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AHHOTALUMUA

BBeaeHue. CoxpaHeHue KynbTypHOrO Hacneausi — akTyanbHasi 3agada coBpeMeHHoro obuiectsa. O ero Heo6xoaMmMocTn
rosoputcs n B Ykase [NpesngeHta PP ot 02.07.2021 Ne 400 «O CrtpaTternm HaumoHanbHon G6e3onacHoct Poccuiickon
denepaunmn»: «...yKpernneHne TpaanumMOHHbIX POCCUACKMX OYyXOBHO-HPABCTBEHHbIX LIEHHOCTEW, COXPaHEHUE KyIbTYPHOIO
N UCTOPUYECKOro Hacneams Hapoga Poccumn». ACHO M 0CO3HaHWe POCCUICKMM OBLLECTBOM BaXKHOCTM COXPaHEHUST apXMTeEK-
TYPHOTO KyNbTYPHOIO Hacneamst Hawen ctpaHbl. MpoBoaaTcs 40OPOBOMNbHbIE 3KCNeAULUM U ApYre MepornpusiTus B Lensx
COXpaHeHNsi OOBLEKTOB KyNbTYPHOro Hacrneausi, a Takke CTapbiX AOMOB, HEe BXOAALMX B 3TOT peecTp. M3yyeHve naBku
KynuoB [MyxapeBbIX SABMSIETCA YacTbl0 MCTOPUKO-apXMTEKTYPHOro uccriegoBaHus Poibaukorn cnobogkl B r. [Nepecnasne-
3anecckoM. B 3ToM mMecTe Bce elle COXpaHeH UCTOpPUYECKMIn obrnuk, a Takke OCOBEHHOCTU, CBSI3aHHbIE C MCTOPUYECKN
CMNOXUBLLENCS MPOMbICITOBON creumanusaumen cnobogbl. MiccnenoBaHne nocBsALWLEHO OOHOW U3 CTapbiX XO3SIMCTBEHHbIX
MOCTPOeK cnobofbl — TOProBou na.ke. ATOT 0O6beKT — pefkas LeHHas noctpornka. OHa B aBapviiHOM COCTOSHUM U Tpe-
OyeT CpOYHOro BMeLLaTenbCTBa CneumanuctoB. PaccMoTpeHbl MeToabl, MPUMEHUMbIE ANS pecTaBpauun OEPEBSAHHBIX XO-
3ANCTBEHHbIX NOCTPoeK. OLeHeHa BO3MOXHOCTb MCMONb30BaHUS KaXkKAoro MeToAa Ans naBku KynuoB [MyxapeBblx, a Takke
npensioXkeHbl NPOEKTHbIE PELLEHMS KOHCTPYKLMIA 1 onpedeneHo Havbonee pauunoHanbHoe pelleHune. Beibop meTtoaa pe-
cTaBpauumn onpefensieT NpoaorMKUTENbHOCTb, TPYA03aTpaThl, 9KOHOMUYECKUE 3aTpaTbl HA NpoBeaeHve paboT n 3aBUCUT
rmaBHbIM 06pPa3oM OT COCTOSIHUS MOCTPOWKK, @ TaKKe OT ee OXpaHHOro crtaTyca.

Matepuansb! u MeToAbl. [TpoaHanuampoBaHbl cTapble fomMa Peibavkon cnobogpbl, apXuBHbIE UCTOYHUKK, HAYYHblE TPyabl,
HOpMaTMBHbIE LOKYMEHTbI. BbINonHeHO HaTypHOe MccrnegoBaHue MOCTPOMKM, B XO4E KOTOPOro caenaHbl obmepsbl, (oTo-
dmKcaunsi, OLLEeHEHO COCTOSIHUE KOHCTPYKLIMIA, MPOBEAEH X pacyeT.

PesynbraThbl. ViccnenoBaHbl BapuaHTbl YCUITEHUSI KOHCTPYKLMIA KPOBIY NTAaBKU U NoaobpaHbl CeYeHUst KOHCTPYKUMIA Ans ca-
MOTO ONMTUManbHOro BapuaHTa.

BbiBogbl. CambiM ONTUManbHbIM BapuaHTOM OKa3arnocCb yCUIeHue KpoBMM CToMKamu n nogkocamu ceyvenvem 30 x 30
n 40 x 40.

KIMKOYEBBLIE CIIOBA: pectaBpauusi, AepeBsiHHOE 3044eCTBO, [lepecnaBnb-3anecckuii, KOHCTPYKTUBHbIE NPeanoXeHns
B pecTtaBpaumu, Peibaukas cnoboga, pekoHCTPYKLUMS, pacyeT
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ABSTRACT

Introduction. Preservation of cultural heritage is an urgent task of modern society. Its necessity is also stated in the Decree
of the President of the Russian Federation dated 02.07.2021 Ne 400 “The National Security Strategy of the Russian Fed-
eration”: “...strengthening of traditional Russian spiritual and moral values, preservation of cultural and historical heritage
of the people of Russia”. It is also clear that Russian society is aware of the importance of preserving the architectural cul-
tural heritage of our country. Voluntary expeditions and other activities are carried out in order to preserve cultural heritage
objects, as well as old houses that are not included in the register. The research of Glukharev merchants’ shop is a part

of the historical and architectural research of the Rybatskaya Sloboda in Pereslavl-Zalessky. In this place the historical ap-

© B.C. CkBopuoBa, A.1O. Ywakos, 2025
PacnpoctpaHsieTca Ha ocHoBaHuu Creative Commons Attribution Non-Commercial (CC BY-NC)



KOHCTPYKTUBHbIE peLleHus, MPUMEHUMbIE AASl pecTaBpaLmm AepPeBSIHHbIX XO3.IMCTBEHHbIX

C. 40-52
MOCTPOEK, Ha npumepe AaBku KynuoBs [AyxapeBbix B I. [lepecraBre-3arecckom

pearance is still preserved as well as features connected with the historically developed trade specialization of the sloboda.
The research is devoted to one of the old economic buildings of the sloboda — a trading shop. This object is a rare valuable
building. It is in an emergency condition and requires urgent intervention of specialists. The methods applicable to the resto-
ration of wooden outbuildings are considered. The possibility of using each method for the shop of the Glukharev merchants
is evaluated, and also design solutions of structures are proposed and the most rational solution is determined. The choice
of the restoration method determines the duration, labour and economic costs of the work and depends mainly on the condi-
tion of the building and its conservation status.

Materials and methods. Old houses of Rybatskaya Sloboda, archival sources, scientific works, normative documents were
analyzed. A field study of the building was carried out, in the course of which measurements were made, photo-fixation was
made, the condition of the structures was assessed, and the calculation of the structures was carried out.

Results. The options for reinforcing the bench roof structures were investigated and the cross-sections of the structures
were selected for the most optimal option.

Conclusions. The best option turned out to be the roof reinforcement with struts and underpinnings with cross sections
of 30 x 30 and 40 x 40.

KEYWORDS: restoration, wooden architecture, Pereslavl-Zalessky, constructive proposals in restoration, Rybatskaya Slo-
boda, reconstruction, calculation
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BBEJIEHHUE

ITpobnembl coxpaHEeHHS ACPEBIHHOTO HACIEIUs
PacKpBITH BO MHOTUX TPy/AaX POCCHICKUX U 3apyOex-
HBIX Hay4HBIX festeneil. B cratbe A.B. boa» pacecmo-
TPEHBI ¥ OIICHEHBI TIOAXOBI K pecTaBparmu [ 1-3]. Taxk-
ske 00 atoMm mucanu E.B. Xogakosckuii, A.C. I1leHkoB,
M.U. Komsina [4-7]. Xayke XaynTc onucai CBsI3aHHbIC
C MIPUPOTHBIMH YCIIOBHSMH MPOOJIEMbI COXPAHEHHUS JIe-
pesstaHOTO Hacneaus B Hopeeruu [8]. Hoamu Manapa,
Jlopenmo Poccet, @pangecko 3ambermnn, Auapea 3aHo-
JIa TIPEJICTaBHIIM CIIOCOO OTCIICKUBAHHS MUKPOKIIMMATa
BapUAIMOHHBIX aBTOKOAEPOB [9]. YueHble uccieayor
JepeBsaHHOe 3044ecTBO Poccun u B EBpone, HaxonsT
MYTH BOCCTaHOBJIEHHs KOHCTPYKIHH [10-16]. O6 00b-
€KTE CTaThu — JIaBKE KyMIOB [JyXapeBbiX ObUIM OITy-
ONMKOBaHBI HEKOTOPBIC MaTepHaisl [ 1, 2].

MATEPUAJIBI U METO/bI

JlaBka kymnioB [ myxapeBbIX BXOJIUT B COCTaB JIBO-
pa kymnoB [TyxapeBbIX, COCTOSIIETO B HACTOSIIEE
BpeMsI U3 JIaBKH U JKUIJIOTo foMa. J[Bop pacrnonaraercs
Ha TePPUTOPUH UCTOpHUIECKOH Pribarkoit cimodomsr [1].
PaccmarpuBaemast mocTpoiika He BXOIUT B peecTp 00b-
€KTOB KyJIbTYPHOTO HacleAMs, OHAKO paHee KUIOH
JIOM MMeJl OXpaHHbIH craryc. cTOpUKO-KyJIbTypHast
LIEHHOCTH ITOCTPOEK HE OblIa PaCKphITa, TAKXKe HE ObLT
pa3paboTaH MOIXO/ K PECTAaBPallui U PEKOHCTPYKIHH
00BekTOB crmoboxasl. JlaBka HeceT B cebe MCTOPUKO-
APXUTEKTYPHYIO U KyJIbTYpHYIO IIleHHOCTH. ITocTpolika
UMeEET 0COOCHHOCTH, CBA3aHHBIE C HCTOPUUYECKH CIIO-
JKUBIIEHCS TPOMBICIIOBOH CHienann3annuei cio00/Ibl.

OOBEKT COXpaHWJICS B CBOEM IMEpPBOHAYATIHLHOM
BUJIC, HUKAKHUX TO3HNX HACIOCHUI CHAPYKH U H3HY-
TpH HeT. B 1aHHOM cityuae pecTaBpupOBaTh NOCTPOIKY
11eJ1eco00pa3Ho, OPUEHTHUPYSICH Ha €€ TIepBOHAYATbHBIN
o6nmuk. CornacHO oOMepam, JIaBKa B IUIaHE KBaIpaTHAs
€O CTOpOHamu 5, 7 M, BbICOTA JaBKU OT YPOBHS 3€M-

71 IpuOIM3UTEThHO 4 M. Takast KOHCTPYKIHUS MPOCTa
JUIsl BBIBEIIIMBAHUS JJOMKpaTaMu.

Cornacuo «[IpuHIMIIaM coXpaHEeHHs! HCTOPUUECKUX
JICPEBSIHHBIX ITOCTPOEK» MPU paboTe ¢ AePEBIHHBIM Ha-
clieieM HeoOX0MMO TPHICPKUBATHCS TPAIUIIMOHHBIX
TEeXHUK 00paboTKH AepeBa. Kpome Toro, 3aMeHeHHas ape-
BECHHA JIOJDKHA OBITh U3 TOH 7K€ MOPOBI, YTO M TOJTHH-
HUK, C TAKOH 7K€ TEKCTYPOH, YPOBHEM BIIATOCOICPIKAHHS' .
Hcnonb3yroTes Takue TEXHOJIOTHH, KaK HapalllBaHHUE
OpeBeH MO0 JUIMHE, yCTaHOBKA KOPOHOK, BEIYMHOK C ITPH-
MEHEHHEM KJICeBBIX coeMuHEeHUH [17]. DTH TeXHOIOTuI
HY>KHBI JUIsl COXPaHEHHUsI HAaNOOJIBIIETO KOJINYeCTBa O/~
JMHHOTO Martepuana. Hapamsanne, KOpOHKH, BCTaBKH
W BBIYMHKH MPUMEHSIOTCS /ISl COXPaHEHHs TIOPaXKeH-
HOTO JIEPEBSIHHOTO Marepraa. Bee yka3aHHbIE OrpaHu-
YEHHMs1, TEXHOJIOTUH TPeOYIOTCsI ISl TOTO, YTOOBI COXpa-
HWTb ¥ TTOJUTMHHBIA MaTepual, u ero oomk. Ho mpu aTom
JICUCTBUSI HE JIOJDKHBI IPUBECTH K MyTAHHUIIE B Oy/y1em,
YTO SIBJISICTCS TIOJUTMHHUKOM, @ YTO MaTepHajoM MpOBe-
JICHHOM pecTaBpalii 1 PeKOHCTPYKIIHH.

PekoHCTpyKIMSI M IPUCTIOCOOIEHNE JI0ITYCKAIOT
BHECEHHUE HEKOTOPHIX U3MEHEHHH B 0ObekTe. Tak, Ha-
TIPUMeED, JUTS COXPaHEHHsI HICTOPUYECKOTo O0JIMKa 1 NH-
Tepbepa YTEIICHUE CTEH Ha BUANMBIX OBEPXHOCTSIX
HenorycTiMo. OHAaKo BO3MOXKHO YTEIIJICHUE Yepiaka
W 110714, HO TOJIBKO B CITy4dae 00eCHedeHusI MPOBETPHBaA-
HUs. B nmpoTtuBHOM cityyae marepuai OyJeT nopaxarb-
cst TprbaMu ¥ 1uieceHbro. st yTeruieHus CTeH MOKHO
HCIIOJB30BATh TPpaJAUIITUOHHBIC METO/IbI. I/ICTOpI/I‘IeCKI/I
CTEHBI yTENJISUIM METOJ0M KoHomarku. KoHomaTtwin

! TIpHHIMIIBI COXPAHEHUST HCTOPUYECKHX ACPEBSIHHBIX TIOCTPO-
eK // MexXIyHapOIHBIA COBET MO COXPAHEHUIO TTAMATHUKOB
1 JOCTOTIPHMEUATEIFHBIX MECT : puHAT 19 ['enepanbHoit Ac-
cambneeit UIKOMOC B Unaum, . Jleny, B nexadbpe 2017 . M. :
DeneparpHOE TOCYIApCTBEHHOE OIOMKETHOE YUPEKICHHE
KynbTyphl «l'0CynapCTBEHHBIH UCTOPUKO-apXUTEKTYPHBIN
u 3THOrpaduyeckuil Mmy3eit-3anoBenHuk «Kmxun», 2018.
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Puc. 3. Bocrounas creHa

JUKYTOM, MXOM, IakKJIel, 9TO TO3BOJSUIO YCTPAHHUTh
e Mexay OpeBHaMHM, YBEJIMUMB TEIIOU30JISIINOH-
HYIO CITOCOOHOCTb.

[IpenBapurtenbHoe obcneoBanne 00bEKTa /1aJI0

MMOHMMaHHNE, KaKUC NMOBPEIKACHUA €CTh B KOHCTPYKIIU-
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Puc. 5. I'padmueckast peKOHCTPYKIVS JIAaBKH, T1aH 10
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Puc. 6. ['paduueckas peKOHCTPYKIHS JTaBKH, IIEPBOE MPOCK-
Hoe pemenue 10
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Puc. 7. Y3en 1 u yzen 2
42

Puc. 4. IOxHas creHa

sx. JIaBKa B TsDKEJIOM aBapuilHOM cocTosiHuU. Dajb-
L[eBast KPOBJISI IMEET MHOTOUHNCIICHHBIE TIOBPEKICHHS.
YacTp xepreit 00peneTky TakKe MOpaXeHbl THIIIBIO
(puc. 1-4). Cpennsisi pepma ¢ BOCTOYHOHW CTOPOHBI
moTepsijia HeCymyro crnocodHocTs. MmeroTcst 6uormo-
PaXEeHUS CTEH, B TOM 4YHcie OCNbIM JOMOBBIM TPHOOM
Ha HIDKHHUX BEHIIAX IO’)KHOW CTEHBI M BEPXHUX BEHIAX
BOCTOUHOM cTeHbI. bpeBHa cpyOa MOpaskeHBI KYKOM.
IToTonox u ogHa W3 6amoK OOpYIIEHBI, YaCTh OJHOU
0aJiku UMeeT MOBPEeX/CHUs. B 0CHOBHOM NopakeHus
Ha cpyOe JIOKaIM3yI0TCsl B HIDKHHUX BEHIIAx, 110J] KPOB-
neil. MckiroueHne coCTaBisieT CeBEPHAs 4aCTh BOCTOY-
HOH CTEHbI U BOCTOUHBIN yTOJl FO’)KHOM CTEHBI, IIE pe-
TYJISIPHBIE IPOTEYKH B KPOBJIE PaspyLIHIIN JIPEBECHHY
1o Bceit BeicoTe. Kpome Toro, moBpeskaeHnst OeIbIM J10-
MOBBIM I'PHOOM FO’KHOM CTEHBI 3aXBaTHIBAIOT JBA HUXK-
Hux OpesHa. Corntacio 'OCT P 70005-2022 cnenyer
YAAISITH MOPaYKCHHBIN y4acTOK, 3aXBaTbIBasi OJTMH METP
BOKPYT Hero. Jl[peBecuHa, MOBPEXJICHHASA KyKaMH,
TOXKE TOMJISKUT yHaJeHuIo. Eciau 3aMeHuTh moBpex-
JICHHYIO JIDEBECUHY METOJIOM BBIYMHKH, TO B pE3yJIbTa-
T€ BO3MOXKHBI iehopMaruu cpyoda. B cBs3n ¢ aTum He-
00X0OMMO TIPHOETHYTh K KPaifHEMY M HEXKEJIATEIIbHOMY
MeTony pectaBpalu — nepedopke. [lepebopka cpyda
nojipazyMeBaeT pa30oopKy cpyda ¢ mpeaBapUTeIbHON
MapKHpOBKO# OpeBeH. [IpuMeHeHne 3Toro Meroaa He-
CeT 3HAYUTEIbHOE BMEUIATEIbCTBO B MOJIMHHOCTH
koHcTpykuuu. [Ipu pazdopke cpyda OpeBHa nedopmu-
pYyIOTCSI, N3-3a 4ETO MPU cOOPKE KOHCTPYKIINH BO3MOXK-
HBI YTPaThl HCTOPUYECKUX CIIENOB OT HHCTPYMEHTOB,
HE3HAuYNTEIbHOE U3MEHEHUE FeOMETPHUN TTOCTPOUKH.
C npyroit CTOpOHBI, U NepedopKe MOCTPONKH MOSIB-
JSIETCSI BO3MOXHOCTD BBISIBUTB ITOBPEK/ICHHS, KOTOPBIE
HEBO3MO)KHO OOHAPYKUTh ITPU BHEIIIHEM OCMOTE.
OtaenbHO CTOUT 00paTUTh BHUMAHKME Ha HECOXpa-
HUBIIINECS CKJIAJICKHE TIOMEIIEHHS, KOTOPBIE COCTaBIIIN
C JTaBKOW OHY MOCTPOHKY (puc. 5-7). JIns ux BoccTa-
HOBJICHUSI MOXKHO HMCIIOJIb30BaTh B Ka4eCTBE MpUMepa
AQHAJIOTH, a TAaKXKe MPUOETHYTh K apXWBHBIM JIAaHHBIM,
ecii OHU ecTb. Kpome Toro, BO3MOXKHO IPUMEHEHUE Me-
TOJIa APXEOJIOTHYECKOH 3aUMCTKH TEPPUTOPUH IS BBISIB-
JICHHSI TEOMETPHH TUIAHOB Pa3pPYIICHHBIX ITOCTPOCK.
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PE3YJIBbTATBI

HWrak, MeTo/ pecTaBpalluyl ONpeIeiicH — TOJTHAs
nepebopka oObekTa. [IpoeKT pecTaBpaliyl 3aBUCHT
1 oT OyAyIiero Ha3Ha4YCHUs JaBKU. Ecin miaHupyercs
HCTIONB30BaTh OOBEKT TSI IPOAOIDKUTEIHHOTO TPEOBI-
BaHMS JTIOJEH, HEOOXOMUMO 00ECIIEUYNTD TEIION30JIsI-
LIMIO ¥ OTOTICHHE.

st obecrieueHust Jrydiieil Hecymiel crmocooHo-
CTH KOHCTPYKIIUH, CKPBITOW B MHTEPhEpPE, €€ MOKHO
YKpPEINUTh, HO HE MOBpPEeXas NOATUHHUKA. Hampumep,
BO3MOXKHA YCTAHOBKA JIOTIOJTHHUTEIBHBIX KOHCTPYKIIHIA
U PePMBIL: CTOCK, CTSDKEK, TOAKOCOB. Takue pemeHus
JTOITyCTUMBI B TOM CITydae, eCIi MMEIoIIasicss KOHCTPYK-
NS ICHCTBUTEIBHO HEe 00NaaeT HeoOXOIUMON Hecy-
W CIIOCOOHOCTRIO C IENTBI0 COXPAHEHHS CYIIECTBYIO-
IIEr0 MaTepuaIa.

Ob6ocHOBaHME ONITUMAJIBHOIO METOAA YCUJIEHUSI
CTPONMMJIBLHBIX CHCTEM JIePeBSIHHO# JTaBKU

1. OCHOBHbBIE BH/IbI YCUIICHUSI CTPOIIIBHBIX CH-
cteM (puc. 8).

2. OnmcaHne pacyeTHBIX CXeM CTPOIMIBHBIX CH-
creM (Talr.).

AHanu3 mpoBeieH METOOM KOHEUHBIX JIEMEHTOB
B porpaMmHoM makete CAE Abaqus [18-20]:

* Harpy3KH: BepTHKaJbHas pacipe/eleHHas Ha-
rpy3Ka Ha IOBEPXHOCTH CTPOIMIBHBIX HOT — 5 H/MM;

* 1[eJb — CHU3UTH MONEPEUHbIe PEeaklUU B OIO-
pax, pacHpeesnTh BEPTUKAIbHBIE PEAKIIMH MAKCH-
MaJIGHO PaBHOMEPHO I10 3JIEMEHTaM CTPOINMIBHON CH-
CTEMBI;

* IPOYHOCTHBIEC U Je(POPMAIIMOHHBIE XapaKTEePH-
ctuku 6epyres u3 CII «JlepeBsHHbIC KOHCTPYKITHN».
JlepeBo — cocHa.

3. Hedopmanmonnas kapTuHa. MacmTaOHBINH
(hakTOp 3HAYUTEIILHO yBeIUUeH (puc. 9).

OmnopHbIe peakuy M0Ka3al, YTO ONTHMAIBHBIM
BapUaHTOM SIBJISETCS CXeMa MoJ HoMepoM IecTs. OHa
MIPOJIEMOHCTPUPOBAJIA HAMITYUIIINE OTIOPHBIE PEAKIIH,

2 CII 64.13330.2017. TepeBsiHHbIE KOHCTPYKIUU. AKTyaTH3M-
poBanHas penakiust CHull 11-25-80.

o3 03 3 03
/ 4 ES SOk s, A 6 AT
1 21 2 1 2 1 4 ) L7145 |on2
F s £ 5 X B & 4 2
1 2 4 5
7 _.@3 g 03 2 e 3 . a3
ah 6 7 8 8
A AN ? b ® S ol
A e e YRR
6 7 8 9
Puc. 8. CxeMbl CTPONUIIBHBIX CUCTEM
OmopHbIe peakiuy TPy TPIMEHEHNH B JJABKE OCHOBHBIX CTPOMMIBHBIX CHCTEM
Homep Homep Bepruxanbnas | lopusonranbnas Homep Homep Bepruxanbnas | TopusonranbHas
y3/10B peakuns peakuus y3/10B peakuns peakuns
A 23 047,41 +13 545,18 A 8765,16 +13 545,18
1
b 23 047,41 -13 545,18 7 b 8765,16 -13 545,18
) A 23 047,56 +21 784,41 r 14 283,22 +21 784,41
b 23 047,56 -21784,41 I 14 283,22 -21784,41
A 3862,51 -8851,94 A 9981,40 -8851,94
3 b 3862,51 +8851,94 3 b 9980,09 +8851,94
r 38 373,55 - r 11 709,75 -
A 10 711,66 +7420,93 il 2713,90 +7420,93
4 b 10 711,66 -7438,14 E 11 710,58 -7438,14
r 24 673,77 - A 8982,38 -
A 5849,76 +1756,51 b 11 707,57 +1756,51
b 5849,76 -1755,51 9 r 4716,40 -1755,51
5 r 14 367,66 - il 11 709,40 -
I 5662,54 - E 8981,96 -
E 14 367,66 - - - -
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Puc. 9. [lebopmarontast kKapTuHa

KOTOPBIE TAKKE COOTBETCTBYIOT TPEOOBAHUIO pecTaBpa-
UK O COXPAHEHUSI HHTEPhEPa.

Ion6op ceuenus

B cBsi3u ¢ TeM, 4TO 3TO IEHHBIH 0OBEKT, aBTOPHI
UCIIOJIB3YIOT CTAapble TEXHOJIOTHH U MaTepHabl. B mpo-
€KTHOM PEIICHUN OCTACTCS KPOBJISI IIMHKOBAsI HA Kep-
JUIX CO CTPONUIIbHBIME (hepMaMHU.

Jeticmeyrowue naepysku. CHeroBasi Harpyska
st IV cuerosoro paiiona — 2,0 kH/m?: 200 kr/m? x
x 44,5 m? = 8900 k.

Haepyska om geca kpoenu (puc. 10):

e 0T 29 xepnelt nauHOM 6,13 M cpenHUM TUaMe-
tpom 0,11 m: 0,058 - 29 - 470 kr/m* = 790,54 kr;

* (ainblieBast KpoBis Iomanso 44,5 m>: 44,5 x
x 0,001 - 7850 xr/m? = 349,33 T}

* JIB€ CTPONWJIbHBIE HOTH JJIUHOM 3,58, cpenHumM
muamerpom 0,205 m: 0,225 m3/2 - 470 xr/m? = 211,5 kT.

Pacder HacTHa BereM Kak Oallke 110 IBYXIIPOJICT-
HOU cxeMe. PaccTosgHue Mexay onopaMu paBHO IIary
TIPOTOHOB / = 2,9 M.

ITocrosinHas pacueTHas Harpy3ka: 9,84.

Hroro, momHas pacueTHas Harpy3ka: 12,64.

KomrgecTBo cTpormmmsHbIX cricteM — 3 . (puc. 11).

Harpy3ka Ha cpenHtoro Gpepmy paBra 40 % ot Beeit
Harpy3Kd Ha CTpONWIbHBIE ¢epmbr: 12,64 - 17,8 +
+2,115-1,2=227,53 k.
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Puc. 10. Pazmeps! cTpornun

[Z) Viewport: 1 Modek Stropila-Usilia  Step: Step-1

Puc. 11. Koneuno-3meMeHTHAS MOIEH
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KOHCTPYKTUBHbIE peLleHus, MPUMEHUMbIE AASl pecTaBpaLmm AepPeBSIHHbIX XO3.IMCTBEHHbIX

C. 40-52

MOCTPOEK, Ha npumepe AaBku KynuoBs [AyxapeBbix B I. [lepecraBre-3arecckom

Puc. 13. MakcumanbHas pacTsIruBaio-

Puc. 12. Peakuuu B ornopax

Puc. 15. OceBble CHIIBI B 2JIEMEHTaX CTPONMIBHOH (epMBbl

4. Pa3mepbl ceueHnH 2IEMEHTOB KOHCTPYKIIUH:

 crporuibHas Hora AC—CE — auametp 205 mwm;

* ctoiiki BG—CF-DH — TpsIMOYTOJBHEIHN Mpo-
¢ub 30 x 30 mm;

* 10nKOChl BF—FD — npsiMOyTOJIbHBINA TPOQHIIH
30 x 30 mmMm;

* HIKHAA nepexnaanaa AE — muamerp 200 MM.

5. Koneuno-anemeHTHast Moaens (puc. 12—16).

W3 Moznenu BUIHO, YTO caMble Harpy>KeHHBIE CTPO-
MUJIbHBIE HOTH HAaXOJSITCS B cepeiHe KPbIH (puc. 12).
B nanpHelimeM Oymem paccMaTpuBaTh TOJIBKO Cpej-
HIOIO CTPONIIIIBHYIO epmy (puc. 13).

1. Yeunus B sxepsx mporoHa Kpeimd (puc. 14).

Honyctumsie: [¢] = 10 MIla.

6 < [6] — ycnoBue NPOYHOCTH BHITIOTHSIETCS.

Koaddurmenr 3anaca k = [c]/c = 10/4,5 =2,22.

2. CrpommnieHas depma (puc. 15, 16).

Vewnust:

 crponuibHble Horu AC-CE: N =36 721 H;

* croiika nentpanbias CF: N=10 192 H;

 croiika BG-DH: N =2230 H;

e monkoc BF—FD: N= 6942 H;

» Oamka AE: N=510 H.

Hanpsoxenus:

Crponmunsubie Horu AC-CE: ¢ = 3,2 MIla.

Homyctumsie [6] = 10 MITa.

0 < [6] — yc0BHe IPOYHOCTH BBITIONHACTCS.

Koaddumment 3anaca k = [6]/c = 10/3,2 =3,12.

Croiika nenrpansHast CF: ¢ = 11,3 MIla.

Homyctumsie [6] = 10 MITa.

0 < [6] — yci0BHe IPOYHOCTH HE BBITIOITHACTCS.

mas cujia Ha Koubke F' =11 028,14 H

Puc. 14. MakcuMambHbIe HaPSHKEHUS
B ceueHnd (pactsokerue) o = 4,5 Mlla

Puc. 16. [11aBHbIe HANPsKEHUS B CEUEHUU DIIEMEHTOB CTPO-
MMHJIBHON CHCTEMBI

Koadhdumment 3amaca k = [c]/c = 10/11,3 = 0,88.

Heo0xoanmo yBenuueHue Ce4eHusl, IPUMEM MPSMO-
yroasHoe cedeHue BMecto 30 x 30 mm 40 x 40 MM.

o =10 192/(3,14 - 40%) = 6,37 MIla.

0 < [6] — ycI0BHE IPOYHOCTH BBITIOIHACTCS.

Koaddurmenr 3amnaca k = [c]/c = 10/6,37 = 1,57.

Croiiku BG—-DH: ¢ = 2,5 Mlla.

Honyctumsie [c] = 10 MI]a.

0 < [6] — yc0BHe IPOYHOCTH BBITIONHACTCS.

Koaddummenr 3amaca k = [c]/c = 10/2,5=4.

Ilonxoc BF—FD: ¢ =7,7 MIla.

Homnyctumsie [c] = 10 MI]a.

6 < [6] — ycli0BHE IPOYHOCTH BBIIONHSICTCS.

Kosddumment 3amaca k = [6]/c = 10/7,7 = 1,3.

Hwxuss nepexnaguna AE: o = 1,7 MIla.

Homycrumsie [6] = 10 MITa.

6 < [6] — ycnoBue NPOYHOCTH BBITIOTHSIETCS.

Koadumment 3amaca k = [c]/c = 10/1.

3AKJIIOYEHUE

JlaBka kymioB [myxapeBbIXx — MOCTpOiiKa, 00a-
JlaroIasl UICTOPUYECKOM IIEHHOCTBIO, YTO HAaKJIAbIBAET
OTpaHWYCHUS B IMPUCTIOCOOJICHUH U BapHaHTaX yKpe-
TUTEHHST KOHCTPYKITHIA. Pazpabotan BapraHT yKpeTUICHHS
KOHCTPYKITH TIPH yCIIOBUU BOCCTAHOBJICHHUS MOTOJNKA.
OH CKpOeT JONOJHUTEIbHbIE KOHCTPYKLIUHU B UHTEPhEPE.
C y4eToM 3TOro, a TAK¥KE ¢ TOUKH 3PEHHsI SKOHOMUH Ma-
Tepuana, TPYAOEMKOCTH W TEXHUIECKUX CBOWCTB, HaH-
OoIree ONITIMATEHBIM BApHAHTOM SIBIISICTCS COBMEIIICHHEC
CTOEK U MOJKOCOB (puc. 8, cxema 6) pasmepamu 30 x 30.
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on the example of the shop of the Glukharev merchants in Pereslavi-Zalessky
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INTRODUCTION

The problems of preserving wooden heritage are
disclosed in many works of Russian and foreign scien-
tists. The article by A.B. Bode considers and evaluates
approaches to restoration [1-3]. E.V. Khodakovsky,
A.S. Schenkov, and M.I. Kolyada also wrote about it
[4-7]. Hauke Haupts described the nature-related prob-
lems of preserving wooden heritage in Norway [8].
Noemi Manara, Lorenzo Rosset, Francesco Zambelli,
Andrea Zanola presented a method for tracking micro-
climate variation autoencoders [9]. Scientists investi-
gate wooden architecture in Russia and in Europe, find-
ing ways to restore structures [10—16]. Some materials
have been published about the object of the paper —
the shop of the Glukharev merchants [1, 2].

MATERIALS AND METHODS

The shop of the Glukharev merchants is part
of the Glukharev merchants' yard, which currently
consists of a shop and a dwelling house. The court-
yard is located on the territory of the historic Rybats-
kaya Sloboda [1]. The building under consideration is
not included in the register of cultural heritage objects,
but earlier the dwelling house had a protective status.
The historical and cultural value of the buildings has not
been disclosed, nor has an approach to the restoration
and reconstruction of the sloboda objects been devel-
oped. The shop has historical-architectural and cultural
values. The building has features related to the histori-
cally established trade specialization of the settlement.

The building has been preserved in its original
form, and there are no later layers on the outside or in-
side. In this case, it is advisable to restore the build-
ing, orientated on its original appearance. According to
the measurements, the bench is square in plan with sides
of 5, 7 metres, the height of the bench from the ground
level is approximately 4 metres. Such a construction is
easy to suspend with jacks.

According to the “Principles for the Conservation
of Historic Wooden Structures”, traditional woodwork-
ing techniques should be followed when dealing with
wooden heritage. In addition, the replaced wood should
be of the same species as the original, with the same

texture, moisture content'. Technologies such as log
length extensions, crowning, and gouges with glue
joints are used [17]. These technologies are needed to
preserve the greatest amount of authentic material. Ex-
tensions, crowns, inserts, and gouges are used to pre-
serve the affected wood material. All the mentioned
limitations, technologies are required to preserve both
the authentic material and its appearance. However,
these actions should not lead to future confusion as to
what is authentic and what is material from restoration
and reconstruction.

Reconstruction and adaptation allow some chang-
es to be made to the object. For example, in order to
preserve the historic appearance and interior, insulation
of walls on visible surfaces is not allowed. However, it
is possible to insulate the attic and the floor, but only
if ventilation is ensured. Otherwise, the material will
be affected by fungi and mould. Traditional methods
can be used to insulate walls. Historically, walls were
insulated using the caulking method. Caulking was
done with jute, moss, wadding, it allowed to eliminate
the gaps between the logs, increasing the insulation ca-
pacity.

Preliminary inspection of the site gave an under-
standing of the damage to the structures. The bench is
in a severe state of disrepair. The standing seam roof
has numerous damages. Some of the purlins are also af-
fected by rot (Fig. 1-4). The middle truss on the east
side has lost its load-bearing capacity. There are bio-
infestations on the walls, including white house fungus
on the lower crowns of the southern wall and the upper
crowns of the eastern wall. The logs of the log cabin are
infested with beetle. The ceiling and one of the beams
have collapsed, part of one beam is damaged. The dam-
age on the log cabin is mainly localized in the lower
crowns, under the roof. The exception is the northern
part of the east wall and the eastern corner of the south

! Principles for the conservation of historic wooden buildings.
International Council on the Conservation of Monuments
and Sites : adopted by the 19th ICOMOS General Assembly
in India, New Delhi, December 2017. Moscow, Federal State
Budgetary Institution of Culture “State Historical, Architectural
and Ethnographic Museum-Reserve “Kizhi”, 2018.
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Fig. 1. Western wall

Fig. 3. East wall
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Fig. 2. North wall

Fig. 4. South wall

wall, where regular leaks in the roof have destroyed
the wood along the entire height. In addition, white
house fungus damage to the south wall is taking over
the bottom two logs. According to GOST R 70005-
2022, the affected area should be removed, capturing
one metre around it. Wood damaged by beetles should
also be removed. If the damaged wood is replaced by
mending, the log cabin may be deformed as a result.
Therefore, it is necessary to resort to an extreme and
undesirable method of restoration — bulkheading. Log
cabin bulkheading implies disassembly of the log cabin
with preliminary marking of the logs. The use of this
method is a significant interference with the authentic-
ity of the structure. When disassembling the log cabin,
the logs are deformed, which may result in the loss
of historical tool marks and minor changes in the geom-
etry of the structure when reassembling it. On the other
hand, when reassembling the structure, it is possible to
reveal damage that cannot be detected by external in-
spection.

Special attention should be paid to the non-pre-
served storage rooms, which formed one building with
the shop (Fig. 5-7). To reconstruct them, it is possible
to use analogues as an example and also to use archi-
val data, if available. In addition, it is possible to ap-
ply the method of archaeological mopping-up to reveal
the geometry of the plans of the destroyed buildings.

RESULTS

So, the method of restoration has been determined —
a complete reassembly of the object. The restoration proj-
ect also depends on the future purpose of the bench. If it
is planned to use the object for a long stay of people, it is
necessary to provide thermal insulation and heating.

To ensure better load-bearing capacity of the struc-
ture hidden in the interior, it can be reinforced, but with-
out damaging the originals. For example, it is possible
to install additional structures for the truss: struts, ties,
underpinnings. Such solutions are acceptable if the ex-
isting structure really does not have the necessary load-
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Fig. 8. Schemes of truss systems

bearing capacity in order to preserve the existing mate-
rial.

Justification of the optimal method of strengthening
the rafter systems of a wooden bench

1. Main types of rafter reinforcement (Fig. 8).

2. Description of design schemes of truss systems
(Table).

The analysis was carried out by finite element
method in the CAE Abaqus software package [18-20]:

* loads: vertical distributed load on the rafter sur-
face — 5 N/mm;

Support reactions when using basic truss systems in the bench

* the aim is to reduce the transverse reactions in
the supports and to distribute the vertical reactions as
evenly as possible over the elements of the rafter sys-
tem;

* strength and deformation characteristics are taken
from the CP “Wooden structures™. The wood is pine.

3. Deformation pattern. The scale factor is signifi-
cantly increased (Fig. 9).

2 CP 64.13330.2017. Wooden structures. Updated edition
of SNiP I1-25-80.

Number Node number Vertical Horizontal Number Node number Vertical Horizontal
response response response response
A 23,047.41 +13,545.18 A 8,765.16 +13,545.18
! B 23,047.41 -13,545.18 7 B 8,765.16 -13,545.18
5 A 23,047.56 +21,784.41 G 14,283.22 +21,784.41
B 23,047.56 -21,784.41 D 14,283.22 -21,784.41
A 3,862.51 -8,851.94 A 9,981.40 -8,851.94
3 B 3,862.51 +8,851.94 3 B 9,980.09 +8,851.94
G 38,373.55 - G 11,709.75 -
A 10,711.66 +7,420.93 D 2,713.90 +7,420.93
4 B 10,711.66 -7,438.14 E 11,710.58 -7,438.14
G 24,673.77 - A 8,982.38 -
A 5,849.76 +1,756.51 B 11,707.57 +1,756.51
B 5,849.76 -1,755.51 9 G 4,716.40 -1,755.51
5 G 14,367.66 - D 11,709.40 -
D 5,662.54 - E 8,981.96 -
E 14,367.66 - - - -

Fig. 9. Deformation pattern
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Fig. 10. Dimensions of rafters

The support reactions showed that scheme number
six was the best option. It showed the best support reac-
tions, which also fulfils the restoration requirement to
preserve the interior.

Section selection

Due to the fact that this is a valuable object, the au-
thors use old technologies and materials. The design so-
lution remains zinc roofing on poles with trusses.

Effective loads. The snow load for snow region IV
is 2.0 kN/m?: 200 kg/m? - 44,5 m?> = 8,900 kg.

Load from the weight of the roof (Fig. 10):

 from 29 poles 6.13 m long with an average di-
ameter of 0.11 m: 0.058 - 29 - 470 kg/m?* = 790.54 kg;

* 44.5 m? standing seam roof: 44.5 - 0.001 x
x 7,850 kg/m? = 349.33 kg/m?;

* two rafters length 3.58, average diameter 0.205 m:
0.225 m*2 - 470 kg/m* = 211.5 kg.

The deck is calculated as a beam in a two-span
scheme. The distance between the supports is equal to
the purlin spacing / =2.9 m.

Constant design load: 9.84.

Total full design load: 12.64.

[Z) Viewport: 1 Modek Stropila-Usilia  Step: Step-1

Fig. 11. Finite element model
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Number of rafter systems — 3 pes. (Fig. 11).

The load on the middle truss is equal to 40 %
of'the total load on the trusses: 12.64 - 17.8+2.115-1.2 =
=227.53 kg.

4. Dimensions of cross-sections of structural ele-
ments:

e rafter AC-CE — diameter 205 mm,;

* BG-CF-DH posts — rectangular profile 30 x
x 30 mm;

* underpinnings BF—FD — rectangular profile 30 x
x 30 mm;

* bottom crossbar AF — diameter 200 mm.

5. Finite element model (Fig. 12-16).

The model shows that the most loaded rafters are
located in the middle of the roof (Fig. 12). In the fol-
lowing we will consider only the middle truss (Fig. 13).

1. Forces in the roof purlins (Fig. 14).

Permissible: [6] = 10 MPa.

o <[o] — the strength condition is fulfilled.

The stock factor k = [c]/c = 10/4.5 =2.22.

2. Rafter truss (Fig. 15, 16).

[S[o)>]
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Fig. 13. Maximum tensile force at
the ridge F=11,028.14 H

Fig. 12. Reactions in supports

Fig. 15. Axial forces in truss elements

Forces:

e AC-CE rafters: N=36,721 H;

e CF centre stand: N=10,192 H;

e  BG-DHrack: N=2230H;

e BF-FD strut: N=6,942 N;

*  beam AE: N=510N.

Voltages:

AC-CE rafters: 6 = 3.2 MPa.

Allowable [c] = 10 MPa.

o <[o] — the strength condition is fulfilled.

The stock factor k= [c]/c =10/3.2 =3.12.

Centre post SF: ¢ = 11.3 MPa.

Allowable [c] = 10 MPa.

6 < [c] — the strength condition is not fulfilled.

The stock factor £ = [c]/c = 10/11.3 = 0.88.

An increase in cross-section is required, adopt
a rectangular cross-section instead of 30 x 30 mm
40 x 40 mm.

0=10,192/(3.14 - 40*) = 6.37 MPa.

o < [c ] — the strength condition is fulfilled.

The stock factor k= [6]/c = 10/6.37 = 1.57.

BG—DH props: ¢ = 2.5 MPa.

Allowable [6] = 10 MPa.

Fig. 14. Maximum stresses in section
(tensile) o = 4.5 MPa

Fig. 16. Principal stresses in the cross-section of the elements
of the rafter system

o < [c] — the strength condition is fulfilled.
Stock factor k= [c]/c = 10/2.5 = 4.

BF-FD strut: 6 =7.7 MPa.

Allowable [6] = 10 MPa.

o < [0 ] — the strength condition is fulfilled.
Stock factor k= [c]/c=10/7.7=1.3.

Lower crossbar AE: 6 = 1.7 MPa.
Allowable [c] = 10 MPa.

o < [c] — the strength condition is fulfilled.
Stock factor k= [c]/c = 10/1.

CONCLUSION

The shop of the Glukharev merchants is a building
of historical value, which imposes limitations in adapta-
tion and options for structural reinforcement. A variant
of structural reinforcement has been developed, provid-
ed the ceiling is restored. It will hide additional struc-
tures in the interior. Taking this into account, as well as
from the point of view of material saving, labour inten-
sity and technical properties, the most optimal variant
is the combination of struts and underpinnings (Fig. 8,
sch. 6) with dimensions 30 x 30.
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