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IPPEKTUBHOCTb APMUPOBAHUSA KAMEHHBIX CBOJIOB
KOMIIO3UTHBIMHU MATEPUAJIAMU

Annomayusn. Paccmampugaiomesi KameHrHble c800bl UCMOPUYECKUX 30aHUL, KOMOpble U3-3d
CHUDICEHUSI Hecyyell CnOCcOOHOCIU mpebyiom PeMOHMHO-80CCMAHO8UMENbHBIX pabom. /laemcs ananius
MEXAHUBMO8 PA3PYUWEHUS. YUTUHOPUUECKUX C80008 6 3d8UCUMOCTU OM COOMHOUEHUS UX BbICOMbL K
nponemy.  AHAAUBUPYIOMCS — NPeUMywjecmséd  YCUNCHUs. C600068 C  NOMOWbIO  APMUPOBAHUS
KOMROSUMHbIMU Mamepuaiamu. Jlaemes onucanue mexHoNOSUU NOBEPXHOCIMHOZ0 APMUPOSAHUSL
KAMEHHBIX KOHCHPYKYUU C NOMOUWbIO KOMNOZUMHBIX MAMEPUANOs8 HA NOIUMEPYECMEHMHOU Mampuye
FRCM (Fiber Reinforced Cementitious Matrix). Ilpusooumcs memoouxa IKCNEPUMEHMATbHBIX
UCCTIEO0BAHUTL MOOeNell APMUPOSAHHbIX U He apMUPOSAHHbIX ¢80006. Ha ocHose sxcnepumenma
NOKA3aHO, 4MO 2PDEKMUSHOCIL  APMUPOBAHUL C80008 NPeOONPedeisiemcsi 0COOEHHOCHAMU UX
HANPANCEHHO-0eOPMUPOBAHHO20 — COCMOSIHUSL U MEXAHUSMO8  paspyuwenus. B wacmuocmu,
aphexmusnocms apMuposanusl 803pacmaem C yeeaudeHueM OMHOUEHUsT 8bICOMbL C80008 K €20
nponemy. [annvie pe3yivmamsl 0OOCHOBAHBI MeM, HMO 8 8bICOKUX C800AX OOMUHUPYIOUee SHAUCHUE
uMeem COOMHOWEHUEe U3UOAIOUUX MOMEHMOE8 U NPOOJOTIbHBIX CUlL, d 8 CAyude NOJO2UX CB0008 6 UX
CeUeHUsIX OOMUHUPYIOM NPOOOJIbHbIe U NONEPEUHble CUMbl, d PA3pYUeHue NPOUCXooum 6 eude
CKANbIBAHUSL NO HAKNOHHBLIM ceuenusim. Taxoce dphghekmusnocms apmuposanus o3pacmaem npu ux
HeCUMMEMPUUHOM HASPYHCEHUU OMHOCUMENbHO cepedutbl npoiema. Tlo pesyribmamam ucciedosanus
ROCMPOCHbl  2pApUKU  3A6UCUMOCTIU  MAKCUMATIBHBIX — GEPMUKATIbHbIX — NEPEMEWeHutl 80008,
NOKA3LIBAIOWUX CYUWECMEEHHOE GIUSHUEC APMUPOBAHUS HA YeeaudeHue ux ycecmrxocmu. Kpome amozo
NOOUEPKUBACTNCS, YMO K HACMOAWEMY MOMEHMY Cyujecmeyem HeoOXo0umMocms 8 YCmouuueou meopuu
NPOUHOCU CONCHBIX KAMEHHBIX KOHCMPYKYUI — KPUBOIUHECUHBIX, CBOOUAMbBIX U OPYUX, HAXOOSUUXCA
6 CHOJICHOM HanpsiceHHom cocmosinuu. Ee nosenenue modcem cyujecmeenno ynpocmumos u
VHUGUYUpOsams pacuemul, NPOU3BOOUMbIe NPU 00CACO08AHUU KAMEHHbIX 30aHUl, COCMAGIeHUU
NPOEKMOs Ux pecmaspayuil U PeKOHCMpYKYuU, peuiums npooiemvl RPOYHOCTIU KIAOKU COBPEMEHHbIX
¢gacaomnvix cucmenm.

Knroueeswie cnosa: xamennvie C@Odbl, uwnmépuqecxue CSO()bZ, Hecywas cnocobrocme C60006,
ycujieHue KamMeHHblx 060()06, apmupoeanue KOMnOo3umHblMu mamepuaiamu.
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THE EFFICIENCY OF REINFORCING STONE VAULTS WITH
COMPOSITE MATERIALS

Abstract. The stone vaults of historical buildings are considered, which, due to a decrease in
bearing capacity, require repair and restoration work. An analysis is given of the mechanisms of
destruction of cylindrical vaults depending on the ratio of their height to the span. The advantages of
strengthening the vaults with the help of reinforcement with composite materials are analyzed.
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A description is given of the technology of surface reinforcement of stone structures using composite
materials on a polymer cement matrix FRCM (Fiber Reinforced Cementitious Matrix). The technique of
experimental studies of models of reinforced and non-reinforced vaults is given. On the basis of the
experiment, it is shown that the effectiveness of the reinforcement of the vaults is determined by the
features of their stress-strain state and failure mechanisms. In particular, the effectiveness of
reinforcement increases with an increase in the ratio of the height of the vaults to its span. These results
are substantiated by the fact that in high arches the ratio of bending moments and longitudinal forces is
dominant, and in the case of flat arches, longitudinal and transverse forces dominate in their sections,
and destruction occurs in the form of shearing along inclined sections. Also, the effectiveness of
reinforcement increases with their asymmetric loading relative to the middle of the span. According to
the results of the study, graphs of the dependence of the maximum vertical displacements of the vaults
were constructed, showing a significant effect of reinforcement on increasing their rigidity. In addition,
it is emphasized that by now there is a need for a stable theory of the strength of complex stone
structures - curvilinear, vaulted and others that are in a complex stress state. Its appearance can
significantly simplify and unify the calculations made when examining stone buildings, drawing up
projects for their restoration and reconstruction, and solve the problems of the strength of the masonry
of modern facade systems.

Keywords: stone vaults, cylindrical vaults, load-bearing capacity of vaults, detection of stone
vaults, reinforcement with composite materials.
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