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Ha migcraBi mpoBegeHUX HATYPHHX AOC/IIKeHb TAa BU3HAYECHHS NMapaMeTpiB
HANPYKEHO-Ae¢(POPMOBAHOI0 CTAaHY 3aJ1i300€TOHHMX /[BOTABPOBHX KOJIOH,
NMOMIKOMKEHUX Yy Mpoueci ekcmiayaramii, CTBOPEHO 3arajibHy MeETOIMKY
BH3HAYECHHS 3AJIUIIKOBOI HECY40i 3[IaTHOCTI eJIeMEeHTIiB. Y cTATTi HABOAUTHCH
METOAMKA BU3HAYCHHS 3aJTHIIKOBOI HECY4O0l 31aTHOCTI 3a/1i300eTOHHUX KOJIOH
3 NOIIKO/’KEHHSAM ITil KyTOM 10 T'OJIOBHUX Oceil mepepisy.

Based on the field studies and determination of the parameters of the stress-
strain state, as well as the nature of the operation of reinforced concrete I-
beam columns damaged during operation and during hostilities, a general
method for determining the residual bearing capacity of elements was created.
The article presents a method for determining the residual bearing capacity of
damaged compressed reinforced concrete columns with damage at an angle,
when the damage front is not parallel to one of the main axes of the section
and the reinforcement of the steel cage.

Prerequisites for the calculation of damaged reinforced concrete I-columns
are proposed: the hypothesis of flat sections is accepted; stresses in the
compressed zone are distributed uniformly with intensity nfcd; the stresses in
the reinforcement are taken depending on the height of the compressed zone
of concrete, the forces in the tension zone are perceived by the reinforcement
and are accepted within the calculation of tension ft; the work of tensioned
concrete is not taken into account; the condition of parallelism of force planes
is accepted (the plane of action of external and internal forces coincide or are
parallel, depending on the design case); the reduced bearing capacity of
exposed reinforcing bars is taken into account; damage front is a straight line.
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Reinforcement clip branches are taken into account as additional
reinforcement.

Equilibrium equations are composed. The proposals set forth in the article
are based on the main provisions of the current norms and expand the scope
of their use.

The proposed method for determining the residual bearing capacity of
reinforced concrete compressed elements of the tee profile, damaged during
operation and reinforced with a steel cage, is statistically justified and reliable.
This allows the calculation method to determine the possibility of further
trouble-free operation of structures.

A system of equations has been created that takes into account all the
variety of shapes and sizes of the cross section of the element as a whole, the
shapes and sizes of the compressed concrete zone. The reliability of these
proposals is confirmed by comparison with data obtained experimentally, and
statistical processing of such a comparison. The deviation variation coefficient
is 0,125.

KirouoBi cioBa: 3a1i300€TOHHI KOHCTPYKIIi, ABOTaBPOBUU IIepepi3, CTHCK,
IMOMIKOPKCHHA, CKCILIyaTallsd, pO3paxyHOK, 3aJIMIIKOBAa HECYYa 3/1aTHICTD.

reinforced concrete structures, I-beam section, compression, damage,
operation, calculation, residual bearing capacity.

Beryn. OpgnumMu 3 HaOUIbII MOMIMPEHMMHM B TPAKTUI OyMIBHUIITBA €
3a11300€TOHHI KOHCTPYKIli. B mporeci ekcrutyaraiiii, a 0COOJMBO 1HTEHCUBHO — B
X0/l OOMOBHMX i, BOHM 3a3HAIOTh MOMIKO/KEHb [1], IO 3HMKYE IMOKa3HUKU
eKCILTyaTalllifHOT NPUIATHOCTI KOHCTPYKIIIHA Ta MOKE CHPUSITH NIEPEXO/y B IpUINK
TEXHIYHUU cTaH [2].

Yunnui OyniBenbHI HOpMH [3, 4] He 1HarTh JKOAHUX PEKOMEHIAIINA 1010
OLIIHIOBaHHS 3aJIMIIKOBOI HECy4ol 3JaTHOCTI 3aj1i300€TOHHUX KOHCTPYKIUIH,
NOIIKO/UKEHUX B Ipolieci eKkcIutyartauii. K0 MOIIKOKEHHS Yy BUIJISAIL
3MEHILIEHHs IUIONIl Mepepi3y poOouoi apMaTrypd MOKHa MpsSMO OLIHUTH B
po3paxyHKy [5], TO pekoMeHJallil II0J0 BpaxyBaHHs BTPAaTU YACTUHHU
JIBOTABPOBOTO IMEpepi3y BIJICYTHI B HAYKOBIM Ta HOPMATUBHIM JiTEpaTypi

JlocnimkeHHsIM poOOTH TMOLIKO/UKEHUX Yy MpoIecl eKCIUTyaTalli CTUCHYTHX
OETOHHUX Ta 3aJ11300€TOHHUX KOHCTPYKUINA MPUCBAYEHO YuMaio poOit [6...11].

Onnak, nBoTtaBpoBUM MNpodiib (AK HAWOUIBII CKIAAHUN Ta 3arajJbHUi)
CTUCHYTHX €JIEMEHTIB B pakypcl BU3HAUEHHS 3aJMLIKOBOI HECydOl 3/IaTHOCTI
3113006 TOHHUX €JIEMEHTIB, MOIIKOJ/)KEHUX B MPOIIECI eKCIITyaTaIllii, Ha JaHUN yac
MmajoaociipkeHuid [12]. Pekomenpaiii 1m10/10 BpaxyBaHHs BTpaTH YacTHUHU
JBOTABPOBOTI'O MEpepi3y BIACYTHI B HAYKOBIM Ta HOPMATUBHIM JITEpATYpi.

AHani3 mnomepemHix gociaigxenb. B Xxoml  smiteparypHOro  aHamizy
BCTAHOBJICHO, IO OCOOJIMBOCTI BIUIMBY CKJIQJHOTO HAaBaHTaXeHHS (KOCUH
MO3aLEHTPOBUM CTUCK) Ha POOOTY 3a11300€TOHHUX KOHCTPYKUIN Ta BIUIUB HA HUX
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OTOYYIOUOTO CEpEeAOBHINA pPO3TISAaIUcS B poboTax OaraTb0X IOCIHITHUKIB.
OcuoBorwo € nmocmimkenHs: mpodecopa Topsauka M.C. [13] ta #ioro yunis [14].
Ane pob6oTa KOCOCTUCHYTHX €JIEMEHTIB, EKCIICHTPUCUTET B ABOX IUIOMIMHAX Y STKHX
BUHUK HE BiJl HAsIBHOCTI €KCIIEHTPUCHUTETIB B JBOX HaIpsIMKaX, a B pe3yJbTaTi
MOIIKO/KEHHS KOJIOH TI0 BHCOTI Ta 3MIHM TIOJIO)KCHHS TOJIOBHUX OCEH B
MTOIIKOKEHOMY TIepepisi.

[IpakTruHO BIACYTHI JaHI OO0 BIUIMBY MapaMeTPiB TaBPOBOTO IONEPEIHOTO
nepepizy 3aiai300€TOHHUX KOCOCTUCHYTHX KOJIOH (TIOIIKOKEHUX B TPOIEC]
eKcIulyaTalli) Ha iX 3aJUIIKOBY Hecywy 3aaTHicTh. Jocminu [12] mo3Boauinm
BUBUHUTH Ta OINHCATH POOOTY CTHUCHYTHX 3ai300€TOHHUX KOJIOH JBOTAaBPOBOTO
MOTIEPEYHOT0 Tepepi3y 3 MOMIKOKEHHSIMH, aje B poOOTI HE HaBeIeHA METOIMKA
BU3HAUCHHS 3aJIUIIKOBOI HECYUOl 31aTHOCTI, IKY MOKHA OyJi0 6 BUKOPHCTOBYBATH
B MIPAKTUYHUX PO3PAXYHKaX.

Mera pobdoru — po3poONEHHS METOJUMKH BU3HAUYEHHS 3aJIMIIKOBOI HECY4oi
3IaTHOCT1 3alli300€TOHHUX CTHCHYTHUX €JIEMEHTIB [IBOTABPOBOTO IONEPEUYHOTO
nepepizy TpH TOIMIKOKEHHI TiJ KyToM, sika O Oa3yBajach Ha OCHOBHHX
MOJIOKCHHSIX YMHHUX HOPM Ta pO3BHBaJa iX Iil0 Ha POOOTY KOCOCTHCHYTHX
3a11300€TOHHUX €JIEMEHTIB, MMPUYMHOIO TMOSBU CKJIAAHOTO HAMpPYXKEHOTO CTaHy B
SKUX € IMONIKOJ[KEHHS YaCTUHHU OETOHHOTO Iepepi3y Mo BUCOTI €JIEMEHTA.

Marepiajiu Ta MeTOAUKA A0CJizKeHHs1. Po3poOka Ta anpo0bariisi J0CTOBIPHOCTI
METOJIMKH BU3HAYEHHS 3AJIMIIKOBOT HECYUOT 3/1aTHOCTI 3a11300€TOHHUX CTUCHYTUX
€JIEMEHTIB JIBOTABPOBOI'O TOTIEPEYHOro MpOoQuI0, MOIMKOIKEHUX B MpOIeci
eKCILTyaTallii, BUKOHYBaJlach Ha TMiACTaBl HATYpHUX BHUMPOOYBaHb 15 MOCITIIHHAX
KOJIOH, BUKOHaHUX 3 OeToHy kiacy C 25/30 Ta apMOBaHHX TPOCTOPOBHUMU
B'3aHUMHU Kapkacamu 3 pooOouoro apmatyporo 4 12 mm knacy A 400 C Ta
MOTNIEPEUHUMU CTEPKHAMM (XOMyTaMH) 3 apMmaTypu kiacy A 240 @ 6 mm. Kosionu
3aBAaHTAXKYBAJUCA, K IMO3aIEHTPOBO CTUCHYTI €JIEMEHTH 3 IIApHIPpHUM
OoONMUpaHHAM KIHIIB B TIAPABIIYHOMY Ipeci B j1abopaTopHUX ymoBax. [leranbHO
METOJIMKA TMPOBEJCHHS HATYPHUX Ta YHCEIbHUX JOCHIKEHb BHKIIaJIeHa B pOOOTI
[12].

AHaNITUYHI PO3PaXyHKOBI 3aJ€KHOCTI JJII BU3HAUEHHS 3aJUIIKOBOI HECYYOi
3IaTHOCT1 CKJIQJIEHI Ha OCHOBI 3arajbHONPUHHATHX ab0 OOrpyHTOBAHMX
nepeaymMoB Ta  JONyIleHb. JlOCTOBIPHICTD  METOJMKH  OOIPYHTOBYETHCS
IUIAHYBAaHHSAM EKCIEPUMEHTY Ta XOPOUIOK 301KHICTIO OTPUMAaHUX TEOPETUYHUX
PEe3yIbTaTIB 3 HATYPHUMU BUMPOOYBAHHSIMU.

PesyabTatn  gocaimxenb.  Po3paxyHok — 3aii300€TOHHMX — OyndiBEeJbHHX
KOHCTPYKIIII 3a HeCy4dol 3JaTHICTIO YMHHI HOpMH [6] periiaMeHTyITh
BUKOHYBaTH BpPAxOBYIOUM (I3MUHY HENIHIHHICTE POOOTH OETOHY 3a peanbHOIO
nmiarpamoro JedopMyBaHHS €—-G. MeToauka po3paxyHKY, IO TMpEJICTaBieHa B
JaH1id poOOT1, MPOMOHYETHCS JIJISl 3aCTOCYBaHHSA B SIKOCT1 NIEPEBIPHOTO PO3PAXYHKY
MOIIKO/PKEHUX ~ JIBOTABPOBHX  €JIEMEHTIB, TOOTO, MOMKIHMBE 3aCTOCYBAaHHS
CITPOILIEHOI MPSAIMOKYTHOI €MIOPY PO3MOJIUICHHS HAMpy EeHb MO TUJIOMNIl CTUCHYTOT
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30HU. Taka mepeayMoBa OMyCKaeThcs (HOPMOIO MEpepidy Ta HE CYNEpEeuuTh II.
3.1.7.2 [4].

[TomoxeHHss HEWTpanbHOI JiHIT TPU KOCOMY TIIO3aIIEHTPOBOMY CTHUCKY
BU3HAYAETHCSA BUCOTOIO CTUCHYTO1 30HU X Ta KYTOM HaXWJ1y HEUTpabHOT JIIHII .

Po3paxyHOK eneMeHTiB, IO MPaIlOl0Th Ha KOCHH ITO3aIlleHTPOBUH CTHCK Y
3araJilbHOMY BHUIIQJIKy PEKOMEHAYEThCS [4] BUKOHYBATH 3a YMOBH MapajiebHOCTI
cwioBux TuionmH. lle o3Hauae, MmO TOYKa MPUKIAJAAHHS 30BHIIIHHOI CHIIH,
piBHOAIIOYA CTHUCHYTHUX 3yCWJIb y OCTOHI Ta apMaTypi 1 piBHOJIOYA 3YCHIb Y
PO3TATHYTIN apMaTypi TOBUHHI JIe)KaTH Ha OJHIN TIPsIMIi.

[Ipn BUKOHaHHI PO3paxXyHKy HEOOXITHO TAKOX BPaxyBaTH OTOJICHICTh apMaTypHu
[11].

[IpuitMmaeMoO OCHOBHI IIEPEYMOBH PO3PaXyHKY Ta JOMYIICHHS:

1. IlpuiiMaemo rinoTe3y MIOCKUX NepepiziB.

2. HampyxeHHS B CTUCHYTIM 30HI pO3MNOIUISIOTHCS PIBHOMIPHO 3
IHTEHCUBHICTIO 7] f 4.

3. Hampyxenus B apMmaTypi NpUHAMAarOThCA 3aJIEKHO BIiJl BUCOTH CTHUCHYTOL
30HU OeTOHY. 3yCHIUIA Y PO3TIATHYTIN 30H1 CIPUUMAIOTHCS apMaTypoIo 1 He OLIbIII
3a pO3paxyHKOBUU CIIPOTUB PO3TATHEHHIO f;.

4.  Pobota po3TSArHyTOro 6ETOHY HE BPaXOBYETHCS.

5. TlpuiiMaeMO yMOBY TMapajeIbHOCTI CHJIOBUX IUIONIMH: TIUIOMIMHA Jii
30BHIIIHIX 1 BHYTPILIHIX CHJI CIIBMAIal0Th a00 MapajebHi.

6. BpaxoByemo OroJieHHs apMaTypHUX CTPUXKHIB O,.

Po3paxyHOK NBOTaBpOBUX €JIEMEHTIB HEOOXIHO MOYMHATH 3 MOCTAHOBKH METU
pO3paxyHKy, 300py BHUXIIHMX IaHUX, aHaII3y TreoMeTpii mepepidy Ta TOYKH
NPUKJIAJaHHs 30BHIIIHBOI CHUJIH.

Sk BioMo, pyHHYBaHHS KOCOCTHUCHYTHX €JIEMEHTIB 32 HOPMaJbHUM IepepizoM
Bi/IOYBA€ETHCS 32 BIOMA CXEMaMU: 38 PO3TATHYTOIO apMaTypor0, KOJIM MOTEUYTh yCi
a00 OLIBIIICTD PO3TATHYTUX CTPUIKHIB 1 32 CTUCHYTOIO 30HOIO, KOIH PYyHHYBaHHS
MOYMHAETBCA 31 CTUCHYTOTO Oetony. llepmry cxemy pyHHYBaHHS MH MOXEMO
noOauuTh y BHUNAAKY BEJIUKUX EKCHEHTPUCHUTETIB, JpPYry — NpHU MajHx
CKCLEHTPUCUTETAX.

PosrnssHemMo BUMAnOK, KOJIM HEHTpajbHAa BICh MPOXOAUTH B MEXKax MOJIHYKH

(puc. 1).

_%g 4

b
;\-
£
As | —] As
2_ r‘__- )

Puc. 1. Po3paxyHkoBuii monepednuii nepepis
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PiBHSHHS piBHOBAaru 30BHIIIHIX 1 BHYTPINIHIX CHJI Ha Bich x(1):
SR o[} i _
N — fcd Ac i=10s1-s4 Asl—s4 = 0.

(1

[Tnomury A, 3Hai1eMo sIK 11Ty 13 IPOCTUX CKJIAJOBUX (Piryp, Ha siKi po30MBaEMO

CTUCHYTY 30HY (pHuc. 2).

Yy
T
\ A3
= // 47
NS !
ﬁ\: 3 :'er‘] Sj;ﬁl Loy

Puc. 2. [To Busna4yenHs Ao ta y,

AC =A1+A2_A3+A4_A5,

Pl (OX
AZ = b : hz,
1
A3 = Ebl : hl'

)2
[TincraBumo (3)...(7) B (2):

(2)

3)
4)
(5)
(6)
(7)

' ' 1 ' ' 1 ' 2
3anumiemMo piBHSAHHSI CYMH MOMEHTIB CHJI BIIHOCHO BiCl X, 1110 TPOXOIUThH IO

30BHIIIHIN TpaHi mepepizy (puc. 2):

' d
N-e— fcd 'Ac Yo — Z?:l Os1-52 'Asl—sz ) (h —a — ;) + Z?:l Os3-s4 "

*Ag3_ga " (a'+g) = 0.

9)

Koopaunaty y, BU3BHaUUMO SIK CYKYITHY KOOPJAMHATY CKJIaaHOI Pirypu (puc. 2).

[Tnomi Busnauewi (3)...(7), 3anuieMo KOOpAUHATHY;.
_ ArY1+A2Y—A3Y3+AsYa—AsYs

Ye A1+Ay—Az+Ay—Ay ’
h
_ f
V1= h — ?r
— h .
Y2 = EJ
hq
Y3 =n— ?'
(x-hj=ha)

Yo =h—x+ —
1 '
Ys =h—x+2-bs-tgy.
[TincraBumo (3)...(7) ta (11)...(15), y Bupas (10):
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Ye =
(- hf 2)) 1,02
2

C oK ,
hf-bf<h—7f>+b-h2 ————— 2byhy (h=2)+bp-(x—h - hz)(h X+ —b; tgy(h-x+3bstgy)

(16)
Obf-hf+b-h2—Ebl-h1+bf-(x—hf—h2)—5bf tgy
BuzHaunMo koopauHaTy X, MPOCTUX CKiIanoBuX (iryp (puc. 2):
_ Al'X1+A2'Xz—Ag'X3+A4'X4_—A5'xS 1
Xe = Ay +Ay—As+Au—A ' (17)
1 2 3 4 5
[Tnomi ¢iryp BuznaueHi (3)...(7).
"
X, = f; (18)
)
X, =L (19)
X3 = by —2; (20)
)
xe = 2L; 1)
.
xs =L (22)
[TincraBumo (3)...(7) Ta (18)...(22) y Bupas (17):
b b’ b
bphp-Ltbhy—L—Zbyhy(bp=22)+b(x-np=h S L
xC:ffz 2 11(f )f(xf 2) ngy3(23)

b}-hf+b-hz—Ebl-h1+bf-(x—hf—h2)—5bf tgy

@opmynu (16) Tta (23) onMCyrOTh MOJOKEHHS LIEHTPY MAac CTUCHYTOI 30HU
O6etony. Uepe3 10 KOOpAMHATY MIPOBEAEMO TOJIOBHI OCl X;y; CTUCHYTOI 30HHU
6erony (puc. 3). IIpaBa 1 miBa yactuHa (irypu BiITHOCHO OCi y; MOBHHHA OyTH Y
PIBHOBA3I.

TS
=, \\;‘/

%@%@T

Puc. 3. J/Io BU3HaUE€HHS CTAaTUYHOTO MOMeHTy S, BIIHOCHO T'OJIOBHUX OCEH Y X4

Syl=A1'X1+A2'X2+A3'x3—A4'X4—A5'X5+A6'X6—A7'X7—A8'

"Xg +Agx9 = 0. (24)
BuznaunMo 1o ckiaagoBux Giryp Ta ix KOOpJUHATH:
Ay =Ry x (25)
Ay = hy - (x, — by); (26)
As =x,+(x — hf — hy — (bs — x.) " tgy); (27)
Ay =75 x> tgy; (28)
As = (by — x,) " hg; (29)
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1
Ag=1:b; - hy; (30)

A7 == (bf" — X, — bz) b hz; (31)
1 ' 2
Ag =+ (br —x.) tgy; (33)
X,
X, =2, (34)
x, =222 (35)
Xy = =<; (36)
3= ;'
Xy = g-xc; (37)
xs = L, 38)
x6 = by — X, — = by; (39)
X, = @; (40)
b'—xC
xg = 1 (41)
b}—xc
Xo = , (42)

3
[TimcraBumo (25)...(42) y (24):

4

Sy = Ry X S+ hy+ (x. — by)

Xe—

2b2+xc-(x—h}—h2—(b}—xc)-

tg)/)'%—%'xcz'tgy'g'xc—(b}—xc)'h}'bf;xc+%'b1'h1'(b];—xc—

, be—x.—b , , be—x,
%bl)——(bf—xc—bz)-hz-fTZ—(bf—xc)-(x—(zf—hz)- L=42
(b —x.) tgy L= = 0; (43)

He x., BupaxeHo popmyroro (23).

Ananizyemo otpumani koperi: N > 0,x > 0,x = h, + h;. Sxmo kopeHi He
3aJI0BOJIBHSIIOTh LIMM BUMOIaM, TO HEOOXIAHO 3pOOMTH MepepaxyHOK 3ajaadl,
3MIHUBUIM NPU HOMY (POPMY CTUCHYTOI 30HH OETOHY.

CratuctuudHa oOpoOKa BIJIXWJIEHb EKCIEPUMEHTAIbHUX 3HA4Y€Hb 3aJIUIIKOBOI
HECYYO1 3/JaTHOCTI MOLIKO/PKEHUX €JIEMEHTIB JI0 HECYUO] 3/JaTHOCTI, BU3HAUEHOT 32
METOAMKOI0, II0 MPOMOHYETHCS, A€ JIOCTaTHbO TOYHHUH(KOe(DiieHT Bapiaiii
BigxuieHHs 0,125) pesynbrar po3paxyHKy, TOOTO, MpH BHUKOHAHHI MPOCTOTO
QNropuTMy [Jid MOXKJIMBO OTPUMATU pPYHHYIOUl 3YCWUIS Ui OPUUHATTS
MOJAJIBIINX PIIEHb 100 HOIKOIKEHOTO eJIEMEHTA.

BucnoBku. Po3poOnenuii Ta AOBENEHUN 10 PIBHS MOKJIMBOCTI MPAKTHUYHOTO
BUKOPUCTAHHS aHAJITUYHUN METOJ| BU3HAYEHHS 3aJMIIKOBOI HECYydoi 3JaTHOCTI
NOIIKO/PKEHUX CTHUCHYTHUX 3aJ11300€TOHHUX KOJIOH JIBOTABPOBOI'O IIONEPEYHOIO
nepepizy, SIKuil 0a3y€eThCs Ha OCHOBHUX IOJIOKEHHSAX HOPM Ta PO3IIUPIOE IX JI1HO
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Ha PO3paxyHOK HANOINBII CKIAAHOTO MEpepi3y Ta MeToAy miacwieHHs. [IpuitHaTi
MepeIyMOBH, SIKI € OOIpYHTOBaHMMH a0o 3arainbHO mNpuiHATHMH. CTBOpEHA
CUCTEMH pIBHAHb, SKI BpPaxoBYIOTb ycC€ pIZHOMAHITTS ¢GopM Ta pO3MIpIiB
MOTIEPEYHOTO TIepepi3y elleMEeHTa B MUIOMY, (opM Ta pO3MIpiB CTUCHYTOI 30HHU
6erony. CmiBCTaBJEHHS pe3yJbTaTiB aHAJTITUYHOTO BU3HAYCHHS 3aJUIIKOBO1
HECY4YOi 3JaTHOCTI 3 OTpPHMaHMMHM B XOJ1 CTaTUCTUYHO JOCTOBIPHOTO
eKCIIEpUMEHTY TIOKazaB 1o0py 30DKHICTh BIAXWJICHHS IUX BEIWUYHH, IO A€
OCHOBY JIJII PEKOMEHAAIIIT METOIy PO3PaxyHKY IS MPAKTUYHOTO BUKOPUCTAHHS.
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