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BusiBjieHHs 0c00JiMBOCTEH 1e(pOPMOBAHOIO CTAHY 32J1i300eTOHHHUX 0aJI10K
aBTOAOPOKHIX MOCTIB NMPH MiICHJIEHHI NIPOrOHOBHUX OYA0B

C. B. Kiounuk, /I. C. CuiBak, 1. ®@. I'opromkin

Texnonozisa 6UKOHAHHS PEMOHMY 3ANI300eMOHHUX MOCMIS, 3a36udati, nepeoda-
yae 3aKpumms pyxy Ha OOHIU NOJOBUHI CNOPYOU Ma 8UKOHAHHS poOIm Ha Hili, npu
MOIACTUBOCHIT NOOANBULO2O PYX) ABMOMODIILHO20 HABAHMANCEHHS HA OPY2ill YACMUHI
cnopyou. OcHosHULI npoyec, Wo YiKasums NPAKMUKi6 8 Niaui meepoinHs OemoHy,
AKU 8i00Y8aEmMbCsl 8 OANKAX NPO2OHOBOI OY008U NPU NPOXOONHCEHHI MUMUACOBO20
PYXOMO20 HABAHMANCEHHS, — ye depopmayii. /[o Momenmy 3aKiHUeHHs CXONII0BAHHS
YemeHmy C8INCOYKIa0eH020 OemoHy HAKIAOHOI NAUmu niOCUlIeHHsE NOMPIOHO CMBO-
pumu HeoOXiOHI yMOBU OJisl Yb02o (memnepamypa, 80J02iCMb, HEePYXOMICMb 8 4daci
ma inuwe). Konu 6emon we ne mae Miynocmi, nepemiujenus, wo UHUKAIOMb 8 NPo-
20HO8Il 6Y008I, CNPULUHAIOMb PYUHYEAHHA YEMEHMHO20 KaMeHto Ha cmaodii hopmy-
sanus. Heobxiono oocnioumu HaseHicms Oegopmayii, ma ix 6nIU8 HA HEMONCIU-
gicmb YMEOpeHHs YINICHOI cmpyKmypu 6emoHy I 3YenyieHHs 1020 3 apMamypHumMu
elemMeHmamu, wjo 06’ €OHyIomy ICHYI0UY NAUMY 3 HOBOIO.

Jocriooicennsam ecmanosieni oepopmayii 8i0 mumuaco8020 HaABAHMANCEHHS 810
1,61 0o 5,83 mm, wo maome HecamMu8HULl 6NIUE HA NPOYeC 3ACMUSAHHA OEmOHY
NAUMU NIOCUTIEHHS Ol NPO2OHOB80I OY008U NIO 4ac PeMOHM) ABMOO0PONHCHLO20 MO-
cmy. Buxonyemucs npospamme ob6uucieHHs 00 €EMHUX Mooeel Ha NPpUKIadi Mocma
asmomooinbroi oopoeu M-04. I3 naouno ompumanux pesyibmamis Gopmyaromscs
BUCHOBKU, WO MEXHON02is GUKOHAHHS PEMOHMHUX poOIm He 8paxo8ye HeoOXiOHUX
VMO8 0J1 AKICHO20 HAOOPY MIYHOCMI 6emoHy 000amKo80i nAumu.

B pe3ynomami docnidsxcenv ecmanosieno, wo pooomu 3 6emoHy8anHs 000am-
K0B0I HAKNAOHOI naumu NiOCUIeHHsA NPU HAA8HOCMI 8IOPAYIUHUX 6NIUBIE 810 MUMYA-
C08020 HABAHMAIICEHHA HA NPO2OHO8Y OV008Y, uepe3 pYUuHy8aHHs Oemony Ha cmaoii
MeepOiHHs, BUKOHYBAMU HE MOJNCHA.

Ha niocmasi eunuxnenns euweonucanoi npoodnemu cghopmosano i npoaHanizo-
BAHO OEKIbKA WAAXIB il 8UPTUIEHHS Ma 3aNPONOHOBAHO HAUKPAWULL I3 HUX.

Kntouoei cnosa: pemonm mocmis, bemonui agmooopodicHi OANKU, NAUMA NIOCU-
JIeHHs1, Oehopmayii, cmpykmypa 6emouy.

1. Beryn

CydacHe aBTOMOOIJIbHE HABAaHTAXEHHS 3 4YacOM 30UIbIIYETHCS & MOCTH s
IIPOITYCKY IIOTO HABAHTAXKCHHS, IO 3alPOEKTOBAHI MO MOMEPEIHIM HOpMaM — CTa-
piIOTh, OTPUMYIOTh Je()EKTH Ta HE BIJNOBIIAIOTh IO BAHTAXKOIMIIHOMHOCTI Cy4aCHUM
aBTOMOO1TLHUM HaBaHTaXEHHSM. MOCTIB, Bik sikux Ouibiie 80 pokis, 61u3bko 12 %,
pecypc KOHCTPYKIIN UX CIOPYA OMU3bKUN 0 BUYEpHaHHsA. 3HaYHA KUIBKICTh MOC-
TIB Ha aBTOMOOUIBHUX JOpOrax 3arajJbHOr0 KOPUCTYBaHHs 30y0BaHo 10 1989 poky,
100TO 30 POKIB TOMY 1 Yy MpoIleci eKCcIuryartalii BOHU 3a3HatoTh AedekTiB. OTxe 3Ha-



9YHa YyacTHHa 3 HUX, 63,5 %, He BiAnoBiae BUMoraM YuHHUX HOpM [1]. Tox BUHHKaAE
HEOOX1JHICTh PEMOHTY Y PEKOHCTPYKILIII MOCTIB 3 OJJHOYACHUM iX 30UIbILIECHHSM Ba-
HTaxomiioMHocTi. [1i1 yac BUKOHaHHS IMX pOOIT MOKYTh OYTH HEBpaXOBaH1 BaXKJIMBI
(dakTopH Uil SIKICHOTO OCATHEHHS MOCTaBJI€HOI MeTU. TOMy aHaji3 Ipolecy METOJIB
MOKpAIICHHS BJACTUBOCTEN KOHCTPYKILIINA € HEOOXIAHUM 1 3aBXKAU aKTyaJIbHUM, OCOOJIHU-
BO Y JIaHIi 00J1aCT1 BUCOKOT'O KJIaCcy BIJIIOBIIAILHOCTI — MOCTOOY TIBHUIITBI.

2. AHaJi3 JiTepaTypHUX JaHUX TA IOCTAHOBKA NPO0JIeMH

B po6ori [2] HaBeaeHO, 10 PEMOHT Ta BiIHOBJICHHS OCTOHHOI'O IMOKPUTTS MAa€
3HAYHI MaTepiaJibHi BUTPATH Ta B JOJIATOK 3HMKEHHS MPOMYCKHOI CIIPOMOKHOCTI 1
3aropu. Ha cydacHoMy erarti, AJis BITHOBJICHHS OCTOHHUX KOHCTPYKIIiH, 3alpOTIOHO-
BaHI HOBITHI METOJY NPHU PEKOHCTPYKIIii Ta peMOHTI MOCTiB [3], m0 3a0e3meuyoTh
JOBTOBIUHICTh CIIOPYJ Ta 30LIbIICHHS BaHTAXOMIAMOMHOCTI OaJIOK IIPOrOHOBUX Oy-
10B [4]. YacTime BChOro npu peKOHCTPYKIIi aBTOAOPOKHIX MOCTIB ISl 301IbILIEHHS
BAHTAXKOIMIAMOMHOCTI MOCTa NepeAdavaroTh BIAIITYBAaHHS HAKJIAJHOI TUTUTH MiACHU-
JICHHS TIPOi3HOT YaCTHHH. AJIe 3aIUIIMINCS HEBUPIIICHUMY TUTaHHS, TTOB'I3aH1 3 BU-
HUKHEHHSIM JeQopMalliid, 1[0 He BPaXOBYIOThCS AJIA AKICHOTO HAOOpYy MILIHOCTI CBi-
o1 0eToHHOT cyMmiti [5] mijg yac BUKOHAHHS O€TOHYBAaHHS IUIUTH ITiCHICHHS.

TepMmiH TPUAATHOCTI Ta HATIHHOCTI MOHOJIITHUX 3aJ11300€TOHHUX KOHCTPYKIIIM
3ajeKaTh IMEPeBaKHO BiJa BIUIMBY TexHojorii [2]. IlepeBakHo sKicTh OETOHY
OB’ s13aHa 31 CKJIaJIOM MaTepialiiB, X SKICTIO Ta 3 YpaXyBaHHIM KPHUTEPIIO CYMICHOCTI
KoMnoHeHTIB [6]. Takox HamiiiHa CTPYKTypa OCTOHY 3aJICKUTh BiJl MPOIICCIB i Yac
OCTOHYBaHHS Ta YMOB IIEPBUHHOTO TBEPAiHHA [7]. YV poborti [8] moka3zano HeoOXimHI
YMOBH JIJIsl YTBOPEHHS SIKICHOTO O€TOHY Ta MPOaHATI30BaHO 3B'S30K OCHOBHUX Iapa-
MeTpiB TexHouorii OeToHyBaHHs. [IpoTe, pyxomMe HaBaHTaXKEHHS HAa MOCTY IIiJl Yac
BUKOHAHHS OETOHHHMX POOIT CHpus€ BUHUKHEHHIO AepopMalliii Ta BIUIMBAIOTH Ha
CTPYKTYpPY HE3aTBEPJJIOTO OCTaTOYHO OeToHy. Ilpu BUKOHaHHI pOOIT MO BIAIITY-
BaHHIO JIOJJaTKOBOI HAKJIAIHOI IUIMTH TocuieHHS [3] Ha MOWHO YKIIAJICHHWH OCTOH
BIUTMBAIOTh HEJOMYCTUMI B MPOIIEC] TBEPAIHHS OCTOHY NepeMmilieHHs. Y pa3l BUKO-
HaHHS POOIT 6€3 MOBHOrO 3HATTS PyXy TPAHCHOPTY 3 MPOTOHOBOI OyA0BH Oyjae Bij-
OyBaTHCs PYWHYBaHHS CTPYKTYPH CBIKOYKIIQJCHOTO OCTOHY Ta MOPYIICHHS aaresii
CBDXKOTO OETOHY 3 apMaTypor0 Ta CTapOr0 KOHCTPYKIIEI TUIMTH MPOTOHOBOI Oy10BU
[8]. PoOoTH 3 OeTOHYBaHHS 101aTKOBOT HAKJIAJHOI IUTUTH ITiICUJICHHS IIPU HAsIBHOCTI
BiOpaIliiHUX BIUIMBIB B1JI THMYAaCOBOTO HaBAaHTAXXEHHS HA MIPOTOHOBY OYJIOBY uepes
pyliHyBaHHSI OETOHY Ha CTajii TBEpiHHSI BUKOHYBATH HE MOXHA. T0oOTO MpU BUKO-
HaHHI WX OyiBEIBHUX POOIT MAOTh MiCIIe HEAOMYCTUMI TEXHOJIOT14HI MOPYIICHHS,
SIKI HETAaTUBHO BIUIMBAIOTH HA CTaH HOBOT'O OETOHY Ta BCHOTO MiJCHJICHHS MPOTOHO-
BUX OynoB [5] i ms mpo0JiieMa He TOCTaTHBO JociikeHa. Bee 1ie 103Boisie cTBEp-
JOKYBATH, 10 JOIIJIBHUM € TPOBEJCHHS JOCIIPKCHHS] BUHUKHEHHS Jeopmarlii, ix
BEJIMYMHM Ta BIUIMBY Ha MPOLEC TBEPJAIHHS Ta HAOOpY MIITHOCTI OETOHY J0JaTKOBOI
mwuTy miacwieHHs. HeoOXiaHICTh 1IbOTO 3yMOBJIEHA HAarajlbHOK MOTPEOOr0 30111b-
IIEHHS peCypcy Ta BaHTAXOMIAMOMHOCTI aBTOJOPOXKHIX MOCTIB, III0 €KCIUTYaTyIOThCSA
Ha nuaxax. [lepcrnekTuBHICTh TaKUX JAOCTIIKEHb, BUXO/ISYH 13 HEBUPIIICHUX MMUTAHb
py aHati31 Npo0OJieM, TOJAraE y TOMY, IO METOJI MiJICUIICHHS, SKUH PO3IIISIIa€ThCA
y JaHii poOOoTi, € HAWIOIIIBHIIINM, €(PEKTHBHUM Ta PO3IOBCIOKEHHUM.



3. MeTa Ta 3aga4i J0CTiKeHHA

MeToro HOoCTiIKEHb € BUSBICHHS AeQOopMarliil Ta miITBEpIKEHHS BIUTUBY TUM-
9acOBOTO HaBaHTAKEHHS HA TIOPYIIEHHS TEXHOJIOTIYHOTO MPOIIECy TBEPAIHHSA OCTOHY
IUTATH T1ICUJICHHS 32 JOIIOMOTOI0 MPOTPAMHOTO OOYHCIICHHS PO3PaXyHKOBHUX MOJIe-
nent. Ile macTe MOXIJIMBICTH JOBECTH, IO 30UIBIIEHHS BaHTAXKOIMIAMOMHOCTI MPOTO-
HOBUX OYy/IOB 3a JOTIOMOT'OI0 HAKJIaJIHO1 MJIUTU HE Ja€ HEOOX1AHOTO e(eKTy, U0 po-
OUTH BIAIIOBIIHI JOCIIKEHHS JOLIJILHUMU.

Jlns nocsirHeHHsT MeTH OyJIu TTOCTaBJIeH1 HACTYIIHI 3aj1ayi:

— BU3HAUUTU BEJIMYMHY TUMYACOBOTO HABAHTAXXEHHS HA YAaCTHUHI MOCTY JI€ BHU-
KOHYIOThCS Oy iBEJbHI pOOOTH;

— 3MOJIEJIIOBATH MIPOTOHOBY OYJIOBY IO TUIIOBOMY MPOEKTY, 10 YACTIIIE BCHOTO
3aCTOCOBYBAJIOCh Ha aBTOJOPOTax Ta BU3HAUMTH Jedopmarllii B mepepisi 10AaTKOBOI
IUTHTH Ta TIPOaHATi3yBaTH BIUIUB BUSBICHUX JehOpMaIliii Ha pyHHYBaHHS CTPYKTYpPH
CBIKOYKJIQJICHOTO OETOHY Ta MOPYLIEHHS aaresii CBLKOro OETOHY 3 apMaryporo Ta
CTapOr0 KOHCTPYKULIEIO IUTUTU TPOTOHOBOI Oy 10BH;

— 3pOOUTH aHaI3 MOXKIIMBUX UIAX1B BUPIIICHHS II€T IPOOJIEMU Ta X TOPIBHSIHHSI.

4. Marepiajin Ta MeTOAH XOCJII2KEHHHA

VY OeToHHIN CcyMmimIl Miclig 3aJIMBKM TOYMHAKOTH BiOyBatuca (i3UKO-XIMIYHI
MPOLIECH 10 TIEPETBOPEHHIO HOT0 B MIIIHY OCHOBY /Jisi OyAiBebHOI KOHCTpyKIii. [1o-
Ka3HUK MIITHOCTI 116 OCHOBHA XapaKTEPHUCTUKA OCTOHY K KOHCTPYKIIIHHOTO MaTepia-
ay. OgHEM 3 HOTO BJIACTUBOCTEW € HAOIp MIMHOCTI O0eToHYy 3 yacoM. TuTbKHU micis
MIOBHOTO 3aTBEPAIHHS MOXKHA 3pOOWUTH OIIHKY SIKOCTI. SIK TiIbKM BOoAa 1 IEMEHT
BCTYMAaIOTh Y B3a€MOJII0, PO3YMH TMOCTYMOBO BTpAauda€e CBOIO PYXJIMBICTH 1 3MIHIOE
BiacTUBOCTI. DOpPMyBaHHSI HOBOi CTPYKTYpU BiOYBAa€TbCA MPOTATOM IEBHOTO Hacy.
BuspiBanHs O€TOHHOrO KaMEHIO IMependavyae MPOXOMKEHHS PO3UYMHOM JIBOX CTaJii:
I10YaTKOBOI — CXOILIIOBAHHS, 1 3aBEpIIAILHOT — 3aTBEp/iHHA. IX MPOXOMKEHHS 1a€ MO-
YJIMBICTH OTPUMATH BJIACTUBOCTI MIIIHOCTI BIJIMOBI/IHI OETOHY MEBHOTO KJIacy 1 MapKH.

Cranis cxormmoBanHs. [ yac TpaHcnopTyBaHHS 70 Miclisi OETOHYBaHHS B aB-
TOOETOHO3MIIITYBayl CyMIII 3JIMIIAETHCS PYXOMOIO 3aBISKHU MOCTIHHOMY MepeMily-
BaHHIO 1 TUKCOTPOIHUM ii BIACTUBOCTSM. [IpUNTMHEHHSI MEXaHIYHOTO BIUIMBY Ha Oe-
TOHHUI PO3YMH MICIs 3AIMBKU 301JIBIITY€E HOTO B'SI3KICTh, 1 BIH TOYWHAE CXOILTIOBATH-
cs. Bcei BusiBneni aedextu mpu (popmMyBaHHI TUIMTA TMOTPIOHO YCYyBaTH HA MOYATKY
nepIoi crajii BU3piBaHHS OETOHHOTO KaMEHIO, BOHA MMOYMHAETHCS BiJIpasy Miclis 3a-
JIMBKH 1 TPUBA€E HEJOBTO.

TpuBamicTh 4acy CXOTUTFOBAHHS 3aJICKHUTh BiJl TEMIIEPATypH TOBITPS HABKOJIH-
mHbor0 cepenoBumia. [locriina Temmneparypa +20 °C BBaKaeTbCsl 171€aTHHOI0 yMO-
BOIO JIJIs MEPIOT CTajii 3aCTUTaHHS PO3UMHY, 110 JI03BOJISIE HOMY CXOMHUTHCA 3a 3 TO-
nuHu. [Ipu 3MiHI 11€1 YMOBH TPUBAJICTh CXOIUTIOBAHHS MOXE BapilOBaTHUCSA B CTOPO-
Hy 3MeHIIeHHs1 a0o0 30uibeHHs. HaligoBie s ctaais TpUBae NpU TEMIEPATypPHHUX
3HAYCHHSX HABKOJIMITHBOTO MOBITPs Oyin3bkux 1o 0 rpamycis [9].

VYkiaganus 0€TOHY MOBMHHO 31ACHIOBATUCS 3 JOTPUMAHHSAM Oaratbox yMOB.
OnHa 3 yMOB CTOCYEThCSI OOMEXKEHHsI 100 4Yacy YKJIaJaHHs OeTOHY. 3aKiHYEHHS
yKJIaJJaHHsI OETOHHOT CyMIIlll B KOHCTPYKIIIFO Ma€ BiIOYTUCS HE Mi3HIIIE TEPMIHY T10-
yaTKy cxorurtoBaHHs 1iemMeHTy. [logatok cxorumoBanss (I1C) 3amexuTs Bin Mapku



LEMEHTY, HOro akKTUBHOCTI, HasgsBHOCTI a00 BIJCYTHOCTI J00aBOK — IPUCKOPIOBaYiB
(iuribGiTopiB) TBepHiHHS, TeMIepaTypH Ta iHmuX ¢akropi. [IC € XapaKTeprUCTUKOIO
MapKu IEMEHTY, 1 CTAHOBUTD 3a3BHYaid Bij 3 10 6 ro/IuH.

[lepBuHHa rimparailis IIeMEHTy 3aiimae npomixkok dacy Bija [IC o kiHug cxomn-
moBanHs (KC) 1 nporikae npotsarom 6+12 rogun. Y 1ieit yac Bi10yBarOThCS MPOLIECU
YTBOPEHHS [IEMEHTHOT'O KaMEHIO, aJIre3isl IEMEHTHOT'0 KaMEHIO JI0 KPYIHOIO Ta Jipi-
OHoro 3amnoBHIOBauiB 1 apmarypu [5]. IIpoTsirom 1p0oro mepiofy 4dacy OETOH Ile He
Ma€e MIITHOCTI Ha OJHOBICHHM CTHUCK, 3CYB 1 Ha po3TsarHeHHs [6]. Y momenT I1C Oeron
SIBJIT€ COOOI0 CYCIIEH31I0 3 IIEMEHTHOI'O MOJIOKa (TicTa) Ta IHEPTHUX HAIIOBHIOBAYiB.
Y momenT KC 6eToH MOKHA MOPIBHATHU 3 CYIIIAHUMU IPYHTAMH 3 BUCOKUM BMICTOM
mebenro. [lo momenty KC GeToH HaOupae JesKy MIIHICTh Ha 3CYB, ika 00yMOBIIIO-
ETHCS «JTUTIKICTIO» IIEMEHTHOTO TiCTa 1 MOXKe OyTH MOPIBHAHHA 3 XapaKTEPUCTUKOIO
«3YEIUICHHs» cymimaHux rpyHriB. I'padik Habopy MiHOCTI 0€TOHY MOYKHAa YMOBHO
300pa3uTy, K MOKa3aHo Ha pucC. 1.

I'PA®IK HABOPY MIIITHOCTI BETOHY
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Puc. 1. I'padik Habopy MilHOCTI OETOHY

PiBHsiHHS, K€ onucye rpadik TBEpAIHHS OETOHY, MOXKHA 3alMcaTH B HACTYITHO-
MY BUTJISIIIL:

M =31,3In(T)- 2,38, (1)

ne M — mitHicTh y %;

T —yac y nob6ax.

[Tpu BramTyBaHHI HAKIAJHOI TUIMTH MPOi3HOI YACTMHU MOCTOBHUX CHOPYH IO-
BUHEH 3acTocoByBatucs 0etoH kiacy B35. IIpoexkTHa MIIIHICTh AaHOTO Kjacy OeTOHY
y Bini 28 1i6 Mae rapaHTOBaHO CTaHOBHTH He MeHIe 45 MITa (460 kr/cm?).



Crix 3a3HauMTH, 10 BJIAINTYBaHHS HAKJIAIHOI TUIMTH AJS MiJACUJICHHS MPOiXK-
JKOT YaCTUHU TPU PEKOHCTPYKIIi Ta PEMOHTI MOCTIB mepeadavdaeTbes AJil PEMOHTY
MOCTIB, MPOrOHOBI Oy/OBU SIKMX BHKOHaH1 31 30IpHUX TaBpPOBHUX ab0O JABOTaBPOBHX
3anmi3o0eToHHUX Oanok. IIpu npomy Oanku MOXyThb OyTH 00'enHaHI 400 MOHOJITHU-
MU YaCTUHAMU ITUTH TPOi3ay, a00 3BapHUMU IIBAMU IO 3aKJIATHUM AETaJSIM TUTHTH
Ta aiadparm.

[nest mpu peMOHTI Ta peKOHCTPYKIIi MOCTOBUX CIIOPY/] BJIAIITOBYBATH JT0OJaTKO-
BY HaKJaJHY IUTMTY HEMOraHa, mpote cripHa. J[o Mo3uTUBHUX MOMEHTIB CJIiJT BIIHEC-
TH 30UIBIICHHS CTHCHYTOI 30HM Iepepidy 0ajok mporoHoBoi OyaoBU. SIK HACHIIOK —
30UTBIIICHHST BAHTAXKOIIJHOMHOCTI CIIOPY/IU. 32 paXyHOK 301IbIIICHHS BUCOTH TIepepi-
3y MPOTOHY 30UIBIIYETHCS WOT0 BAaHTaXKOIITHOMHICTh Ta JKOPCTKICTh, OTXKE, 3MEH-
IIYIOTHCS TPOTHHM, ITiIBUIITYETHCS KOMPOPTHICTH pyXy [4].

HeratuBauM sIBNsi€THCS TOAATKOBE MOCTIHE HABaHTAXXCHHS HA MPOTOHOBY OYy-
noBy (+350 Kr/M° npu TOBIIMHI TUIATH 14 cM). Takox mpwu 301IBIICHHI )KOPCTKOCTI
MIPOTOHOBOI OyJ0BU 3MIHIOETHCSI YaCTOTA i1 BJIACHUX KOJWBaHb. 3a3BUYAM, IS 3alli-
300€TOHHUX OaJIKOBUX MPOTOHOBHX OYyJIOB YacTOTa BIACHHUX KOJHBaHb CTAHOBHTH
5+12 'y anig mepioi GopMu KoJiuBaHb, 1 18+25 'y — niis 1pyroi.

TexHos0T1s BUKOHAHHS PEMOHTY 3ajli300€TOHHMX MOCTIB, 3a3BHYaii, nependa-
Yae 3aKPUTTS PyXy Ha OJHIH IOJOBHMHI CIIOPY/IU Ta BUKOHAHHI poOiT Ha Hii (puc. 2),
IPU MOXJIMBOCTI MOJANBIIOTO PYXy aBTOMOOUIBHOIO HaBaHTAKEHHS HA JPYTid Yac-
TUHI ciopyau [3].

Puc. 2. PemoHT MocTy Ha aBTo/10p031 M-04, 233 kM

Cknana poOiT 3a3BUYail OJTHAKOBUA:
1. Bupanenns acanbty.
2. 3HATTS 3aXMCHOTO Ta BUPIBHIOIOUOTO MIAPY 3 T1IPOI30JIAIIEI0 A0 TUTUTH OAJIOK.



3. Bcranosnenns psaiB ankepiB 3 kpokom 1,0+1,5m (ankepu @10+12 mm, mio
3a0ypytoTh Ha 100 MMm).

3auuIleHHs MOBEPXHI IUTUTH.

4. HaneceHHs Ha BCIO MMOBEPXHIO IUIMTH MartepianiB Tumy Sika ms 3a0e3mneueH-
HS TTOJJTBIIOTO 3YETUICHHS HOBOTO O€TOHY 3 TUIUTOIO.

5. BcraHoBneHHs apMaTypHUX CITOK Ha BCIO IUJIONLy B OJMH Iap (apMarypa
010, kpok 150x150 mm).

6. beroHyBaHHS TUIMTH 3 ypaxXyBaHHSM HOBHUX BUMOT IO MONEPEYHUM YXH-
nam (2,5 %).

3 orusy Ha Te, 1110 BC1 HOBI IIapu CyMapHO MOBUHHI BUNTH Ha KOJIHIIIHI BIMIT-
KH, 1 T€, [0 HOBa TOBIIMHA acanbTy mopiBHIOE 110 MM, B 3aleKHOCTI BiJ ITUPUHA
MOCTY, OTpUMY€MO TOBIIUHY TuiTH Big 80 10 110 mm.

JItst mOCIiIKEHHST BUKOPUCTOBYETHCSI TPOTPAMHUN METOJT PO3PaXyHKY — METO/T
CKIHYCHHMX €JICMCHTIB. BHKOHYEThCSI 00’ €eMHEe MojieroBaHHsA y mporpami Autodesk
AutoCAD (CHIA) (puc. 3) ta obOuuciienHss rotoBoi moxaeni y mporpami ANSYS
(CHIA). Ons crporieHHsT po3paxyHKy pobouy apmarypy Oyiao o0’€qHaHO B OJIUH
00’€MHMI CTPYXKEHB Ta PO3MIIIEHO B LIEHTP Baru nepepizy apMaTypH.

Puc. 3. ITiaxroroBnena 3D-monens y nporpami Autodesk AutoCAD (CILIA)

[lepen o6uncnenusm moneni y mporpami ANSYS (CIIA), ii 6ymo po3outo Ha
261665 rekcaenpadbHUX CKiHUEHUX eleMeHTiB (puc. 4), mo 3abe3rneuye JOCTaTHIO
TOYHICTh PO3PaXyHKIB.

JloBxxuHa Mojeli Oajnku JOpiBHIOE po3paxyHkoBid 24,0 M. 3akpinjeHHsT MO-
JieTi BUKOHAHE 3a CXeMOI0 OalIku Ha JIBOX omopax. 3a/laHi XapaKTepUCTUKHA MaTe-
pianiB BiAgnoBimaroTh OetoHy kiacy B35 (C28/35) Ta nanpyxyBaHiii apmatypi
kiacy B-11 (B1400).
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Puc. 4. CxiHueHO-eJIeMEeHTHA PO3paxyHKOBa MOICINb OaJIKy y Mporpami
ANSYS (CILA)

5. Pe3yabTaTu A0CTiIKeHHS 1e()OPMOBAHOTO CTAHY NIPOrOHOBUX OYy/J10B aB-
TOJOPOKHIX MOCTIB

5. 1. BuzHayeHHs BeJIMYMHH TUMYACOBOTO HABAHTAKEHHSI HA YaCTUHI MOC-
Ty e BUKOHYIOTBHCH OyAiBe/ibHi podoTn

OcHoOBHUH TIpolIeC, SKUM LIKaBUTh NMPAKTUKIB MPU TBEPIHHI O€TOHY,— 1Ie Aedo-
pMarlli, siki BiIOyBalOTbCs B OajikaX TPOrOHOBOI OYJIOBU MiJl 4aC MPOXOKEHHS TUM-
9acOBOTO PYXOMOTO HaBaHTKEHHS. Y JaHOMY BHUMAJKYy BHYTPIIIHI 3yCHIUIIS B eJie-
MEHTaXx Iepepisy s HaC BTOPUHHI.

Jlns mpoBeneHHsT HEOOXITHUX PO3PaXyHKIB OyB y3STHH 3a MPUKIAJ 1ICHYHOUHI
MicT Ha aBTOA0p0o3i M-04 (puc. 2) Ta Moneiar 1 aBTOMOOIIBHOIO 3aBaHTAXCHHS 3a
cxemoro AK [10]. Ha #ioro ocHOBi OyJi0 3alpOEKTOBAHO AHAJIOTIYHUN MOMEPEUHHIMA
nepepi3 MporoHoBoi OYI0BH 13 BUKOPUCTAHHSAM Oasiku JOBXKUHOIO 24,0 M 3a TUITOBHM
npoektoM cepii 3.503.1-81 «Coroznopnpoekty», a came b2400.174.120-TB-5H
(puc. 5) [11]. Takox, AJiT BU3HAYCHHS BEJIMYWHU CHJIM BILTUBY BiJl TAMYacOBOTO Ha-
BaHTa)XCHHS, 1110 JIi€ HA MPOTOHOBY OyJ0BY, OyB MPOBEIECHUIN PO3PAXYHOK Koedilie-
HTY TOINEPEYHOTO BILIHBY.

Cxema nepepi3y IpOroHOBOi OyJJOBU CKJIaJA€ThC 13 JIEB ATH OAJIOK PO3CTaBIIe-
HUX 3 KpokoM 2,1 M. Ilpu npoxoKeHH1 TBOX CMYT PyXy Ha MNPOTHJIEKHIM YaCTHUHI
MOCTY HAWHEBUTIJHIIIE PO3TAllyBaHHS 3aBAaHTAXKEHHS € WOTO MakcUMajbHe HaOu-
KCHHS JI0 NIISTHKY OetoHyBaHHS (puc. 6). HaitOibin 3aBaHTaKEeHO0 0AIKOI0 Ha JTiIs-
HIIl OETOHYBaHHS TUIMTH MACWIECHHS y [IbOMY BUTIAAKY € Oanka b5. /[ manoi 6amku ta
HABEJICHOI CXEMH 3aBaHTA)XCHHSI MPOTOHOBOI OYJI0BH OyJi0 TOOYI0BAHO JIIHIIO BIUIUBY
koeirientiB nonepednoi ycranosu (KITY) Bun sikoi 300paxeHo Ha puc. 6 [12].

daxTtryni 3Hauenus KITY mix KoXKHHM KoJjiecoM HaBeneHl B Ta0. 1.



Posmipu - .
Burparu matepiainis Ha BUpiO
GayIKu, MM
. Krac Maca,
Scids Mapxa Gai 6erona | Beron, | BN iz | At A | Ao, |1 Kr
e | b 5 [ (B1400), | | AT i
M KM | Kr | kr KT KT
KT
52400.174.120-TB.AIII-1H 13,92 | 8388 - |4738| - |1258/4| 726 | 348
b 52400.174.120-TB.AIII-2H 13,92 | 8388 - |4738| - [1276,3| 3106 | 348
1040 , e 280 52400.174.120-TB.AIII-3H | 700 | 2020 13,92 | 838,8 - |4738| - [1272,6]| 2626 | 34,8
} 52400.174.120-TB.AIII-4H 13,92 | 8388 - |4938| - |13853| 1482 | 348
= . 52400.174.120-TB.AIII-5H B35 13,92 | 8388 - [4938| - |1381,6| 1002 | 348
‘ 85 52400.194.120-TB.AIII-1H (C28/35)| 14,64 | 8388 - |4881| - |1330,7| 726 | 366
‘ ‘_\" 52400.194.120-TB.AIII-2H 14,64 | 8388 - |488,1] - |13486| 3106 | 36,6
| 52400.194.120-TB.AIII-3H | 900 | 2220 14,64 | 8388 - 4881 - |13449| 2626 | 36,6
‘ 52400.194.120-TB.AIlI-4H 14,64 | 838,8 - |508,1| - |1457,6| 1482 | 36,6
52400.194.120-TB.AIII-5H 14,64 | 8388 - |508,1] - |1453,9| 100,2 | 36,6

Puc. 5. Xapakrepucrrka TUIIOBOI OalKu IPOrOHOBOI OYy1I0BU

insHKa GemoHyeaHHsI
naumu - midcuneHHs
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Puc. 6. Cxema po3TanryBaHHsI THMYAaCOBOTO HAaBaHTAKCHHS Ta JIiHisI BIULTUBY KOediIli-
€HTIB NIONEPEYHOI YCTaHOBU

Tabmanms 1
KoedinienTn nonepedHoi yCTaHOBH B1Jl THMYACOBOT'0 HABAHTAXKCHHS
No cmyru pyxy Micne BuzHadueHus KITY 3nauenHs KITY
TIepIIe KOJIeCco y11=0,068
Hepura cmyra JPyTe KOJIECO y1,=0,129
nepIe KoJjeco y»1=0,176
Jlpyra cmyra Jpyre KOJIeCO Y2,=0,237

Cepenne 3nauenns KITY:
— st Tanaemy AK:

0,068+ 0,129 +0,176 + 0,237
4

n, =0,153; (2)




— st po3noauienoi AK:

0,068 + 0,129 + 0,6 -(0,176 + 0,237)

n, =0,111. (3)

4

OTxe, po3paxyHKOBE THMYACOBE HABAHTAYKEHHSI CTAHOBUTD!
— Big Tannemy AK:

P=9,81-K-n -m, -y, -(1+p)=

(4)
=9,81-11-2.0,153-1,5-1,3=128,36 xH;
— Big po3nofaineHoi AK:
v=0,98-K-n_-m -y, -(1+ H):

(5)

=0,98-11-2-0,111-1,3-1=6,23 xH/m.

OTtpumadi pe3yiabTaTH IHTCHCUBHOCTI HaBaHTAXKE€Hb BiJI TAaHIEMY Ta PO3IMOJIije-
HOTO THUCKY aBTOMOO1IIB 3 ypaXyBaHHSIM KOEQILIE€HTY MOTIEPEYHOTO PO3MOALTY Hada-
71 OyyTh BUKOPUCTAHHI AJIsl IPOTPAaMHUX PO3PAXYHKIB 00’ €MHOT MOJIENI.

5. 2. BuzHaueHHs JaedopMaliiii 3a J0MOMOrow MoOJeJIOBAHHS MPOTrOHOBOI
OyJ10BH IO TUIIOBOMY NPOEKTY

Po3paxyHku TpPOBOAMIINCH METOJOM CKIHUYEHUX EJIEMEHTIB MJid MPOCTOPOBOT
KOHCTPYKIIi1 OaJIK1, po3paxyHKOBa MOJIENb SIKO1 ITOKa3aHoO Ha puc. /.

| A] Links - fixed Y, Z

Links - fixed X, Y, Z N
Standard Earth Gravity: 9806.6

. Pressure - plate: 3.43e-003 MPa

- Pressure - vehicles - v‘%ﬁ@‘w

[ Force - vehicles - P: -1.2836e+005 N

0 350403 7e+03 (mm) )O/L Y
|| ]

1.75e+03 5.25e+03

Puc. 7. Po3paxyHkoBa Mojiesib Oaku



[TpoBomUTECS MBa PO3pAaXyHKH MOJEII 3 TAKMMH BapiaHTaMH 3aBAaHTAXEHbB: Tie-
pIIMK — y BHIAAKy BpaxyBaHHS Mii TUIbKM MOCTIMHHUX HABaHTA)XEHb BKIIOYAIOUH
TUTUTY TJCUIICHHS, APYTUN — MOCTIMHI HABaHTa)XEHHS (3 HaBaHTAXKEHHSM HOBOIO JI0-
JATKOBOIO TUIMTOIO MIFCUJICHHS) 1 J0JaTKOBO TUMYacOBe HaBaHTakeHHs. [locTiiiHe
HABAaHTAKCHHS BiJ TUTUTH MiACWICHHS Ha PO3PaxyHKOBY MOJeb ckianae 7,2 kH/m.
PesynbraTtu aOCONIOTHUX MepeMillleHb HIDKHIX (iOp T0AATKOBOI TUIMTH MiJACHICHHS
OaJsiky, 1mokaszaHi Ha puc. 8. AGCONIIOTHI 3HAYEHHS TOPU3OHTAIBHUX MEPEMIIICHb HU-
KHIX (10p HOBOT TUIUTH OAJIKHU JUIsl KOSKHOT'O BapiaHTy HaBeJeHO B Ta0I. 2.

Bianocue, T006TO dakTHUHE 3HAYEHHSI TOPU3OHTAIILHOTO TIEPEMIIICHHS IO HUXK-
HiM (piOpaM HOBOT MIIUTH BU3HAYAIOTHCSA 11O (OPMYITi:

A= (A=A ) = (A = A0 (6)

1.3838
1.0714 Min

20763
1.6078 Min

o

Puc. 8. Pezynbratu abcomOTHUX TepeMillieHb HIKHIX (i0p TUIMTH TIACUICHHS: a —
0e3 ypaxyBaHHSI TAMYaCOBOTO HABaHTAXXCHHS; O — 1] BIUVTABOM THMYaCcOBOTO HAaBaH-
TaKCHHS



Tabmuis 2
Pe3ynbpratu abCoOMOTHUX 3HAUYEHb TOPU3OHTANIBHUX MEPEeMIillleHb HIDKHIX (PiOp HOBOI
IVIMTH OaJIKU

AOCONIOTHI TIEpEeMIIIEHHs] HIKHIX (i0p

BapiauT po3paxyHk )
p PO3paxyHKy [UTUTH [MJICWIECHHS, MM

be3 ypaxyBaHHS THMYacoBOTO aBTOMO- | MiHIMalnbHe 1,07
OUILHOI'O HaBaHTAKEHHS MaxkcuMaiibHe 3,88
[lix BIUIMBOM THMYacoBOro aBTOMOOI- | MiHIMaJIbHE 1,61
JIBHOTO HaBaHTAKEHHS MaxkcumaisHe 5,83

I3 oTpuMaHuX po3paxyHKiB Mojem (Tadj. 2) BUAHO, IO PI3HMI Y TOPH30HTA-
JBHUX MEPEMIILIEHHAX HUKHBOI (p10pH HOBOI IUIUTH MPOi3y nepesuinye y 1,5 pasu.

OTtxe, (pakTHUHE 3HAUEHHS BIIHOCHUX TOPU30HTAIBHUX MEPEMIIlEHb HUKHBOI
(16py HOBOI IUIMTHU BiJl BIUIMBY TUMYACOBOTO HABAHTA’KEHHS CTAHOBUTH!

A, =(583-1,61)-(3,88-1,07)=141mm. (7)

3a HOpMaTHUBHUMHU JOKyMeHTaMu [13] pyX 1o KOHCTPYKIIisM, 110 OCTOHYIOTHCS,
JIOMYCKAa€eThCsl HE paHille, Hi O0eToH nocsrHe minHocTi 1,5 MIla. ITpaktuuHo, pyx
n03BOJISIEThCS TipH Temneparypi noBiTps 15 °C yepe3 2 nodu, mpu 10 °C — gepes 3
no6u, pu 5 °C — yepes 4...5 ni0). Pe3ynbratu po3paxyHKiB MiATBEPKYIOTh HETaTH-
BHUI BIUIMB Ha MPOIEC TBEPAIHHS OETOHY, a caMe pyHHYBaHHS CTPYKTypH O€TOHY Ha
[OYaTKy MOT0 CXOILTIOBaHHS.

5. 3. AHaJii3 MOKJIMBHUX NLISAXiB BUPilIeHHsI i€l mpo0JieMu Ta iX NOPiBHIHHS

[3 MOXKITMBHX NUISIX1B BUPIIICHHS Mi€1 MPOOJIeMU MTPOTIOHYETHCS IBA BapiaHTH:

1) moBHE 3aKPUTTS PyXy HA MOCTY;

2) pO3/UICHHS MPOTOHOBOI OyTOBH METOJIOM PO3pi3aHHSM IUIMTU B3JIOBX OCI
MOCTY Ha JBl YaCTHMHU: Meplla — Ha K1 IPOBOJATHCA PEMOHTHI poOOTH, pyra — Ha
SKIH JO3BOJICHUH pyX TpaHCcHopTy [14].

Huxde po3risiHyTo mepeBard Ta HEIOJNIKKM KOKHOTO 3 BaplaHTIB y MOPIBHSHHI
OJIMH 3 OJTHUM.

Bapiant Ne 1.

[Tepesaru.

1. ToninuryroTeCs YMOBH OXOpOHU Tiparli. BiacyTHicTh HeOe3neuHoro Gaxropy
— pPyX TPaHCIOPTY MOOJIN3Y MICIS TPOBEACHHS POOIT.

2. [llupoxuii GpoHT poOIT IS MAPSIAHOT OpraHi3arii.

3. CrpornryeThcsi cxema OropoKEHHS Miciisl poOiT (Hemae HEeOOXiTHOCTI Bialll-
TyBaHHS PEBEPCHOTO PYyXY).

4. CxopouenHs TepmiHiB poOit Ha 30+40 %.

5. binbll TEXHONOTIYHI NPOLECH MPU BIAIITYBAHHI Je(OpMalIiHUX IIBIB SKUM
HE MOTPiOHE pO3pi3aHHs 13 HACTYITHUM 3BapPIOBAHHSIM.

6. 3HMIKEHHS BUTpAT MaTepialiB, K HACIIJOK 3MEHIICHHS BapTOCTI OyjaiBe-
JBHUX POOIT.




Henomiku.

1. HasBHicTh a00 BiamryBaHHs 00'i3ay. Ilpu BiamryBanHi HOBOro o0'i3ay Ha
OJIKHBOMY 00XO01 30UIbIIYETHCS BapTiCTh poOiT. [Ipu BramryBanHi 00'i30y Ha Aa-
JeKoMy 00XO0/11 30LIbIIY€ThCA BIICTaHb MPOOITY TPAHCTIOPTY.

Bapiant Ne 2.

ITepesaru.

1. 36epexxkeHHs pyXy TPaHCIOPTY 3a ICHYIOYOI0 CXEMOIO.

Henomiku.

1. HasBHicTh HeOe3meuHoro (hakTopy MOOIM3y MICIl MPOBEACHHS POOIT — pyx
TPaHCIIOPTY.

2. JlomaTkoB1 BUTpaTH Ha PO3pPi3aHHA TUIUTU MPOTOHOBOI OYOBU B3JOBXK BCI€i
criopyau. 301IbIIICHHS BapTOCTI.

3. 30ibIIeHHsT TepMiHIB BUKOHaHHS poOIiT Ha 20+30 % dyepe3 HEOOXIAHICTH
OpoBEJCHHS POOIT B 3 eTanmu — MO OJAHOMY €Tamy Ui KOKHOTO HAmpsIMKy Ta eTarl
BJIAIITYBaHHS 111Ba 00'€THAHHS IO OC1 MPOTOHOBOI OYI0BHU.

4. 301n1bllIeHHS BUTpAT MaTepianiB. 30UIbIIEHHS BAPTOCTI POOIT.

5. HeoOXiIHICTh 3aKpUTTS PyXy Npu OCTOHYBaHHI 3-ro eramy — BJaIllTyBaHHS
mBa 00'enHaHHs Ha TepMiH 10 7+10 116 (0 MOCSATHEHHS OETOHOM OMOHOJIYYBaHHS
mirHocTi 70 %, puc. 1).

3a KUIBKICTIO TIEpeBar Ta HEJOJIIKIB HaWKpAIUM IUISIXOM JJIsi BUPIIICHHS MPO-
6siemu € BapianT Nel.

6. O0ropopeHHs1 pe3yJabTaTiB A0CHIIKeHHs 1e(OPMOBAHOIO CTaHY 3aJ1i30-
0eTOHHMX 0AJIOK aBTOOPOKHIX MOCTIB NPH MiJICHJICHHI IPOrOHOBUX 0y10B

Hacamnepen nmuTaHHS SKICHOTO BUKOHAHHS TEXHOJOTIYHOTO MpoIecy OeTOHY-
BaHHS IUIUTU MOCWJICHHS 0aJoOK aBTOJIOPOXKHIX MOCTIB BHUHHUKIO O€3MOCEpPEAHBO Y
OyIIBEJIbHUKIB Ta BUHUKJA HOBA MpOMO3ULisA nocmautu nedopmanii. [Jns mpose-
JIEHHS JOCIIJKEHHs 100y/10BaHa 00’€MHa MOJENbh TUIIOBOI MOCTOBOI OalKU y MpO-
rpamHomy 3abe3neueHHi Autodesk AutoCAD (CIIIA) ta BukoHaHe 11 OOYMCICHHS Y
nporpami ANSYS (CIIIA). BcraHoBieHo, 110 TOPU3OHTAIBHI Aedopmariii y MIuTi
M1JICUJICHHS], SIKI BUHUKAIOTh B1J] TUMYaCOBOTO aBTOMOOLIBHOIO HAaBaHTaKEHHs, Ma-
I0Th BIUIMB Ha CBIXKOYKJIaACHUN OETOH J0IaTKOBOT TIJTUTH.

Ha Bigminy Big mocmimkensb [2, 5-8], ne daxkTopu sIKiCHOTO TBEpIiHHSA OCTOHY
HE BPaxOBYBAJIM TMHAMIYHUX BIUIUBIB, pe3yJbTaT nepemimnieHs (1,41 Mm) BUSBICHO 3
ypaxyBaHHSM TUMYacOBOTO HaBaHTaXeHHS. OTpUMaHi pe3yIbTaTH BUHUKAIOYHX Tie-
pemimieHb (puc. 8) NMUIIXOM KOMIT IOTEPHHUX PO3paxyHKiB (Taldil. 2) MpeacTaBISIOTH
iHTEepec I MPOBEICHHS 1a00paTOPHUX JOCIIKCHB, i 9ac SKUX MOXKIMBO JCTa-
JHHO BU3HAYUTH PiBEHb TMHAMIYHOTO BIUTMBY HA TIOBEMIHKY CTPYKTYPH 3aCTUTAIOYO-
ro 0eToHy. AHAJIITUYHI JOCIIKEHHS, € BCTAHOBJIEHO Jeopmalii npu 6€TOHyBaHHI
JIOJIATKOBOI TUIMTH BiJi THMYACOBOT'O HABAHTA)XEHHS, B MOBHIN MIp1 MOSCHIOE HEOO-
X1IHICTh BpaxoByBaTH Wi pesynbtatd (7). BusBieHi 0COOIMBOCTI HAINPYXKEHO-
ne(OpPMOBAHOTO CTaHy 3a11300€TOHHUX OaJIOK aBTOJOPOYKHIX MOCTIB ITiITBEPIHIIO
HasBHICTH JepopMalriii, 10 pyHHYIOTh CTPYKTYPY HOBOTO OCTOHY.



3anponoHoBaHl c0cOOM BUPIMIEHHS MPOOJEMHU MPUCYTHOCTI TUMYACOBOIO Ha-
BaHTa)XCHHA M1 9ac BUKOHAHHS TEXHOJOTTYHUX poOiT (. 5. 3) BpaxoByrOTh MaTepi-
aJbH1 BUTPATH Ta CIIPOMOXKHICTh aBTOMOOUIHHOTO PYXY.

[IpoBeneHi nochiKeHHs Oy 0OMEKeH1 HasBHICTIO Ta BEJIMUUHOKO BILUIUBY Tie-
peMILIEHb, IIPU IbOMY HE BpaxOBYBaBCs CKJIaJ OETOHY Ta HAasgBHICTh apMaTypH y J10-
naTkoBid muTi. 111 oOMexkeHHS MOXKYTh OYTH YCYHEHI 3a JIOTIOMOTOF0 OLTBII JIeTallb-
HOTO JTOCHTIPKCHHS, a caMe TIOBEIHKM OKPEMUX BHJIIB Ta CKJIaay OCTOHIB y B3aEMOIIT
13 apMaTyporo.

7. BucHOBKH

1. [Ipu pyxXy TUMYacOBOTO HaBAaHTAKCHHS Ha OJIHIN MOJIOBHHI MOCTa BEJIWY -
Ha TUMYacOBOTO HABaHTA)XCHHS HAa YAaCTHHI MOCTY, Jie¢ BUKOHYIOThCS OyIiBEJIbHI
pobotu, craHoBiATh Bifg Tannemy AK 128,36 kH, Bix po3moaieHOro HaBaHTa-
xkeuas AK 6,23 kH/m.

2. 3a JOTIOMOTO0 MOJIEJIi POTOHOBOT OYIOBU 1O THITOBOMY TTpoekTy Coro3mop-
npoekTta cepii 3.503.1-81 nomxuHOr0 Oanmok 24 M, METOJOM CKIHUCHHMX €JIEMEHTIB
JUIsl IPOCTOPOBOI KOHCTPYKIIi Oanku BU3HAuYeHI aedopMallii B mepepisi 10AaTKOBOI
IUIUTH — 0€3 ypaxyBaHHS TUMYacOBOIO HaBAaHTAXXEHHS BOHU CTAaHOBJIATH 3,88 MM, a
MiJ] BIUIMBOM THUMYAacOBOTO HaBaHTaxeHHS 5,83 M. Pi3HUIM nux mepemillieHb npu
BIJICYTHOCTI Ta HassBHOCTI TUMYACOBOTO HABAHTAKEHHS PYHUHYIOTh CTPYKTYpPY OCTOHY
0 TBepJi€. AHaji3 BIUIMBY BUSBJICHHX JedopMaiiii CBITYUTH, IO BIAOYBAETHCS
pYWHYBaHHS CTPYKTYPH CBIKOYKJIQJACHOTO OETOHY Ta MOPYIIEHHS aares3ii CBIXKOTO
0eTOHY 3 apMaTypoIO Ta CTapOI0 KOHCTPYKLIEIO IJIUTH MPOTOHOBOI OyI0BH. SIKiCThH
OCTOHY HOBOiI IUTMTH HE JAa€ MOJKJIHMBOCTI JIOBFOBIYHOI POOOTH IMJACHICHOI Oaaku
IIPOTOHOBOI Oy0BH, MPU MPOEKTHOMY TEPMiHI POOOTH 3aTi1300€ TOHHUX KOHCTPYKITIN
50-70 poxis.

3. I3 MOXNHMBHUX NUIAXIB BUPIMICHHA Li€i MpoOIeMu, IpU BUKOHAHI OETOHHUX
poOIT MO MIACUIEHHIO TPOTOHOBUX OYI0B, TPOIOHYETHCSI TOBHE 3aKPUTTS PyXy Tpa-
HeropTy. Lledt cmoci®6 HaOiMbIl €KOHOMIYHUN Ta y MOBHOMY 00cs31 3abesrneuye
YMOBH JUISI IKICHOTO CTBOPEHHS CTPYKTypHU OCTOHHOTO KaMEHIO, 10 HEOOXiTHO IS
30UTBIIEHHS! BAHTAXKOIIAHOMHOCTI Ta JOBIOBIYHOCTI KOHCTPYKIIII.
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The technology of repairing reinforced concrete
bridges typically involves closing traffic on one half of
the structure and performing work on it when it is pos-
sible to move vehicles on the second part of this struc-
ture. The main process of interest to practitioners in
terms of hardening concrete, which occurs in the beams
of a span structure during the passage of a temporary
moving load, is deformation. By the time the cement of
freshly laid concrete of the overhead reinforcement slab
is hardened, it is necessary to create the necessary con-
ditions for this (temperature, humidity, immobility over
time, etc.). Before concrete acquires strength, move-
ments arising in the span structure cause the destruction
of cement stone at the formation stage. It is necessary to
investigate the presence of deformations, as well as their
impact on the impossibility of forming a homogeneous
structure of concrete and its adhesion to reinforcing ele-
ments that combine the existing slab with the new one.

This study has established deformations induced by a
temporary load from 1.61 to 5.83 mm, which have a neg-
ative impact on the process of solidification of concrete
in the reinforcement slab for a span structure during
the repair of a motorway bridge. The three-dimension-
al models were calculated by simulating a bridge of the
M-04 highway. The results underlie the conclusions that
the technology of repair work does not take into consid-
eration the required conditions for high-quality concrete
strength acquisition in an additional slab.

The study results established that operations on con-
creting an additional overhead reinforcement slab in the
presence of vibrational effects exerted by the temporary
load on the span structure cannot be performed because
of the destruction of concrete at the hardening stage.

Given the above issue, several ways to address it
have been devised and analyzed; the best of them is rec-
ommended

Keywords: repair of bridges, concrete road beams,
reinforcement slab, deformation, concrete structure
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1. Introduction

Road load increases over time while bridges exposed
to this load, which were designed according to earlier
standards, are aged, demonstrating defects, and failing to
meet the carrying capacity of modern carloads. There are
about 12 % of bridges whose service life exceeds 80 years;
the resource of those structures is close to exhaustion. A
significant number of bridges on public roads were built
before 1989, that is, 30 years ago; during operation, they are
prone to defects. Thus, a significant share of them, 63.5 %,
does not meet the requirements set by acting norms [1].
Therefore, there is a need to repair or reconstruct bridges
while simultaneously increasing their carrying capacity.
When executing such operations, important factors may be
ignored needed for the qualitative achievement of the goal.
Therefore, analyzing methods for improving the properties
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of structures is necessary and always relevant, especially in a
given area of high-class responsibility — bridge construction.

2. Literature review and problem statement

Work [2] states that the repair and restoration of the con-
crete coating are associated with significant material costs; in
addition, they lead to reduced throughput and congestion. At
the present stage, for restoring concrete structures, advanced
methods for the reconstruction and repair of bridges are pro-
posed [3], ensuring the durability of structures and increasing
the carrying capacity of beams in span structures [4]. Most
often, during the reconstruction of road bridges, in order to
increase the carrying capacity of the bridge, the arrangement
of an overhead slab for strengthening the motorway is implied.
However, there remained unresolved issues related to the oc-




currence of deformations that are not taken into consideration
for a high-quality acquisition of strength of fresh concrete
mixture [5] when concreting the reinforcement slab.

The service life and reliability of monolithic reinforced
concrete structures depend mainly on the influence of tech-
nology [2]. Mainly, the quality of concrete is associated with
the composition of materials, their quality, and taking into
consideration the criterion of compatibility of components [6].
In addition, the reliable structure of concrete depends on the
processes during concreting and the conditions of primary
hardening [7]. Work [8] shows the necessary conditions for
the formation of high-quality concrete and analyzes the re-
lationship of the main parameters of concreting technology.
However, the moving load on the bridge during the imple-
mentation of concrete works contributes to the occurrence of
deformations and affects the structure of non-hardened con-
crete. When performing operations on arranging an addition-
al overhead strengthening slab [3], the newly laid concrete is
affected by displacements unacceptable in the process of hard-
ening concrete. In the case of work without complete removal
of traffic from the span structure, the structure of freshly
laid concrete could be destroyed; the adhesion between the
fresh concrete with reinforcement and the old structure of
the span slab would be disturbed [8]. Work on concreting
an additional overhead reinforcement slab in the presence of
vibrational effects induced by the temporary load on the span
structure cannot be performed because of the destruction of
concrete at the hardening stage. That is, when performing
these construction operations, technological violations occur
that adversely affect the condition of new concrete and the
entire reinforcement of span structures [5]; this issue has not
been investigated in detail. The above allows us to assert that
it is expedient to conduct a study into the occurrence of de-
formations, their size, their impact on the process of hardening
and the acquisition of strength by concrete of an additional
reinforcement slab. It is predetermined by the urgent need to
improve the resource and carrying capacity of road bridges
operated on motorways. The prospect of such studies, based
on unresolved issues in the analysis of problems, is that the
method of reinforcement, which is considered in the current
work, is the most appropriate, effective, and widespread.

3. The aim and objectives of the study

The purpose of this research is to identify deformations
and confirm the impact of a temporary load on the violation
of the technological process of hardening the concrete rein-
forcement slab using the software calculation of estimated
models. This will make it possible to prove that an increase
in the carrying capacity of span structures with the help of
an overhead slab does not produce the desired effect, which
makes the relevant research expedient.

To accomplish the aim, the following tasks have been set:

— to determine the amount of temporary load on the part
of a bridge where construction work is carried out;

— to simulate the span structure according to a typical
project, which was most often used on roads, determine
the deformations in the cross-section of an additional slab,
and analyze the impact of the detected deformations on the
destruction of the structure of freshly laid concrete and vi-
olation of the adhesion of fresh concrete with reinforcement
and the old structure of the span slab;

—to analyze possible ways to solve this problem and
compare them.

4. The study materials and methods

A concrete mixture after pouring undergoes the physical
and chemical processes that turn it into a solid basis for the
construction structure. The strength indicator is the main
characteristic of concrete as a structural material. One of its
properties is the acquisition of strength by concrete over time.
One makes a quality assessment only after complete hardening.
As soon as water and cement come into interaction, the slurry
gradually loses its mobility and changes its properties. A new
structure forms over a certain time. The aging of concrete stone
involves two stages in the solution evolution: the initial — con-
crete setting, and the final — concrete hardening. Their progress
makes it possible to obtain the properties of strength corre-
sponding to the concrete of a certain class and grade.

Concrete setting stage. During transportation to the
place of concreting in a concrete mixer, the slurry remains
movable due to its constant agitation and its thixotropic
properties. Stopping the mechanical effect on a concrete
slurry after pouring increases its viscosity; it begins to set.
All detected defects in the slab formation should be removed
at the beginning of the first stage of concrete stone aging: it
starts immediately after pouring and does not last long.

The duration of the concrete setting depends on the am-
bient air temperature. A constant temperature of +20 °C is
considered an ideal condition for the first stage of slurry so-
lidification, which allows it to set in 3 hours. When changing
this condition, the duration of the setting may vary towards
a decrease or increase. This stage lasts the longest at ambient
temperature values close to 0 degrees [9].

Laying concrete should be carried out in compliance
with many conditions. One of the conditions concerns the
restriction on the time of laying concrete. The end of laying
the concrete slurry in the structure should take place no lat-
er than the start of cement setting. The onset of setting (OS)
depends on the grade of cement, its activity, the presence or
absence of admixtures — accelerators (inhibitors) of harden-
ing, temperature, and other factors. OS is a characteristic of
the cement grade; it is typically 3 to 6 hours.

Primary hydration of cement lasts from OS to the end
of setting (ES); it occurs within 6+12 hours. This time in-
volves the processes of cement stone formation, as well as
the adhesion of cement stone to large and small aggregates
and reinforcement [5]. During this period, concrete does not
yet have the strength of single-axis compression, displace-
ment, and stretching [6]. At the time of OS, concrete is a
suspension of cement milk (slurry) and inert fillers. At the
time of ES, concrete can be compared to sandy soils with a
high content of gravel. Until the time of ES, concrete gains
some shear strength, which is caused by the “stickiness” of
cement slurry and can be compared to the characteristic of
“adhesion” of sandy soils. A conditional plot of the concrete
strength acquisition is shown in Fig. 1.

The equation describing the concrete hardening plot can
be written as follows:

M =313In(T)-2.38, )

where M is the strength, %; T — time, day.
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The composition of maintenance work
is typical:

1. Removal of asphalt.

2. Removal of the protective and leveling
layer with waterproofing to the beam slab.

3. Installation of rows of anchors in in-
crements of 1.0+1.5 m (anchors @10+12 mm,
which are drilled to 100 mm).

Cleaning the surface of the slab.

4. Application to the entire surface of
the slab of materials such as Sika to ensure

further adhesion of new concrete to the slab.
5. Installation of reinforcing meshes

12345678 910111213141516171819202122232425262728

Time, day

Fig. 1. Concrete strength acquisition plot

When arranging an overhead slab on the motorway of
bridge structures, B35 class concrete should be used. The
design strength of this class of concrete at the age of 28 days
should be guaranteed to be at least 45 MPa (460 kg/cm?).

It should be noted that arranging an overhead slab for
strengthening the motorway during the reconstruction and
repair of bridges is implied for the repair of bridges whose
span structures are made of prefabricated T-shaped or I-beam
reinforced concrete beams. In this case, the beams can be
combined either with monolithic parts of the motorway slab
or with welds on the laid parts of the slab and diaphragm.

When repairing and reconstructing bridge structures,
the idea to arrange an additional overhead slab is not bad,
but controversial. The positive aspects include an increase
in the compressed zone of the cross-section of the beams of
the span structure. The result is an increase in the carrying
capacity of the structure. Due to the increase in the height
of the cross-section of the span, its carrying capacity and
rigidity increase, therefore, deflections decrease while the
comfort of movement improves [4].

Negative is an additional constant load on the span
structure (+350 kg/m? with a slab thickness of 14 cm). In ad-
dition, with an increase in the rigidity of the span structure,
the frequency of its natural oscillations changes. Typically,
for reinforced concrete beam spans, the frequency of natural
oscillations is 5+12 Hz for the first shape of oscillations, and
18+25 Hz for their second shape.

The technology of repairing reinforced concrete bridges,
as a rule, involves closing traffic on one half of the structure
and performing work on it (Fig.2) while it allows for the
further movement of vehicle load on the second part of the
structure [3].

on the entire area in one layer (reinforce-
ment @10, step 150x150 mm).

6. Concreting the slab, taking into con-
sideration the new requirements for trans-
verse slopes (2.5 %).

Given that all the new layers in total should meet the
previous marks, and the fact that the new thickness of as-
phalt is 110 mm, depending on the width of the bridge, the
resulting thickness of the slab is 80 to 110 mm.

For our research, a software method of calculation is
used — a finite-element method. 3D modeling is performed in
Autodesk AutoCAD (USA) (Fig. 3) and the finished model
is estimated using the ANSYS software (USA). To simplify
the calculation, working fittings were combined into one
volumetric rod and placed in the center of gravity of the
reinforcement cross-section.

Before calculating the model using the ANSYS soft-
ware (USA), it was divided into 261665 hexahedral finite
elements (Fig. 4), which ensures sufficient accuracy of cal-
culations.

Fig. 3. 3D model prepared
in Autodesk AutoCAD software (USA)

Z

Fig. 4. The finite-element estimated model of a beam using
the ANSYS software (USA)
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The length of the beam model is equal to the estimated
one of 24.0 m. The model was fixed according to the beam
scheme on two supports. The specified characteristics of the
materials correspond to concrete class B35 (C28/35) and
strained reinforcement of class B-IT (B1400).

3. Results of studying the deformed state of span
structures in road bridges

5. 1. Determining the amount of temporary load
on the part of the bridge where construction work is
carried out

the most unfavorable loading location is its maximum ap-
proximation to the concreting area (Fig.6). The busiest
beam on the concreting area of the reinforcement slab, in
this case, is the B5 beam. For a given beam and a given
scheme of loading the span structure, a line of influence of
the coefficients of transverse arrangement (CTA) was built,
which is shown in Fig. 6 [12].

The actual values of CTA under each wheel are given
in Table 1.

Table 1

Coefficients of transverse arrangement depending on
temporary load

The basic process of interest to practitioners when hard- — -
ening concrete is deformations that occur in the beams of the Traffic line No. CTA measurement site CTA value
span structure exposed to a temporary moving load. In this Lane 1 wheel 1 y1,1=0.068
case, the internal efforts in the cross-sectional elements are wheel 2 412=0.129
secondary to us. . . . wheel 1 y21=0.176
To carry out the required calculations, an actual bridge Lane 2 :
on the M-04 highway (Fig.2) and model 1 of the carload wheel 2 Y22=0.237
according to the AK scheme were taken as examples [10].
On its basis, a similar cross-section of the span structure was CTA mean value:
projected using a beam 24.0 m long according to the typical — for AK tandem:
project of the series 3.503.1-81, by Soyuzdorproekt, namely
B2400.174.120-TV-5N (Fig.5) [11]. In addition, to deter- _0.068+0.129+0.176+0.237 _ /. )
mine the magnitude of the force of influence induced by the ’ 4 o
temporary load acting on the span structure, we calculated
the transverse impact factor. — for distributed AK:
The scheme of the cross-section of the span structure
consists of nine beams arranged in increments of 2.1 m. n, = 0.068+0.129+0.6-(0.176+0.237) —0111 (3)
With two lanes of traffic on the opposite part of the bridge, Y 4 T
d Bmm mm | Concrete Costs of materials for the product Weight,
Skeich Boam brand b class [Concrete,] BAI |K-7,| AL [AL[ AIL | Stecl | kg
¢ m’ |(B1400). ke| ke | kg | kg | kg |rental kg
B2400.174.120-TV.AllIl-1H 13,92 838,8 - |473,8| - [12584| 72,6 348
b B2400.174.120-TV.AIII-2H 1392 | 8388 | - |438| - |12763| 3106 | 348
1040 |, ¢ 280 B2400.174.120-TV.AIII-3H | 700 2020 13,92 838,8 - |473,8] - [1272,6] 262,6 34,8
] B2400.174.120-TV.AIlI-4H 13,92 838,8 - [493,8] - [13853| 1482 348
B2400.174.120-TV.AlII-5H B35 13,92 838,8 - [493,8] - [1381,6] 1002 34,8
| by B2400.194.120-TV.Alll-1H (C28/35) | 14,64 838,8 - |488,1] - [1330,7| 72,6 36,6
| N B2400.194.120-TV.AIII-2H 14,64 838,8 - |488,1| - [1348,6| 3106 36,6
B2400.194.120-TV.AIII-3H | 900 | 2220 1464 | 8388 | - |4881| - |13449| 2626 | 366
l B2400.194.120-TV.AIII-4H 14,64 838,8 - |[508,1| - [1457.6| 1482 36,6
B2400.194.120-TV.AIII-5H 1464 | 8388 | - |5081| - |14539| 1002 | 366

Fig. 5. Specifications for a typical beam of the span structure

|
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Fig. 6. Schematic showing the location of temporary load and the line of influence of the coefficients of transverse arrangement



Thus, the estimated temporary load is:

— depending on AK tandem:
P=981-K-nm,-y,-(1+pn)=
=9.81-11-2-0.153-1.5-1.3=128.36 kN; 4)

— depending on distributed AK:

v=098-K-n m,-v,-(1+n)=
=0.98-11-2-0.111-1.3-1=6.23 kN/m. ()

The obtained results of the intensity of loads from tan-
dem and distributed pressure of cars, taking into consid-
eration the transverse distribution coefficient, will later be
used for software calculations of the volumetric model.

3. 2. Determining deformations by modeling the span
structure of a typical project

Our calculations were carried out by a finite-element
method for the spatial structure of the beam whose estimat-
ed model is shown in Fig. 7.

e

o

3.5e+03 7e+03 (mm)

1.75e+03 5.25e+03

Fig. 7. Estimation model of the beam

Two calculations of the model with the following load
options are carried out: the first in the case of taking into
consideration the effect of only constant loads including the
reinforcement slab, the second — constant loads (with a load
of a new additional reinforcement slab) and an additional
temporary load. The constant load from the reinforcement
slab on the estimated model is 7.2 KN/m. The results of abso-
lute movements of the lower fibers of the additional beam of
slab reinforcement are shown in Fig. 8. The absolute values
of horizontal movements of the lower fibers of the new beam
slab for each variant are given in Table 2.

The relative, that is, the actual value of horizontal move-
ment along the lower fibers of the new slab is determined
from the following formula:

A =(Any=An)=(ar, -AL, ). (6)

Our calculations of the model (Table 2) demonstrate that
the difference in horizontal movements of the lower fiber of
the new slab exceeds 1.5 times.

Consequently, the actual value of the relative horizontal
movements of the lower fiber of the new slab depending on
the effects of the temporary load is:

A, =(5.83-1.61)-(3.88-1.07)=1.41 mm. (7)

13838
1.0714 Min

b

Fig. 8. Results of absolute displacements of the lower
fibers of the reinforcement slab: @ — without taking into
consideration the temporary load; b — under the influence of
temporary load

Table 2

Results of absolute values of horizontal movements of lower
fibers of the new beam slab

Caleulation variant Absolute displacements of the lower
fibers of the reinforcement slab, mm

Excluding temporary Minimal 1.07
traffic load Maximum 3.88
Under the influence of Minimal 1.61
temporary traffic load Maximum 5.83

According to regulatory documents [13], movement
over concrete structures is allowed no earlier than concrete
reaches a strength of 1.5 MPa. Practically, the movement is
allowed at an air temperature of 15 °C after 2 days, at 10 °C —
after 3 days, at 5 °C — after 4...5 days. The calculation results
confirm the negative impact on the process of hardening
concrete, namely the destruction of the structure of concrete
at the beginning of its setting.

3. 3. Analyzing possible ways to solve this problem
and comparing them

There are two possible solutions to this problem:

1) complete closure of traffic on the bridge;

2) division of the span structure by cutting the slab along
the axis of the bridge into two parts: the first — on which
repair work is carried out, the second — on which traffic is
allowed [14].

Below are the advantages and disadvantages of each op-
tion in comparison with each other.

Option number 1.

Advantages:

1. Improved working conditions. The absence of a dan-
gerous factor — traffic near the place of maintenance work.




2. Wide front of work for the contractor.

3. Simplified scheme of fencing the place of maintenance
work (there is no need for reverse movement).

4. Reduction of terms of maintenance work by 30+40 %.

5. Advanced technological processes when arranging
deformation seams that do not require cutting with subse-
quent welding.

6. Reducing the cost of materials, the result being a re-
duced cost of construction work.

Disadvantages: availability or arrangement of a de-
tour. When arranging a new detour on the near bypass,
the cost of maintenance work increases. When arranging
a detour on a long-distance bypass, the distance of the
traffic increases.

Option number 2.

Advantages: preservation of traffic according to the exist-
ing scheme.

Disadvantages:

1. The presence of a dangerous factor near the place of
maintenance work — traffic.

2. Additional costs for cutting the slab of the span struc-
ture along the entire structure. Increased cost.

3. Increasing the duration of maintenance work by
20+30 % due to the need for operations in 3 stages — one
stage for each direction and the stage of arranging the com-
bined seam along the axis of the span structure.

4. Increased consumption of materials. The increased
cost of maintenance work.

5. The need to close the traffic during concreting of the
3rd stage — arranging the joint seam for up to 7+10 days
(until concrete monoliths reach a strength of 70 %, Fig. 1).

By the number of advantages and disadvantages, the best
way to solve the problem is option No. 1.

6. Discussion of results of studying the deformed state
of reinforced concrete beams of road bridges with the
strengthening of span structures

First, the issue of high-quality implementation of the
technological process of concreting the slab for strengthen-
ing the beams of road bridges arose directly among builders;
a new suggestion intended to investigate the deformations.
For our study, a three-dimensional model of a typical bridge
beam was built in the Autodesk AutoCAD software (USA);
its calculation involved the ANSYS program (USA). It was
established that horizontal deformations in the reinforce-
ment slab, which arise from a temporary car load, have an
effect on the freshly laid concrete of the additional slab.

Unlike studies [2,5-8] where factors of high-quality
concrete hardening did not take into consideration dynamic
impacts, the result of displacements (1.41 mm) was deter-
mined taking into consideration the temporary load. Our
results of emerging displacements (Fig.8) from computer

calculations (Table 2) are of interest for laboratory tests,
during which it is possible to determine in detail the level
of dynamic influence on the behavior of the structure of so-
lidifying concrete. The analytical study where deformations
from a temporary load were established when concreting
an additional slab fully explains the need to take these re-
sults into consideration (7). The identified features of the
stressed-deformed state of reinforced concrete beams of road
bridges confirmed the presence of deformations that destroy
the structure of new concrete.

The proposed ways to solve the problem of the presence
of temporary load during the implementation of technologi-
cal works (chapter 5. 3) take into consideration the material
costs and provide for road traffic.

Our studies were limited by the presence and magnitude
of the impact of movements, while the composition of the
concrete and the presence of reinforcement in the additional
slab were not taken into consideration. These restrictions
can be eliminated through more detailed research, namely
the behavior of individual types and the composition of con-
crete in interaction with reinforcement.

7. Conclusions

1. When moving a temporary load on one half of the
bridge, the amount of the temporary load on the part of the
bridge where construction work is carried out is, due to the
AK tandem, 128.36 kN; due to the distributed AK load,
6.23 kN/m.

2. With the help of a model of the span structure based
on the typical project by Soyuzdorproekt, series 3.503.1-81,
with a beam length of 24 m, the method of finite elements
for the spatial design of the beam was employed to deter-
mine deformations in the cross-section of the additional
slab; without taking into consideration the temporary load,
they are 3.88 mm; and under the influence of a temporary
load, 5.83 mm. The difference in these movements in the
absence and presence of a temporary load destroys the struc-
ture of hardening concrete. Our analysis of the effects of
detected deformations reveals that there is a destruction of
the structure of freshly laid concrete and a violation of the
adhesion of fresh concrete with reinforcement and the old
structure of the slab of span structure. The quality of con-
crete of the new slab does not allow for a long-term operation
of the reinforced beam of the span structure, with a design
period of 50-70 years of reinforced concrete structures.

3. Among the possible ways to solve this problem, when
concrete works are performed to strengthen the span struc-
tures, complete closure of traffic is proposed. This technique
is the most economical and fully provides conditions for the
qualitative creation of the structure of concrete stone, which
is necessary to increase the carrying capacity and durability
of the structure.
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