEYHOCTbH M HA/ISKHOCTh TAKUX KOHCTPYKIIHH, SIBISTCS MX HecyIas coco0-
HOCTb. OCHOBHBIM (haKTOPOM CHIKEHHsI Hecyllel cliocOOHOCTH xkere300e-
TOHHBIX KOHCTPYKIUH SBIAIOTCS KOPPO3HOHHBIE BO3JIECHCTBHSA, IPEICTABIIA-
I0IIKe HauOOJIBIIYIO ONACHOCTD AJIS H3rHOaeMbIX KOHCTpykuuil. Paccmarpu-
BaeTCs BIMSHHUE XJIOPUIHBIX KOPPO3HOHHBIX IOBPEXICHUIT OETOHA CXKATOH
30HBI Ha HECYIIYIO CIOCOOHOCTH N3rM0aeMBbIX JKeJ1e300eTOHHBIX O0alloK. YcTa-
HOBJICHO, YTO KOPPO3HOHHBIC ITOBPEXKICHUS CXKATOH 30HBI OETOHA BEIYT K
CHIDKCHHIO MPOYHOCTHBIX XapaKTEPHCTHK CXKAaTOH 30HBI, YTO HMPHBOIHUT K
CHIDKEHHIO Hecylleil crnocoOHOCTH M3rnbaeMoi jxene300eTOHHON Oayku B
nenoM. Taxxe BCIEACTBHE KOPPO3HM M3 PabOTHI BEIKIIOUAECTCS apMaTypa
CXKaTOH 30HBI, YTO TAKKE IPHBOJMT K CHIDKCHHIO HeCyIIeil ClIOCOOHOCTH U3-
rubaemMoit Oankw.
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Abstract. Reinforced concrete is the primary structural material for the con-
struction of buildings and structures of various purposes. One of the key char-
acteristics determining the safety, durability, and reliability of such structures
is their load-bearing capacity. The main factor reducing the load-bearing ca-
pacity of reinforced concrete structures is corrosion, which poses the greatest
threat to flexural members. This paper examines the influence of chloride-
induced corrosion damage in the concrete compression zone on the load-bear-
ing capacity of reinforced concrete flexural beams.
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For citation It has been established that corrosion damage in the concrete compression
Tamrazyan A.G., Sadoyan H.A. Bearing zone leads to a degradation of its strength properties, which, in turn, results in
Capacity of Flexural Reinforced Con- a reduction of the beam's overall load-bearing capacity. Furthermore, corro-
crete Beams with Corrosion Damage in sion leads to the disengagement of the compression reinforcement from car-
the Compression Zone. Reinforced con- rying load, which also contributes to the reduction of the flexural member's
crete structures. 2025; 3(11):21-27. load-bearing capacity.

BBEJIEHHUE

Paznu4HbIe TPYABI POCCUICKHX U 3apyOeKHBIX aBTOPOB IIOKA3bIBAIOT, YTO OCHOBHBIM (JaKTOPOM,
NPUBO/SIIIUM K CHIDKCHHIO SKCIUTyaTallMOHHBIX KA4eCTB M MPEXKICBPEMEHHOMY BBIXOJY KOHCTPYK-
1 U3 CTPOS, SIBJSIETCS. KOPPO3HUsl apMaTyphl. SHAYMTEIBbHBIA 00bEM HCCICIOBAHUI TPAIUIIMOHHO
OBLI COCPEIOTOYCH Ha KOPPO3UH PACTSIHYTOH apMaTyphl, ITOCKOJIbKY HIMEHHO OHA B IIEPBYIO O4epe/Ib
BOCIIPUHHMMAET U3rudaromre MoMeHTs [1-3].

[Tpu 5TOM AOCTATOYHO MaJION3yYSHHBIM OCTACTCS BOIPOC BIMSIHUS KOPPO3UOHHBIX BO3JCHCTBHI
Ha CXKATyro0 30HY M3ru0aeMoil skes1e300eTOHHOM Oaliku, KOTOpasi MOKET NMPHUBECTH K TTOBPEXKICHUAM
OeToHa C)KaTOM 30HBI, a TAKIKE KOPPO3UOHHBIM MTOBPEKACHUSIM apMaTyphl C:KaToi 30HbI [4—6].

Koppo3uoHHbIE MOBPEXKICHUS CKaTOM 30HBI MPUBOIAT K PsAYy HETAaTUBHBIX IOCIEICTBUI:
yMeHbIIaeTcs 3 PEeKTUBHAS TUIOMIA b OETOHA, BOCHPUHUMAIOIIETO COKUMAFOIINE YCHIIHSI, CHU)KACTCS
HPOYHOCTB U IePOPMATUBHOCTh OCTOHA, HAPYILIACTCS YCIOBUE COBMECTHOM pabOThl apMaTyphbl U Oe-
TOHA, & TAKXKE YMEHbBIACTCS IJIOIIA/Ib apMATyPhI CKATOM 30HBI, YTO B KOMILIEKCE MOXKET CITPOBOIIH-
pOBaTh XPYIIKOE pa3pyIlIecHHE JIEMEHTa 0 CkaToi 30He [7, 8].

OnunM u3 Hanbosee pacpOCTPAaHEHHBIX BUIOB KOPPO3HOHHBIX BO3/ICHCTBUI HA CXKATYIO 30HY
OeToHa SBIIETCS XJIOPUAHAS KOPPO3Us, TPUBOAAIIAS K 3HAUUTEIBHBIM IOTEPSIM HECyIIel criocoOHO-
CTH U3rudaemMoi xesne300eToHHo 6anku [9, 10].

CymiecTByoIIMe MOJICNN y4eTa KOPPO3HOHHBIX MOBPEKACHUH CKATOM 30HBI OETOHA SBISIFOTCS
JOCTaTOYHO TPYAOEMKHMH, B YACTHOCTH, IIPOOJIEMHBIM SIBJISICTCS OTPE/ICIICHIE HIDKHUX TPAHUIL I10-
BPEXKJICHHOW YacTH M MepexoaHou 30HbI (puc. 1). Takke TpyIHOCTH BbI3bIBacT (DYyHKIIUS ONpeaese-
HUS Kod(pUlIeHTa U3MEHEHNS TIPOYHOCTHBIX XapaKTePUCTUK OETOHA B MEpeX0oHOM 30He. B coot-
BETCTBUH C 3TUM MPUMEHEHHE JIaHHBIX METOJIOB TPEOYyeT OOJBIIOr0 KOJHYSCTBA HCXOIHBIX JaHHBIX.

Llenbro TaHHOM PaOOTHI SBISIOTCS OIIEHKA BIMSHHUS KOPPO3UOHHBIX MOBPEXKIECHHI OETOHA U ap-
MaTypsbl C)KaTOM 30HBI Ha IPOYHOCTHBIE U 1e()OPMALIMOHHBIE XapaKTePUCTHKH N3THOaEMBIX JKele30-
OeTOHHBIX OaNOK M pa3pabOTKa METOJMKH pacdyeTa X HeCyIed CIIOCOOHOCTH.

B pamkax gaHHO#M paOoThI AaBJICHUE MPOAYKTOB KOPPO3HU apMaTyphl CKaTOM 30HBI YCIIOBHO HE
YUUTHIBACTCSL.
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TI0Bp eXIEHHAN TACTh
- ] € YTPaYeHHEIM CIIOEEIM
CONpOTHENEHIEN
TOBD SHKIEHHAA HaCTh
C YTPa4EHHBIM CHJIOERIM
COMpPOTHENCHHENM Iy} TePEXONHAAI0HA
(7o) CHJIOEOE CONpOTHEIIEHHE
= = J HACTHYHO COXPAHEHO
COXpPaHEHHAN TacTh COXpAHEHHAA YaCTh
CHJIOBOTO CONPOTUENEHUA CHIIOBOTO COMPO THENEHIS
c) d)
TOBPEIEHHAT TaCTh TI0Bp eXK/IEHHAA TACTh
N A~ cyTpaueHHEIM CHTOBEIM | & ] € YIPATEHHLIM CHIOEEIM
COIIP OTHENIEHHEM CONpOTHENEHEEN
[7e) NEPEX0IHAA 30HaA ) OEepEX0JHAA 30HA
CHIIOEOE COMpOTUENEHHE CILTOEOE CONPO THEJIEHUE
= [ HACTIHO COXPAEHO [ YACTHYHO COXPaHEHo

COXpaHEHHAA JacTh

COXpAHEHHAA 4acTh
CHJIOBOTO COMPOTMBAEHHA

CHIOEOTO CONPOTHBIEHHA
Puc. 1. Moaenu KOppO3HOHHO-TIOBPEIKIACHHBIX OCTOHHBIX DJIEMEHTOR!
a— E.A. T'yseesa [11, 12]; b —IL.T. Komoxosa [13]; ¢ — B.!. Pummuuna [14]; d — B.M. Bonaapenko [15, 16], E.A. Jlapuo-
HoBa [17]
Fig. 1. Models of corrosion-damaged concrete elements:
a— E.A. Guzeev [11, 12]; b — P.G. Komokhov [13]; ¢ — V.I. Rimshin [14]; d — V.M. Bondarenko [15, 16], E.A. Larionov
[17]

METOJ

bonee mpukimaiHBIMU K PEIICHUIO JAHHOTO POJia 3ajay SIBISIOTCS MOJCNH, MPEIIOKEHHbBIE
B.I1. CensieBbim [18], coriacHo KOTOPBIM BBIZACISIOTCS 2 30HBI: TOBPEXKICHHAS U HEMOBPEXKICHHASN

(pI/IC. 2). HeCMOTpH Ha psg IpeuMylieCTB, JaHHBIC MOJICIN HC YYHUTBIBAIOT pa60Ty coKaTou apMaTyphl.
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Puc. 2. HanpspxeHHO-IepOPMHUPOBAHHOE COCTOSHIE CKATOW 30HBI H3TH0AEMOT0 KelIe300€TOHHOTO 3JIeMeHTa 0e3
yuera paboThl CxKaToi apMatypsl, mpemioxkentoe B.I1. Cemsebim [18]
Fig. 2. The stress-strain state of the compression zone in a flexural reinforced concrete element, excluding the con-
tribution of the compression reinforcement, as proposed by V.P. Selyaev [18]
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CHIKeHHe Hecylel CIIOCOOHOCTH OalTKu ONpeAeIsIeTCs TPEeMs KIIFOYEBBIMU TTapaMeTpaMHu: CTe-
MICHBIO CHIDKCHHS TPOYHOCTH OSTOHA B KOPPOIMPOBAHHBIX CIOSX, TIIYOHMHOW PacipOCTpaHSHHUS I10-
BPEXKICHHS ¥ BUIOM KOPPO3UOHHOTO Bo3zeiicTus [3, 4].

[Tpu BBICOKO arpecCUBHOI KOPPO3HOHHOW Cpelie MPOYHOCTh OETOHA MOXKET CHH3HTHCS 10 5—15 %
OT NepBOHAYAIBHON yke B nepBbie 50—200 cyToK. YUHUTBIBas, 4TO MPOSKTHBIH CPOK CITYKOBI TAKHX
KOHCTPYKIIMHA UCUYUCISICTCS ACCATWICTUSIMU, JIJIsl PACYSTOB MPOYHOCTh KOPPOJAUPOBAHHOIO OETOHA
MOYXHO CYHMTaTh paBHOU Hy:to [18].

JIi1st aHanM3a paccCMOTPHM CIIEAYIOLIYIO OajKy, IPEJICTAaBICHHYIO Ha puc. 3.

8 ASQ0C
NN
~: B
T %6 AS00C
_D:r p"'
(e ]
S| ®16 AS00C
o ) —
o :
\\ | y
N |
30 J, L,
P

Puc. 3. Ceuenune paccmarpuBaeMoii 0anku
Fig. 3. Cross-section of the beam under study

OCHOBHBIM METOJIOM pacueTa N3rudaeMbIX jKeIe300€TOHHBIX 0aJIOK, COTJIACHO POCCUHCKUM HOP-
MaMm, SIBIISICTCSL METO/I IIpeAebHbIX cocTosiHui [19, 20], B COOTBETCTBHM C KOTOPBIM pacyeT 1o Mpod-
HOCTH HOPMAJIBHBIX CEUYCHHUI IPOU3BOIUTCA IO CIEeayomel hopmyie:

M < Muit. (l)
rae M — usrubaromuii MOMEHT OT BHELIHEHN Harpy3KH;
Mult — mpeaesbHbIi U3rudaroIMil MOMEHT, KOTOPBIH ceueHre CIOCOOHO BOCIIPUHSAT, ONIpeIes-
eMblii 1o popmysie:

M, =R, -b-x-(h,=0,5x) + R, - A - (hy —a), (2)
i€ X — BBICOTA CHKATOM 30HBI OETOHA, ONPEAEIseMas 110 CleAyIomen Gopmye:
X=RS'A%_RSC'ASC; (3)
R,-b

ho — pabouas BbIcOTa ceueHHMs OANKH.
®opmyna (4) cripaBeasiviBa IPU BHIIOJHEHUH CIEAYIONIEr0 YCIOBHUS:

X 0,8
C:h_SCR:—ga (4)
0 1+57'e|
€2

rine { — OTHOCHUTEJIbHAs BBICOTA CKATOM 30HBI OETOHA;

€s.el — OTHOCHUTENbHAs feopMaliis pacTAHYTOW apMaTyphl Py HaNpsHKEeHUsX Rs;

€b2 — OTHOCHTEJbHAsA JeopMalus C)KaToro OeToHa MpH HANPSDKEHHUSIX Rb MpH HEMpPOI0IKH-
TEJIbHOM JCHCTBUU HArpy3KHu.
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PE3YJIBTATBI U OGCYXJIEHUE

Ha puc. 4 npencraBiieHa 3aBUCHMOCTh TIPEICITBHOTO MOMEHTA, KOTOPBIM Oajka criocoOHa BOC-
MPUHATDL, OT FJIy6I/IHI>I MMPOHUKHOBCHUA XJIOPUIOB.

- 40
b
o
o 35
=
=
E 30
=]
3
3 25
=]
=]
(&)
2 20
=
=
s
s 15
0 20 40 60 80 100

I'ryOuHa MpOHIKHOREHHS XIOPHI0B, MM

Puc. 4. 3aBucumocTs Hecyiei cnocoOHocTH Myt OT TITyOHHBI TPOHUKHOBEHHS XJIOPU/IOB
Fig. 4. Dependence of the load-bearing capacity My on the chloride penetration depth

Pe3koe nanenue rpaduka npu riayOuHe NPOHUKHOBEHMS XJIOpHUI0B OT 36 10 44 MM CBsI3aHO C
BBIKJIFOUCHHEM U3 pabOThl apMaTyphbl CKAaTOM 30HBI OeTOHA (CM. pHC. 4).

Hecymas crnocoGHOCTh 110 HOPMAJIBHBIM CEUYEHHUSM 10 MPOHUKHOBEHMS XJIOPHI0B COCTABIISIET
39,69 xkH-M, nepen BhIKIIOUEHHEM U3 paboTHI cxatoit apmatypsl 34,85 kH-M (87,8 % ot ucxoaHoro),
1ocJie BBIKIIOUCHHs CkaToil apmatypsl 24,89 kH'm (62,7 % OT MCXOMHOTO), PU MPOHUKHOBESHUN
xsopuzioB Ha 100 MM B cxxatyto 300y 17,36 kH M (43,7 % oT ncxoHOrO).

Bwmecte ¢ Tem xpynkoro pa3pyuieHus: Oanku npu riiyOuHe MPOHUKHOBEHHUS XJIOPUIOB, PAaBHOM
100 MM, HE IPOMCXOUT, MPEJEeNbHOE 3HAUeHUE OTHOCUTEIBHON BBICOTHI CcxaToil 30HbI &R = 0,509
(puc. 5).

Xpynkoe pa3pylieHue 0alKky MOKET MPOU30MTH TOJIBKO MOCIIE AaJTbHEHIIero pacpoCTpaHeH s

BO3/JICHCTBUS XJIOPUAOB Ha TyOuny 139 mm.
0.4

£,=0,509 :

4

OTHOCHTEIEHAS BEICOTA CHKATOM
30HBI OeTOHa &

0 20 40 60 80 100
I'my6HuHa IpOHHKHOBEHHS XJIOPHIOB, MM

Puc. 5. 3aBHCHMOCTH OTHOCUTEIBHOM BBICOTHI CKaTOW 30HBI & OT TIIyOHHBI IPOHUKHOBEHUS XJIOPUIOB
Fig. 5. Dependence of the relative depth of the compression zone & on the chloride penetration depth

3AK/IIOYEHUE

HpOBGI[CHHBIfI AHAJIN3 ITOKA3bIBACT, YTO KOPPO3MOHHBIC ITOBPCKIACHUA C)KaToM 30HBI M3rubae-
MBIX JKeJIe300€TOHHBIX OaJloK NPUBOJAAT K 3HAYUTCIBHBIM CHUIKCHUAM HUX HGCYIJ_ICI\/’I CIIOCOOHOCTH.
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[Tpu 3TOM yCTaHOBIJIEHO, UTO BBHIKIIOUEHHUE U3 pabOThI apMaTyphl CKATOM 30HBI IPUBOJUT K PE3KOMY
CHIDKEHHIO HEeCylIed CIOCOOHOCTH M3rH0aeMoi Kelie300€TOHHOM OajKé, YTO MOKET MPHUBECTH K
KPUTHYCCKUM MOCIICACTBUAM JISA KOHCTPYKHI/H\/JI, 9KCINTYaTUPYCEMBIX B arpCCCUBHLBIX CpCaax.
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