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JKOHOMHSA METAJINA NPH HCNONb30BAHMM
HOBbIX BH10B APMATYPbI H PAGYETAX
B NPOTPAMME «OM GHull XKENESOBETOH>

AHHOTauuA

Beepenne. lMNMpencTtaBneHbl MeTognka M peaynsratbl UC-
cnepoBaHuii 3EKTUBHOCTM NMPUMEHEHUS B Xene3obe-
TOHHbIX KOHCTPYKLMAX HOBOM apmatypbl C MHOrOPSOHbIM
npocpunem knacco: A500CIT n A600CTT (LecTUpsAaHbIR),
Ay500CTIT (4eTblpexpsagHbi). OCHOBHOE BHWMaHue yge-
NEHO BTOPOMY NpefenbHOMY COCTOSIHUIO — pacyeTy Tpe-
LLIMHOCTOMKOCTN. Ha KOHKPETHbIX YMCNOBbLIX MpUMepax
BbIMOMHEHO CPaBHEHWE Pe3ynbTaToB, MOfyYaeMblX Mpu
MCMONb30BaHNM apmMatypbl C MHOropsgHbIM npodunem
knaccos A500CIT n A600CIT1, Ay500CTIT n knacca A500 ¢
OBYXPSOHBIM CEPNOBMAHBIM Npodomnem. BeisiBneHbl BO3-
MOXHOCTU CYLLIECTBEHHOrO CHWXEHWsI pacxofa B cryvae
NPUMEHEHNS MHOrOpsAHON apMaTypbl. PacyeTbl BbINOMHS-
nuck B OBM-nporpamme «OM CHuI XKene3o6eToH».
Llenb. BbisBuTb NperMyLLieCTBa MCNONb30BaHWUSA Npu Npo-
E€KTMPOBAHUN >XENe306€TOHHbIX KOHCTPYKUMIA apmaTypbl
knaccos A500CT1, Ay500CI1, A600CIT ¢ HoBbIM MHOrOpsAa-
HbIM npodunnem. MNMokasaTe BO3MOXHOCTM MPakTUYECKON
peanusaumm NpeumyLLEecTB Npu pacyHeTax B nporpamme
«OM CHwuIT XKene3o6eToH».

Matepuansl n metogsl. VlccnegosaHvs NpoBOAUnu Ans
[BYX TUMOB KOHCTPYKUWMIA. K nepBoMy TNy OTHOCUANCH BO-
CEMb CEYEHWNIN ANEMEHTOB, paboTaloLLMX Ha U3rMb, KOCON
U3rnd, BHELEHTPEHHOE CXaTue, KOCOe BHELIEHTPEHHOe
cxartme. B ykasaHHbIX ce4eHnsx BbINOMHEH nogoop apma-
Typbl knacco A500 1 A500CIT (Ay500CIT) gns o6ecnede-
HWSi HOPMATMBHbIX TPEOOBAHUI MO TPELLMHOCTOMKOCTU. Ko
BTOPOMY TUMY OTHOCMIIOCH Xene306eTOHHOE NepeKkpbIThe
3aaHus. B pacyeTtax yuutbiBanuch Tpe60BaHMSA MPOYHOCTH
W TPELUMHOCTOMKOCTU. BbinonHanuch ABa B1aa pacHeTos:
onpegenanu ycunusa 1 nopgdupanu apmarypy A500 no
nporpamme JIMPA-CAITP; nog6upanu apmatypy A500CT1
(Ay500CIT) no nporpamme «OM CHwll XKene3o6eToH» Ha
ycunus, nonyyexHslie B nporpamme JIMPA-CATIP.

Pesynbratel. Wcnonb3oBaHve apmartypbl  KaccoB
A500CI1, Ay500CI, A600CI1 ¢ HOBbIM MHOrOpsioHbLIM
npodunem No3BONSAET NOMYYNTb SKOHOMUIO MeTanna fo
25 %, MO CpaBHEHWIO C NPUMEHAEMbIMU B HacTosiLLee
Bpemsi knaccamm A500, A600C c OBYXpsiiHbIM Ceprno-
BUOHbLIM NpOdUNEM.

BeiBogbi. Apmatypa knaccoB A500CI, Ay500CI,
AB00CIT pekomMeHmyeTCcs ONnsi LUMPOKOrO BHEOPEHUs
C MCMONb30BaHWEM MpPU MPOEKTUPOBAHUU MPOrpamMmbl
«OM CHwIN XKene3o6eToH».
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SAVING OF METAL WHEN USING NEW TYPES OF
REINFORCEMENT AND CALCULATIONS USING THE
COMPUTER PROGRAM "OM SNiP REINFORGED GCONCRETE"

Abstract

Introduction. The methodology and results of research on
the effectiveness of the use of new reinforcement in rein-
forced concrete structures with a multi-row profile of class-
es: A500SP and A600SP (six-row), Au500SP (four-row).
The main attention is paid to the second limit state — the
calculation of crack resistance. Using specific numerical
examples, the results obtained when using reinforcement
with a multi-row profile of classes A500SP and A600SP,
Au500SP and class A500 with a double-row crescent pro-
file are compared. The possibilities of a significant reduc-
tion in consumption in the case of multi-row fittings have
been identified. Calculations were performed in the com-
puter program "OM SNiP Reinforced Concrete".

Aim. To identify the advantages of using A500SP,
A500SP, AB00SP reinforcement with a new multi-row
profile in the design of reinforced concrete structures. To
show the possibilities of practical realization of advan-
tages in the calculations of the HPE program "OM SNiP
Reinforced Concrete".

Materials and methods. The studies were carried out for
two types of structures. The first type included eight sec-
tions of elements working on bending, oblique bending,
off-center compression, oblique off-center compression.
In these sections, reinforcement of A500 and A500SP
(Au500SP) classes were selected to ensure regulatory re-
quirements for crack resistance. The second type was the
reinforced concrete floor of the building. The calculations
took into account the requirements of strength and crack
resistance. Two types of calculations were performed:
efforts were determined and A500 fittings were selected
according to the LIRA-SAPR program”; rebar A500SP
(Au500SP) was selected according to the "OM SNiP
Reinforced Concrete program for the efforts received in
the LIRA-SAPR program.
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Results. The use of reinforcement of the AS500SP,
A500SP, ABOOSP classes with a new multi-row profile al-
lows for metal savings of up to 25 %, compared with the
currently used A500, A600C classes with a double-row
crescent profile.

Conclusions. Reinforcement rods of A500SP, Au500SP,
ABOOSP classes are recommended for wide implementa-
tion using the OM SNiP Reinforced Concrete program in
the design.

Keywords: reinforced concrete structures, calculation,
crack resistance, A500 reinforcement, A500SP reinforce-
ment, Au500SP reinforcement, A600OSP reinforcement,
nonlinear deformation model, metal economy
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PaccMmoTpeHbl KOHCTPYKUMKM 6e3 npensapuTesibHOro
Hanps>keHUs apMaTtypbl, apMUPOBaHHbIE CTaNsaMU Knac-
coB A500CI1, Ay500CI1, A600CIT ¢ HOBbIM MHOropsa-
HbiM npocmnem n A500 ¢ ABYXpsLHbIM CEPrOBUOHBIM
npocgunem [1]. OCHOBHOE BHMMaHue yOeneHo pacyety
TPELLMHOCTOMKOCTH.

B cratbe npefctaBneHbl mMeToAMKa M pes3ynbraThl
uccnegoBaHui 3A(PMEKTUBHOCTU MPUMEHEHUS XENe30-
6ETOHHbIX KOHCTPYKLMIA, NPOEKTUPYEMbIX MO CTaHAapTy
opraHusauum [2].

CornacHo CIM 63.13330.2018 [3], WMpuHy packpbITus
HOpMaJsIbHbIX TPELLMH BbINONHAT No dopmyrne (8.1.28)

acrc: (pl (pZ (pSlIJs %i Is’

roe o, — HanpshxeHvue B NPOJOSbHON pacTaHYTON apma-
Type B Ce4EHUN C TPELLMHOW;

E_— MoAynb ynpyrocTi apmarypsbi;

I — 6a30BOe paccTosHWe MeXAy CMEXHbIMM HOp-
MasbHbIMW TpeLLMHaMu;

¥ — KOS(O(PULMEHT, Y4UUTLIBAIOLLMIA BIIMSIHVE HepaB-
HOMEpPHOro pacrpefeneHns OTHOCUTENBLHON Adedopma-
LUnn apmatypbl MeXay TpeLumHamu;

@, — KOI(PPULINEHT, yHUTLIBAIOLLIMIA NPOAOIIKUTESb-
HOCTb AeNCTBUS Harpy3Ku;

@, — KO3(MPULIMEHT, y4UTbIBAIOLMIA BUL, U BMAHME
nepuogmyeckoro npocuns apmaTypsl;

@, — KOIMULMEHT, YHUTLIBAIOLLMIA XapakTep npu-
NOXEHUS1 Harpy3Ku.

3Ha4yeHna BENMMYMH, BXogawmx B dopmysy (8.1.28),
NPUHUMAIOT B OCHOBHOM o [3]. B pacyeTtax no [2] MeHs-
0T TOJIbKO KO3(MMLMEHT @,, NPUHNMAs ero pasHbiM 0,4
BMecTto 0,5. OTO uM3MmeHeHne o6ycnoBneHo 6onee
3(pheKTMBHLIM cLenneHnem ¢ 6€TOHOM apMaTypbl Krac-
coB A500CTI1, Ay500CI1, A600CI1, no cpaBHeHUO C
apmMartypon nepnogn4eckoro npodunsa gpyrux Knaccos.

WccnegoBaHns BbINOMHANW CrledyowmM 06pasoMm.
Mo nporpamme «OM CHulT >Kene306eToH» Ha OCHOBE
HEeNMHENHON [edopMaunuoHHOM Moaenn nogoévpanu
apMmpoBaHune B OTAESbHbIX Ce4eHusx (C yyeTom Tpebo-
BaHWI TPELLUMHOCTOMKOCTN) M B NEPEKPLITUN 34aHns (C
Y4E€TOM TPeBGOBaHUN NPOYHOCTU N TPELLUNHOCTOMKOCTM).
[ns KOHKPETHOCTM BO BCEX CMyYasx CpaBHUBANN pacxon
cTanu npu ucnosnb3osaHnn apmMaTypsbl Knaccos A500 [3]
n A500CTT (Ay500CI) [2].

OTpenbHble ceYyeHus

OTpenbHble cedeHuns (dhopma 1 pacnonoxXeHne apma-
Typbl) nokasaHbl Ha puc. 1. lMNMpu nogbope onameTpoB
apMaTtypHbIX CTEpXHen obecneymBasicb COXPaHHOCTb
apmartypbl No TpebOBaHWAM K LUMPUHE PacKpbITUS Tpe-
WuH (n. 8.2.6), TpexnunHerHas gmarpamMmma COCTOAHUS
6eTtoHa (n. 6.1.19), BNaXHOCTb OKpyXatoLlern cpenbl
40-75 % (n. 8.1.19) [3].

Bcero BbINonHeHO 8 pacyeToB, YCNOBWUS KOTOPbIX
npueegeHbl HUXe. Knaccel 6eToHa B pacyetax 1—4 1 5-8
NPUHATLI cooTBeTcTBEHHO B15 1 B30. Ecnu He ykasaHo
WHa4e, TO BCE CTEPXHU B CEYEHUM UMEKT OOUHAKOBbLIV

CeyeHue 1 CeyeHue 2

CeueHue 3 CeyeHue 4

Ceu4eHue 5

Puc. 1. OtgenbHble ceqerusi. Dopma v pacriofioxXeHne apMmarypbl

Fig. 1. Individual sections. The shape and location of the reinforcement
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anameTp. MnHumansHbI AnameTp nogémvpaemMoro apma-
TYPHOIO CTEPXXHS NMPUHAT paBHbIM 10 MM.

Pacuyetr 1. CedeHne 1 wu3rmbaemoro onemeHTa.
M3rmnbatome MOMEHTbI OT MOCTOSIHHBIX U AAUTENbHBLIX
Harpy3ok, a Takxe OT BCEX Harpy3oK paBHbl COOTBET-
ctBeHHO 120 n 170 KHM. ApmaTypHble CTEPXHN pa3fe-
neHbl Ha 2 rpynnbl. K rpynnamM 1 n 2 0OTHOCATCHA COOTBET-
CTBEHHO CTepXHW ¢ Homepamu 1, 3 n 2. 3gecb u panee
NPUHATO, YTO AMaMETPbl CTEPXHEN OQHOW rpynnbl oau-
HaKOBbI, ANaMETpPbl CTEPXHEWN pasHbIX rpynn B 06LLEM
crny4yae pasHble.

Pacuert 2. CeyeHune 2 n3armnb6aemoro sfemMeHTa ¢ Cum-
METPUYHBIM apMuUpoBaHMEM. ApMaTypHble CTEPXHU
pasgeneHsl Ha 2 rpynnel. K rpynnam 1 n 2 oTHocATCA
COOTBETCTBEHHO CTEpPXHW ¢ HoMepamu 1, 3, 4, 6 1 2, 5.
OcTanbHble yCnoBus Takne xe, Kak B pacyete 1.

Pacuetr 3. CedeHne 3 wun3rnbaemoro ofemeHTa.
M3rmnbatoume MOMEHTbI OT MOCTOSIHHBIX U ANUTENbHBLIX
Harpy3ok, a Takxe OT BCEX Harpy3oK paBHbl COOTBET-
cTBeHHOo 180 1 270 kKHm.

Pacuet 4. CeyeHne 4 Kocom3rmbaemoro sfieMeHTa.
Narnbatouime momeHTsl M, 1 My OENCTBYIOT B MIOCKO-
cTax cooTBeTcTBEHHO XOZ 1 YOZ. 3Ha4eHUs MOMEHTOB:
OT MOCTOSAHHbIX W ANUTENbHbIX HArpy30K M, = 80 KHm n
My = 100 kHwm; ot Bcex Harpy3sok M = 100 kHm wu
My = 190 kHM. ApmaTtypHble CTEpPXHW pasfeneHbl Ha
2 rpynnel. K rpynnam 1 1 2 OTHOCATCH COOTBETCTBEHHO
CTep>XHU ¢ Homepamn 1,2, 7,81 3, 4, 5, 6.

Pacuetr 5. CeyeHue 5 BHELEHTPEHHO CXaToro
anemeHTa. [NpoaonbHbIe CUMbl U N3rnbaroLLme MOMEHTbI:
OT MOCTOSIHHbIX W ANUTENbHbIX Harpy3ok 1100 kH,
270 kHwm; ot Bcex Harpy3ok 1500 kH, 380 kHm.

Pacuet 6. CeveHne 6 BHELEHTPEHHO CXaToro ane-
MeHTa. [pofosbHble CUMbl U N3rnbaroLme MOMEHTbI: OT
NOCTOSAHHBIX N ANUTENbHbIX Harpy3ok 400 kH, 100 kHwm;
OT Bcex Harpy3ok 600 kH, 140 kHm. Yucno ctepxHen Ha
OKPY>XHOCTW UX PacrnofioXXeHns pasHo 8.

Pacuyet 7. CeveHne 7 KOCO BHELEHTPEHHO CXaToro
anemeHTa. [NpoaonbHble CUbl U N3rnbaroLLme MOMEHTHI:
OT NOCTOSIHHbIX N ONuUTENbHbIX Harpy3ok N = 1150 kH,
M, = 110 xkHm, M = 250 kHwm; oT BCex Harpy3ok
N = 1500 kH, M = 140 kHwm, My = 320 kKHm.

BETOH N NENE3BBETON

Pacuet 8. CeyeHne 8 KOCO BHELIEHTPEHHO CXaToro
anemeHTa. [NpoaonbHbIe CUbI U N3rnbatoLLme MOMEHTbI:
OT NOCTOSIHHbIX W ONUTENbHBIX Harpy3ok N = 2000 kH,
M_ = 650 kHwm, My = 2000 kHMm; oT BCex Harpysok
N = 2500 kH, M_= 825 kHwm, My = 3700 KHm.

Pe3ynbTathl pac4eToB npeacTaBneHsl B Tabn. 1.

Kak BumgHO (nmocnepgHui cTtonbeu, Tab6n. 1), npwu
ucnonb3oBaHun apmatypsbl knacca A500CI1 (Ay500CTHT)
9KOHOMMS MeTasna, no cpaBHeHuto ¢ apmartypor A500,
coctaBngeT ot 17,4 pno 23,4 %.

MepekpbiTUe 3aaHnsA

B [4] paccMOTpeHO 3anpoeKTUPOBaHHOE M MOCTPOEH-
Hoe 12-3TaxHoe Xunoe 3aaHue. B xene3o6eTOHHbIX
KOHCTPYKUMSAX 30aHus ucnonb3oBaHa apmatypa A500
[3]. Onpenenenne ycunuii n pacHeT apMmMpoBaHUs Npo-
Boamnu no nporpamme JIMPA-CAIP 2022.

OueHKy 3h(heKTUBHOCTM MPOEKTHOrO0 apMMpPOBaHUS
nposoann cnegyoLmm o6pasom:

— Bce HeobxoguMble faHHble aBTOMaTUYecKn nepe-
nasanu un3 nporpammbl JIMPA-CAMP B nporpammy
«OM CHul1 XKenesobeTtoH». PacyeTHas cxema nokasa-
Ha Ha puc. 2.

Puc. 2. PacyeTHasi cxema 3paHusi B nporpamme «OM CHulll
XKeneszobeToH»
Fig. 2. The design scheme of the building in the “OM SNiP

Reinforced Concrete” program
9 Ta6bnuua 1

Table 1

PesynbTaTtbl pacyeToB
Calculation results

" APMUPOBaHMWE NPy apMaType Knacca e

e A500 [3] A500CTI1 (Ay500CT) [2] npv apmartype
pacyeTa py apmaryp
[JnameTpbl, MM MnoLwanb ceHeHus:, cm? [nameTpbl, MM Mnowaas cedenus, cm? | AS00CTT (Ay500CTT)

1 2020+10@22 10,1 2018+1@20 8,2 18,9

2 4022+2014 18,3 40320+2@12 14,8 19,1

3 4025 19,6 4 @22 15,2 22,4

4 8018 20,4 42318 +4 D 14 16,3 20,1

5 4 Q28 24,6 4025 19,6 20,3

6 8@ 22 30,4 8020 25,1 17,4

7 8018 20,4 80 16 16,1 21,1

8 14 @ 32 112,6 14 @ 28 86,2 23,4
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— B nporpamme «OM CHul XKenesobeToH» onpefe-
nanu Hanbonee HeBbIFOAHbIE COYEeTaHUs YCUnuii u onpe-
Jensnu apMmupoBaHue npu apmatype knacca A500CT]
(Ay500CTI1) ¢ y4eTom nonoxeHuu [2].

— CpaBHuBanu pacxofpl CTanu B peLleHnsx no npo-
rpammam JIMPA-CATP n «OM CHul XXene3o6eToH».

PaccuutbiBanu nepekpbiTue Ha OTMeTke +7,20 —
Xenes3obeToHHYo NNuTy TonwmHon 180 MM 13 6eToHa
knacca B22.5. Llar ctepxHen — BEPXHUX, HWXHUX, B
Hanpa.feHUsAX X N y — NPUHAT pasHbiM 200 1 250 MM ana
apmaTtypbl cootBeTcTBeHHO A500 m AS500CI. Pewa-
IOWUMKU YCNOBUSAMU NpU Nogbéope apMmnpoBaHus 6binu
TpeboBaHWa TPELLUMHOCTOMKOCTY [2, 3].

DOHOBOE apMUpPOBaHMe BO BCEX Cy4vasx NPUHATO U3
cTepxHen anameTpom 10 MM COOTBETCTBYHOLLErO Knac-
ca. Ha puc. 3 gns npumepa nokasaHa mMo3avka apMmpo-
BaHWs BEPXHE apMaTypon B HaNpaBneHUsX X 1 y.

PaccmoTpyM Mo3aunky B HanpaefeHnr x. Ha nepebin
B3rnag, apmupoBaHue onsa knaccos A500 m A500CT]
ognHakoBo. OfHako HYXHO 06paTuTb BHMMAaHWE Ha
LLKanbl apMUPOBaHUs, B KOTOPbIX KaXA0My LIBETY COOT-
BETCTBYET MnJoWadb CeYeHus apmartypbl Ha 1 n. M.
Hanpumep, Ha mo3anke A500 ons apmaTtypbl B Hanpas-
NEeHMM X XenToMy LiBETY COOTBETCTBYET AmManasoH Mio-
wapen 3,82-5,08 cm?. lMNpu ware 200 mm 370 5 cTepXx-
Hel gnameTtpom 10 mm. Ha mosauke A500CTIT (Ay500CIT)
XENToMy LIBETY COOTBETCTBYET [Avanal3oH nioLwianen
3,05-4,06 cm?. [Mpu ware 250 MM 3TO 4 CTepXHs ama-
MeTpoM 10 MM. DKOHOMUSA, NO cpaBHeHuo ¢ A500,
coctaBngeT 25 %.

O6Lwmin pacxod cTanu Ha NepekpbITUE Npy apMaType
A500 n A500CTI1 (Ay500CI1) cocTtaBnseT COOTBETCTBEH-
HO 5,7 1 4,6 T. DKOHOMMS NPU UCMOSIb30BAHUKN apMaTypbl
A500CI1 (AB500I1) paBHa 24 %.

JononHutensHoe apMupoBaHue. Knacc apmatypsl

A500 [3]

A500CTT (Ay500CT) [2]

157:313
314:470
4n:627
5.28:785
786:942
14310
11.00:12%
1257:1413

ApmaTypa B HanpaBieHUn x

102:203
204:304
305:408
407:508
509:610
611:712
713:813
814:915

1 | |

126:250
251.376
37750
503:627
528753
754:879
880:1005
10.06:11.30

Puc. 3. Mo3savika [OrnonmHUTENIbHOrO apMUpoBaHUsi BEpPXHeEN apMartypon

Fig. 3. Mosaic of additional reinforcement with upper reinforcement
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BbiBOAbI

1. TlpuMeHeHne B XXene306eTOHHbIX KOHCTPYKLMSX
apmarypbl C HOBbIM MHOTOPSiAHbIM NPOMUNEM KIacCoB
A500CTI1, Ay500CTI1, A600CIT no3BonsieT CHU3UTbL pac-
Xoq4 ctann Ao 25 % npw BbINOSIHEHMM BCEX TPEOOBAHWUN
OEeNCTBYIOLNX HOPMATUBHbIX JOKYMEHTOB [2, 3].

2. Apwmartypa knaccos A500CI1, Ay500CTI1, A600CT1
pekoMeHayeTca A WMPOKOro BHeapeHus. Ee adhdek-
TMBHOE MCMOMb30BaHUE MpPW MPOEKTUPOBAHUN Mpeayc-
MOTpeHo nporpammont «OM CHull XKene3o6eToH».
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