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ABSTRACT

Results of in-situ diagnostics of historical masonry obtained in various years are presented. Among these
there are some buildings listed in the UNESCO World Heritage such as the Moscow Kremlin
Annunciation and Archangel’s Cathedrals, “Ivan the Great” Bell-Tower, the Tsar-Bell pedestal, and some
other historical buildings in the centre of Moscow.

Requirements to diagnostics of such buildings were most stringent; hence only non-destructive testing
could be used for the purpose. We turned mainly to those methods which implied elastic waves (both
acoustic and ultrasonic) propagation in the media to be inspected; it allowed us to assess — though
indirectly — construction materials integrity and strength, as well as their anisotropy connected with
cracking and micro-cracking.

To be able to assess large areas, we used acoustic tomography; to locate moisture transfer routes inside
structures infrared thermography from structural surface was applied. In some cases we were permitted to
drill out cores, sometimes we were able only to drill small holes to look inside structures with the help of
endoscopes. Examples of inspection data processing and interpretation are given.

Our experience in diagnostics for many years allowed us to select most effective non-destructive (or
minimally destructive) techniques for both inspections prior to repair works and for repair quality control
which followed. Thus, structural investigation and assessment can by right be considered an integral part
of historical buildings repair and rehabilitation projects.

INTRODUCTION
From the viewpoint of structural diagnostics, in-situ inspection of brick- and stonework is often quite
challenging, because masonry in general can be described as a discrete and multicomponent medium.
Moreover, when we deal with historical and cultural heritage buildings, we’re facing still more
difficulties, because each of them is unique in its own way and should be treated with utmost care.
Wall thickness in such buildings can vary significantly, amounting to several meters. External and
internal surfaces of such walls are made of bricks; space between them is backfilled with crushed parts of
brick and stone with mortar.
To investigate masonry, an integrated approach is required; it implies: comparison of data obtained by
different testing techniques; local sounding; installation of instrumentation to monitor dynamics of all the
processes. Based on the analysis of professional publications and our own experience, most frequent tasks
for masonry diagnostics can be formulated as follows:
- to determine structural parameters of the masonry (presence/absence of lining, paint, plaster;
adhesion between different materials, their cohesion, relative position);
- to determine brick- and stonework integrity, presence of inclusions (metal/wooden ties) or cavities
(niches, openings, smoke ducts);
- to determine strength and remaining load-bearing capacity of bricks and stone blocks;



- to measure crack width and their movement on structural surface as well as how deep they
propagate within the masonry; their location with regard to areas of micro-cracking and
disintegration;

- to define porosity, moisture and/or salt in masonry materials, and capillary water absorption,
disintegration due to cyclic freezing-thawing, corrosion of embedded elements.

All these issues were analyzed in detail in (Shilin, 2009a).

The results obtained allow to estimate, whether structures and buildings can be accepted for further
operation or they have to be repaired; to set boundaries of required intervention for repair and
rehabilitation; to plan and design working procedure; to select appropriate repair materials and
techniques.

INVESTIGATION EXAMPLES (CASE HISTORIES)
Let’s consider inspection of some masonry buildings in Moscow in more detail.

The Annunciation Cathedral of the Moscow Kremlin is a cultural heritage site of the X1V century. We
inspected masonry of the central dome drum and the cupola itself (Fig.1a). Surfaces of walls covered with
paintings were extensively cracked (crack width up to 2 mm), there also were areas of paint peeling and
corrosion of wall fastenings. Max amount of defects of decoration elements were found on the southern
side of the dome drum. When we superposed maps of internal and external defects, we noted that their
locations almost coincided; thus we concluded that cracks went through the structure. However, the
thermography used after didn’t confirm that, as it detected no heat losses through the cracks (Fig. 1b-c).

Fig.1 The Annunciation Cathedral: a) central dome drum section; b) thermal image of the northern facade
(13,5 + 19,1°C); c) thermal image of drum decoration fragment (16,8+17,6 °C)

With the help of non-destructive testing we were to determine depth of cracks and their movement in the
central dome drum and the cupola. Crack width was monitored; monitoring results showed that crack
movement was induced by both deformations and temperature fluctuations (Fig.2). The cupola was
scanned with the use of a GPR, layer-wise, according to a grid pattern. Scanned images obtained showed
variations in plaster thickness (Fig.3a), which - compared to the map of defects (Fig.3b) - could be related
to areas of cracking and paint delamination. GPR scanning also detected metal structural fastenings, and
the design of rehabilitation works was amended respectively. Steel supporting elements of the cupola
were subject to pitting corrosion, depth of pits at the surface amounting to 1,5 mm. Cross-section losses
due to corrosion were as big as 10%. Generally speaking, there existed high risk to stability and safe
operation of the structure. The results of the described investigation made it possible to assess structural
serviceability and select most effective procedure of rehabilitation works.
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Fig.2 The Annunciation Cathedral: yearly measurement cycle of deformations and temperature in the
cracked area with a fiber-optic monitoring system
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Fig.3 The Annunciation Cathedral: a) map of plaster thickness variations; b) map of cupola defects
distribution

Another example of integrated diagnostic investigation of stonework was the Archangel’s Cathedral in
the Moscow Kremlin. The Cathedral was built as a burial place for Moscow Princes in the beginning of
the XVI century by Aloisio the New who was invited from Venice (Fig.4a). Special attention was focused
on the counterforts of the southern wall of the Cathedral located close to the steep slope of the Moskva-
river bank. The counterforts were constructed later than the Cathedral itself, in the second half of the
XVIII century, to stabilize deformation process in the Cathedral structures (Fig.4b). The aim of our
inspection was to state whether it was possible to enhance the Cathedral museum space by partial
dismantling of the counterforts. To investigate the masonry type and structure, we were allowed to drill
out cores in several points and then to view the inside with the help of an endoscope (Fig.4c). The results
revealed the following: limestone blocks from the outside, followed by a brickwork wall and then a
backfill from untreated limestone pieces and parts of crushed bricks held together by sand-lime mortar.
To assess structural integrity, acoustic tomography was used (Fig.4d). The tomography showed that the
structure was quite uniform and could be partially dismantled.

As the counterfort surface had been subject to precipitation for many years, it was essential to investigate
moisture transfer mechanism inside their structure. For this we had to determine porosity of limestone
lining blocks and backfill materials. It turned out that the limestone lining was highly porous: it had up to
25,6% of pores, the major part of which (20,3%) were open to water penetration; it was confirmed by
moisture retention test results (up to 9,5% in 30 minutes). The porosity of the backfill was less, it
amounted to 17,5% and 13,42%, respectively. Moisture retention test results were similar to the results of
the test for the lining blocks.
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Fig.4 The Archangel’s Cathedral: a) northern facades of the Annunciation and the Archangel’s Cathedrals,

general view; b) southern facade counterforts; ¢) drilled-out core sample; results of a depth-wise endoscopic

investigation; d) tomographic map of a horizontal structural section; scheme of acoustic waves propagation
(bottom); e) counterfort limestone water absorption graph



Fig.4e presents relationships showing water retention dynamics. Average strength of limestone lining
blocks was 11,4 MPa when dry and 9,8 MPa after wetting. Thus, the stone softening coefficient was 0,86,
i.e. its strength loss after wetting was equal to 14%.

To define actual moisture content as well as to locate embedded elements, a GPR probing of structures
was carried out. As the basic parameter of this technique — which is dielectric permeability of the
medium tested — highly depends on its moisture content, this parameter can be determined indirectly, for
example with the help of Lichtenecker equation:

é:ékwé Vl-W1

where ¢ is dielectric permeability measured by GPR ;
&« 1s dielectric permeability of dry brick and stone, equal to 4;
év Is dielectric permeability of water, equal to 81,
w is volume humidity.

After processing of all the data obtained in the course of our investigation, the following conclusions were
made:

- thickness of masonry (limestone lining blocks + brickwork) up to the counterfort backfill varied in
the range from 44 to 52 cm;

- strength of limestone lining was low, i.e. from 6,4 to 10,7 MPa (the registered strength value for
limestone quarried in Moscow area in the XV 111 — XIX centuries constitutes 28-31 MPa), stones
were not uniform. Besides, fagade stones were even weaker, as they absorbed a lot of water
(precipitation);

- minor embedded elements were found, which most likely were parts of metal structural ties. At
the time of the Cathedral construction, steel bands of 12x75 mm connected by steel pins were
used for the purpose;

- volume moisture content of the facade masonry amounted to 4,2-8,4%, i.e. medium wet to wet
condition.

The results obtained were taken as a basis to design the museum space enlargement with partial
dismantling of the stonework. Also a number of measures to dry the stonework were developed.

Similar package of works was carried out at “Ivan the Great” Bell-Tower, architectural masterpiece of the
early XVI century. Together with the Assumption Belfry and Filaret’s Annex, it forms a unique ensemble
in the centre of the Moscow Kremlin, one of the most widely known monuments in Russian history. Here
the main goal of rehabilitation was to design and implement a reliable system of waterproofing and
protection from precipitation, successfully implemented later.

Another famous monument in the Kremlin is the Tsar-Bell, cast by Russian foundry men in the XVIII
century. It rests on a pedestal assembled from quadra sandstone blocks, both strong (1200 kg/cm?) and
durable. Inside the structure is strengthened by an additional load-bearing brickwork layer. The stonework
and bricks are connected by metal ties, dowels, anchors integrated into a solid load-bearing structure
which was quite typical for massive structures of that time (Poleschyuk A., 1903). Major defects
(detrimental to further safe operation) were corrosion of external and internal metal ties, deterioration of
top layers of bricks and caulking material of stonework joints. Our investigation was focused on assessing
the state of brick wall and sandstone blocks, locating embedded elements and stating their relative
position (Fig.5a). Acoustic tomography was used to probe various layers of masonry with regard to the
ground surface level (Fig.5b). Lack of uniformity was detected in all the levels (Fig.5¢). Tomography
results were confirmed by the results of destructive testing: cores were drilled in several spots and the
inside of the structure was examined with the help of an endoscope. Lack of uniformity could be
explained primarily by excessive wetting of the lime mortar in brickwork joints up to its complete
softening at the interface with sandstone blocks as well as weathering of the mortar between them.



Besides, there was no waterproofing at the contact between the bell and the pedestal, water (both rain and
snow) penetrated inside the pedestal and accumulated there for long periods of time, having no exit due to
the absence of drainage. Moreover, chlorides (from deicing salts used in winter-time) penetrated the lime

mortar of brickwork and boosted corrosion of metal ties.
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Fig.5 The Tsar-Bell: a) general view; b) wave receivers inside the pedestal; c) tomographic maps of
horizontal masonry cross-sections

Based on the results of our diagnostic investigation, the following amendments were introduced into the

repair design:

- mandatory sealing of joints between sandstone block wall and the blind area around the pedestal,
arranging drainage systems both outside and inside the pedestal, to protect bricks and stones from
precipitation with vapour-proof materials, to substitute “salted” mortar by a fresh one;

- repair of brickwork to be performed in bays with installation of additional ties made of corrosion-
proof materials, such as carbon and glass fibres;

- sealing of the interface between brickwork and stonework, substituting softened mortar by a fresh one
and making it waterproof.

After the respective amendments were made, the repair works provided reliable protection of the structure
with regard to the operational requirements. Detailed description of this project was presented in (Shilin,
2010).

One more example of masonry investigation is a historical building of the beginning of the XX century,
located in the very centre of Moscow, not far from the Kremlin; it belongs to the Pushkin State Museum
of Fine Arts and has a status of a cultural heritage site (Fig.6a). At the moment repair and reconstruction
works are underway there. There are lots of settlement cracks in the load-bearing external walls of the
building: from hair cracks up to cracks of 8-10 mm wide. Part of the cracks has appeared quite recently,
due to construction works carried out nearby.



Fig.6 A house built in the beginning of the 20" century: a) general view; b) thermographic image of a
wall

Main aim of diagnostics was to get detailed reliable data on structural state and adjust accordingly the
design of injection treatment of masonry.

Investigation consisted of visual inspection, drilling of cores to be tested in the lab, and non-destructive
testing on site. The latter in their turn included: Schmidt hammer tests to define strength of bricks and
mortar; tests to determine brickwork moisture content by high-frequency method; thermal imaging of
wall surface (Fig.7), ultrasonic tomography (Fig.8a), acoustic probing, i.e. basic set of non-destructive
techniques (Binda & Saisi, 2009).
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Fig.7 A house built in the beginning of the 20" century: a) radial ultrasonic scanning of brickwork; b)
time-distance plots for longitudinal elastic waves (travelling time vs distance between transducers); c)
radial measurement points; radial wave pattern; determination of dynamic E-Modulus



The results obtained allowed to assess general state of brickwork walls, their porosity, moisture content,
integrity and, based on these, to select appropriate injection parameters, adjust W/C of cement-based
grouts and viscosity of polymer-based products. In particular, to improve penetration of cement-based
grouts, the amount of water required for pre-wetting of brickwork at each packer was determined (Shilin,
2009b & Guidelines, 1984).

Then several areas were chosen for trial injections with 4 different products, three of which were cement-
based and the fourth one was based on polymers.

After trial injections were accomplished and the injected products gained enough strength, quality of
injections was checked first by the same non-destructive techniques which were used for structural
diagnostics (ultrasonic tomography, acoustic probing, etc.) and finally by drilling of cores from the areas
with injection-treated cracks (Fig.8b). The results of both non-destructive and destructive testing
confirmed that the brickwork was fully consolidated in the treated areas and met all the client’s
requirements.

Fig.8 A house built in the beginning of the 20™" century: a) cores drilled-out along a crack from the
brickwork strengthened by injections; b) results of volumetric ultrasonic tomography at one of the
sections

This successful job demonstrated once again the efficiency of an integrated approach to the project as a
whole and to each stage of it, including diagnostics, structural treatment and subsequent quality control.

CONCLUSIONS

- Integrated application of up-to-date techniques of non-destructive testing together with the
traditional methods (studies of archive documentation, visual inspection, sampling of structures)
at the unique cultural heritage sites such as the Moscow Kremlin and historical buildings in the
centre of Moscow provided most detailed results of structural state of brick- and stonework.

- Integrated investigation allowed to determine in detail structural parameters of the buildings,
actual state of structural elements, to locate areas of deformations and destructive processes.
Residual load-bearing capacity with regard to the existing defects was assessed, especially of the
critical areas of brick- and stonework with a lot of cracks.

- The results obtained made it possible to develop design solutions for each building, based on its
specific features, to select appropriate repair/rehabilitation techniques and materials. Non-
destructive testing added more details to the results of traditional inspection methods to fine-tune
engineering solutions.



Thus, we can conclude that integrated approach to investigation of historical buildings leads to
successful high-quality implementation of repair/rehabilitation works and provides their safe and
reliable operation for future generations.
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[Iunun A.A., Kupunenko A.M., 3naiuenko I1.A
3A0 «Tpuana-Xonauury, r. MockBa

OonbIT UBYHEHUA KUPTTUYHBIX U KAMEHHbIX KTAAOK UCTOPUYECKUX
30AHWUI B I.MOCKBE IN SITU

AHHOTALIUA

B OaHHOU nyb6nukayuu paccmMompeHsl Hekomopeole pe3ysibmdmesl UCC/Ie008AHUU KUPNUYHbLIX U
KAMEHHbIX K/1dOOK 8 HAMYPHbIX YC/I08UAX, NOJlydeHHble 8 pda3Hble 200bl. Cpedu 06C/1e008aHHbIX
obvekmos makue 3Ha4yumele 8 Poccuu coopyxeHus, Kak xpamel Mockosckoeo Kpemns:
bnazoseweHckul, ApxaHeenockuld u KosnokoneHsa WeaHa Benukozo, nocmameHm L{ape-Kosnokona,
HEeCKOJIbKO ucmopu4eckux 30aHuli 8 yeHmpe Mockaebl. Bce pabomel 8 OCHOBHOM NpPoOBOOUSIUCHL
HenocpedcmeeHHO Ha 06vekmax u mpebosasnu 0cobo bepexHo20 K HUM OMHOWeHUs, N03MOMY 8e/lucCh
C UCNO/Ib308AHUEM HEPA3pywaruux Memoaoos, Uiu ¢ MUHUMA/TbHbIMU paspyuweHuamu. [pu usyyeHuu
KUPNUYHbIX U KAMEHHbIX K/I1dOOK 8 OCHOBHOM NPUMEHAIUCL MemooObl, OCHOBAHHbIE HA
pacnpocmpaHeHuu 8 usyyaemol cpede ynpyaux 80JIH (akycmudeckul u yempaszsykosoli), Komopsle
No0380J/1AI0M KOCBEHHO NOJy4UMb UH@POPMAYUI O CNIOWHOCMU U NPOYHOCMU CMpoumesbHO20
Mamepuana, oyeHuUMs» aHuzomponuro, CBA3AHHYIO C mpeuwuHo8amocmaoto u
MUKpompewuHosamocmelto. [na obwel OUeHKU 3HA4umesibHbIX NO NoWaou y4acmkos KaaoKu
NpuMeHaANnca MemooO dakycmuyeckol momozpaguu, a C NOMOWbIO MeNI08U3UOHHOU CbeMKU
NnosepxHOCMU  OnpedesiANuUCs Nymu 8/1a20NepeHoCa 8 KOHCMPYKUusax. B Hekomopeix ciydasax
NnposoousIUCe pabomsl NO AsIMA3HOMY BypeHUr KOHCMPYKYul ¢ omb6opom obpa3yos-KkepHos8, U No
oCMOmpy 8HYMPEHHe20 COCMOAHUA KAAoKu onmuyeckumu 3HOOCKonamu. B cmamee npusedeHol
npumepsl 06pabomku U UHMepnpemayuu NoJsy4eHHbIx 8 xode 06¢cs1ed08aHuUll pe3ysibmamos.

HakonneHHelli oneim no3sosun  nodobpame Haubonee >3¢hdekmusHbili KOMNIEKC Memooos
Hepaspywarouje2o KOHmMposa O NnpogedeHUs npeodsapAluezo pemMoHm 06c/1e008aHUA U
nocnedyrouje2o KOHMpOJA 3d Ka4ecmeoM peMOHMHbIX pabom, Komopwlli 0aem 803MOXHOCMb
obecneyeHUs onMUMAsIbHO20 cnNocoba 80CCMAHOB/IEHUA U KOHCOAUOAUUU KAaoku u onpedesieHuUA
cmoumocmu npogedeHus pabom.

BBepeHme

N3yueHne KMpNWYHOM M KaMEHHOW KNaJoK B HATYPHbIX YCNOBUAX — AOCTAaTOUYHO
CNOXHaA 3afjaya C TOYKM 3PEeHUA [UArHOCTMKU COCTOAHMA CTPOUTENbHbIX KOHCTPYKUUN,
NOCKOJIbKY KNagKn ABAAIOTCA [UCKPETHOM W MHOrOKOMMOHEHTHOW cpefon. TonuwuHa
KOHCTPYKLUUIN TaKUX KOHCTPYKLMIA OObIYHO 3HauuTenbHa (06blYHO o 75-150 cm), HO MOXeT
[OXOAUTb A0 5-6 M. Kpome TOro, B LEHTPEe MACCUBHbIX KOHCTPYKUUI OBbIYHO BbINONHAETCA
3abyToBKa 13 60A KNPNMYaA N KAMHA, MPOSTIMTOrO PAacTBOPOM.

Korga ke peuyb unaer 06 WCTOPUYECKMX 3[AaHUAX, BO3HUKAKOT [OMOJSIHUTENbHbIE
TPYAHOCTM, TaK KaK KaXAblll 0OBEKT MCcCnefoBaHNA YHUKANEH B CBOEM POAe, 3TO 34aHMA U

COopyXeHunA, npencrasaamwme LEHHOCTb U Tpe6yrou.|,|/|e ocobo 6epe>KHoro OTHoweHnA. Ana



pelweHna 3ajay Mo M3yyeHUA Knagku TpebyeTcA KOMMIEKCHbI noaxon: obsasaTenbHoe
COMOCTaBfieHMe Pe3ynbTaToB, MONYYEHHbIX Pa3HbIMU MeTOJaMU, NoKalbHOEe 30HAMPOBaHUeE,
YyCTaHOBKa CCTEM MOHUTOPUHIa ANA OTCNeXUBaHUA guHaMnkm npoueccos. OCHOBHble 3agaun
npwv NCCNefoBaHUY KNagoK N3 KAPNVYa U KaMHA, C KOTOPbIMU NPUXOAMUTCA CTaIKMBaTbCA yalle
BCero, cnepyowyne:

e onpeaeneHne KOHCTPYKTUBHbIX CBOMCTB KNagKku (Hanuume unu otTcyTcTere o6/mLoBKY,
Kpacku, WTYyKaTypKKW, BeNMYMHa aares3vn 1 Koresuu, BMAbl MaTepuvana ciarawouue
KnagKy, X B3aMopacrnosnoXeHune n T.n.);

e onpegeneHne CMAOWHOCTM KAAAKW W HaAuuMe B Hel pPasfiuyHbIX BKIIOYEHUN
(MeTannnyecknx TAr N CBA3eW, NMUPOHOB, AEPEBAHHbIX 3aKNafHbIX, TEXHONOrMYEeCKNX
HWLL, NPOeMOB, AbIMOXOAOB U T.4.);

e onpegeneHne NPOYHOCTU KUPMMYa, KAMHA U pacTBOPa, OLEeHKA OCTaTOYHOW HecyLlein
CNocobHOCTN KNagKu;

e onpefeneHve LWNPKHbI PAacKpbITUA TPEWWH Ha MOBEPXHOCTU KNafdkW, UX rnyouHbl,
MeCTOpPacCnosioXKeHne B Tene KMagKku, pacrnofioXeHue 1 NMpmBA3Ka K TpelmHam 30H
MUKPOTPELNHOBATOCTU 1 Pa3apo6NeHHOCTM KNaaKku;

e onpegeneHne MNOPUCTOCTN, BNAXHOCTU W  3aCONEHHOCTU  KNafKW, BeNYMHbI
KanunnapHoOro Nogcoca, niowaan 1 rnybuHbl 4eCcTPyKTUBHbIX pa3pyLUeHUn BcneacTemne
BO34EeNCTBUA LMKIOB 3aMOPaXXNBaHNA-OTTaMBaHWA, KOPPO3MKX 3aKagHbIX 31eMEHTOB 1
T. 4. (3TW BONpOChl NoapobHO paccmoTpeHb B [1]).

MonyyeHHble NpY pelleHnn NOCTaBAEHHbIX 3a4ay 06cnefoBaHWA pe3ynbTaTbl Cay»KaT
OCHOBOW [AN1A OLEHKWU 3SKCMayaTauMOHHOW MPUroAHOCTU, ANA onpefeneHns Heobxoammoro
pecTaBpaLMOHHOro BMeLlaTeNbCTBa M €ro HanpaBfeHHOCTU, AS1A COCTaBeHMA MPOEKTOB MO
BbIMOMIHEHMIO PEMOHTHbIX U pecTaBpaLVOHHbIX paboT, Bbibopa MaTepuanos 1 TEXHONOMNN KX
npoBefeHus.

Mpumepbl nccnepoBaHnin

BnaroBeweHckmit cobop MockoBcKoro Kpemnsa - naMATHUK UCTOPUN 1 apxuTekTypbl XIV
B. O6beKTOM MCCneqoBaHMA ABNANACh KMPNUYHAA Knafka LeHTpanbHoro 6apabaHa u Kynona
cobopa (prc.16). Ha noBepXHOCTU KOHCTPYKLUUI HabnogaroTCA MHOrOUMCIIEHHbIE TPELUHbI MO
XUBOMNCHBIM KapTMHAM C MAaKCUManbHOW LWMPUHON PAcKpbITUA [0 2 MM, LeNylleHNe KpacKuy,
OTMeuYeHa KOppOo3MA CTalbHbIX 3NE€MeHTOB KpenneHusa. Hanbonbliee KonnuectBo AedekTos,
CBA3aHHbIX C pa3pyweHnem 6enokaMeHHbIX YKpaleHUN MPUypOYEHO K HXKHOW CTOPOHEe

6apabaHa.  [pwu conocTtaBneHn feheKTOBOK OTMEUEHO, YTO TPELLMHbI BHYTPY GapabaHa no



COMPAXEHMIO C KYMOJIOM PAaCnoOXKeHbl MPakTUYeCKn Ha OQHOM YPOBHE C TpewmHamu B
Hapy>HOW YacTu CTeHbl MO BepxHemy nosAcy. Mo 3Tomy, Obin chenaH BbiBOA, YTO AaHHble
TPeLWmHbl HOCAT CKBO3HOW XapakTep. OfHako, pe3ynbTaTbl TEMJIOBU3MOHHOW CbeMKW He
BbIABUJIM TEMJIOBbIX MOTEPb Yepe3 TPeLMHbI, ClefoBaTeNIbHO TPELLMHbI He CKBO3HbIe (puc.1a).
3afjaya UCCNefoBaHUI  HepaspylawwWwyMy  MeTOAaMM Takke CoCTosana B onpeeneHun
rnyovHbl N OMHAMUKM PAcKpbITUA TPEeLWWH B Kyrnosne 1 B rnaBHom b6apabaHe. bbin nposeaeH
MOHUTOPWIHI N3MEHEHUA WNPUHbI PAaCKPbITUA TPELWNH B KOHCTPYKLUMAX, KOTOPbIN MOKa3an, uTo
TPELMHbI HOCAT TemnepaTypHO-AedopMaLMOHHbIN XapakTep (puc.1a). ccnegosaHua Kynona
6bI1 NpoBeAeHbl reopPaANONIOKALNOHHBIM Hepa3pyLaloWmMM METOAOM KOHTPONA MO CeTKe
npodwunen. B pesynbTaTe nonyyeHbl pa3BepTKU Kyrnosna, NOKasbiBalowWwme n3MeHeHe TONLWUHbI
WTYyKaTypHOro nokpbitua (puc.18). ConocTaBneHue pe3ynbTaToB reopagnonoKaLMOHHbIX
nccnefoBaHUn ¢ aedpeKToBOYHON BeAOMOCTbo (puc.1r) nokasano, YTo M3MeHeHMe TOMLWMHbI
WTYKaTYPHOro MOKPbITUA CBA3AHO C €ro NOBbILWEHHON TPELMHOBATOCTbIO U OTCIIOEHNEM OT
Knagku. B xope nHTepnpetaumm nonyyeHHbIX MaTepuanos Takxke 6bino BbiABMEHO Hanuuve B
KOHCTPYKUMAX KpenexHbIX MeTajyINYyeCcKUX >S/1IeMEHTOB - K/laMMepoB, 4YTO MO3BOAWUIIO
CKOPPEKTUPOBATb MPOEKT pecTaBpaLMOHHbIX paboT. Bce cTanbHble cTponuna rnaebl 6apabaHa
noABep»KeHbl A3BEHHON KOpPPOo3uK. [10 MOBEPXHOCTUN CTasibHbIX 3N1IEMEHTOB OTMEYAOTCA A3BbI
rnyéuHo go 1,5 mm. MoTepsa ceyeHuA B pesynbTaTe Koppo3um coctaBuna go 10 %. Ha
OCHOBaHWM JaHHbIX 00OCNefoBaHUA  METASNTIOKOHCTPYKUMM  CTponuia  Oblnn  yCUMEHbI.
MNonyyeHHble pe3ynbTaTbl Aann BO3MOXKHOCTb OLEHWUTb 3SKCMyaTauUOHHYK MPUrofHOCTb
KOHCTPYKUUI, nogobpatb Hanbonee 3pPpeKTBHbLIN CNOCO6 BefeHNA pecTaBpaLmn.

Jpyrum npumepom MpPOBEAEHUA KOMMIEKCHOro 06cnefoBaHMA KaMeHHOW KNnafKku
MOTYT CNyXuUTb paboTbl No ApxaHrenbckoMmy cobopy MockoBckoro Kpemns, KoTopbii 6bin
Bo3BefeH B Hauane XVI B., npurnaweHHoim 13 BeHeuun apxutektopom Anesnso HoBbiM, Kak
ycbinanbHULUa uapen MocKoBCKoM npasAwen aguHacTum (puc.2a). B ApxaHrenbckom cobope
06bEeKTOM N3yyeHNa ABNANNCH KOHTPGOPCHI CO CTOPOHbI 0XKHOro dacaga 6nvxe K 6eperosomy
CKINOHY, KoTopble Oblin coopykeHbl BO BTopow nonosuHe XVIII Beka ana crabunusauum
pedopmaumin B KOHCTpyKumax cobopa (pnc.26). ObcnepoBaHvMe nNPOBOAWNOCH C  LENbio
060CHOBaHMA BO3MOXHOCTM YBEIMYEHNA MY3€MHOro MNPOCTPAHCTBA 3a CYET YaCTMYHOWN
pa3bopKM KOHCTPYKUUN KOHTPpdOpcoB. [NA YyTOUHEHMA TUMNa KNagKU COOpPYXKeHui 6bino
npoBefeHo OGypeHMe ¢ OTOOPOM KEpPHOB W 30HAMPOBAHUE B HECKONbKUX MeCTax, OCMOTP
WNYpOB C MOMOLLbIO 3HAOCKOMA (pWUC.2B). YCTaHOBNEH COCTaB KOHCTPYKUUMW: CHapy»u
06nmuoBKa 6nokaMu N3BECTHAKA, AaNee KUPNUYHasa CTeHKa U Aanee BHYTPeHHee 3anonHeHne

KOHCTPYKUNN HETECAHbIM N3BECTHAKOM Ha M3BECTKOBO-NeCHYHaHOM pacTtBope C ﬂ06aBJ'IeHI/IeM



6utoro Kupnuya. [Ina OueHKM CMMOWHOCTM KOHCTPYKUMN KOHTpdOopca NpUMEHANCcA MeToq
cencmmuyeckon Tomorpadum (puc.2r). B pesynbtate yCTaHOBMEHO, YTO KrafkKa OTHOCUTENbHO
OQHOPOAHAA U BO3MOXHa ee YacTnyHana pasbopka.

MoCKONbKY NOBEPXHOCTb KOHTPPOPCOB B TEUEHUM OUYEHb AONITOr0 BPEMEHU He Obina
3alyMuieHa OT aTMOCdepPHbIX 0CaAKOB BaXXHO OblIO onpeaennTb KMHETMKY BRaronepeHoca B
KOHCTPYKUMAX. B 3Tom ¢BA3M onpepenAnacb MOPUCTOCTb WU3BECTHAKOB OOMMLOBKU U
BHYTPEHHEro 3anofiHeHnsa KOHTPGOpPCoB. B pe3ynbTaTte yCTaHOBNEHO, UTO M3BECTHAKN OYEHb
nopucTble, o6Wana NOPUCTOCTb KaMHA OONMLIOBOYHbIX 6110KOB cocTaBnseT 25,6 %. bonblas
yacTb nop (20,3%) OTHOCUTCA K OTKPbITON MOPMUCTOCTM (KanunnapHOM M HeKanunnsapHom),
NErko NPOHULAEMON ANA BOAbl, YTO MOATBEPXKAAETCA KMHETUKOW BnaroHakonseHua (3a 30
MUH. 0o 9,5%). [InA M3BECTHAKOB BHYTPEHHEro 3anosiHeHMA 06Lana MOPUCTOCTb HECKONbKO
MeHble n coctaBndaet  17,5%, OTKpbITad MOpPUCTOCTb cocTaBnaeT 13,42 %. XapakTep
BflaroHaKonaeHus aHanornyeH obpasyam o6MLOBOYHOIO KaMHH.

Ha pwc2g npuBedeHbl  3aBMCMMOCTM, OTpakalowwme AMHAMUKY  npouecca
BOAOHACbILLEHMA 6eN0oro KamHs KOHTPHOPCOB.

MPOYHOCTb M3BECTHAKA OONMMLIOBOYHBbIX GNIOKOB B CYXOM COCTOAHWUW COCTaBAAET B
cpegHem 11,4 MlMa, a B BoAgoHacbIWweHHOM coctossHUM 9,8 MIMa. Takum 06pa3om, KoadpdurumeHT
pa3mAryeHna nopopbl paseH 0,86, T.e. noTepa NPOYHOCTM NPU HAMOKaHUK paBHa14%.

C uenbio onpepeneHns GaKTUYECKOW BIAXXHOCTM BHYTPU KOHCTPYKUUIM M MOMCKa
3aKMafHbIX 3/1EMEHTOB OblNM NPOBeAEHbl NCCNEeAOBAaHNA FeopPagMONOKaLNOHHbIM METOLOM.
[MockonbKy OCHOBHOM  M3MepsAeMbl MapameTp 3TOro  MeToAa-  AudNeKkTpuyeckas
NPOHMLUAEMOCTb Cpefbl CyLEeCTBEHHO 3aBUCUT OT ee BJIAXKHOCTM, BO3MOXHO KOCBEHHOe
n3MepeHre 3TOro napameTpa, Hanpumep no ¢opmyne JlnxreHekepa:

€=¢ e
,TOe €-3HayYeHue ANINEKTPMYECKON MPOHULAEMOCTU MO AaHHbIM reopajapa;
E-ONaNEKTprYECKaa NPOHNLIAEMOCTb CYXOro KMPMnYya 1 KamHA - 4;
€-ONaNEKTprYeCcKasa NPoOHMLAEMOCTb BoAbl — 81;
W- 06beMHasn BNa)KHOCTb.

Mo pe3ynbTaTtam 06pPabOTKM BCeX AaHHbIX, MOMYYEHHbIX Npu obcnenoBaHMK Gbinu
CAenaHbl cnegytouue BbIBOAbI:

e onpeaeneH AManas’oH W3MEHeHUA TOMWMH Kagku n3 ob6NnMLOBOYHOrO W3BECTHAKA U

KMpnuya fo BHYTPEHHErO 3amnosfiHeHNA KOHTPdOpPCa, KOTopbii Konebnetca ot 44 no 52 cw;



e Oenbll KaMeHb OONNLIOBKM MMEET HU3KYH0 NPOYHOCTb 6,4 — 10,7 MIa (KagacTpoBoe 3HayeHune
NPOYHOCTN ANA U3BeCcTHAKOB MNoaMocKkoBbs, pa3spabaTbiBaembix B XVIII — XIX BB., cocTaBnaeT
28-31 MIla), oTnnYaeTca 3HAUYMTENbHOW HEeOAHOPOAHOCTblo. Kpome Toro, mo ¢acagHom
CTOpoHe 6enbii KamMeHb 6Oonee ocnabneH 3a cyeT aTMOCHEpPHOro BO3JAENCTBMA —
YyCTaHOBMEHO, YTO OH 06nagaeT XopoLen MMrPOCKONUYHOCTBIO;

e onpefeneHbl MenKkuMe 3aKfnagHble 3feMeHTbl, KOTOpble  BepoATHEW BCero ABAAKTCA
KOMMOHEeHTaM/ MeTannmuyecknx cseasen. [nAa cBA3enM MCNonb3oBany MNOSIOCOBYO CTallb
pa3smepom 12x75 MM, yKnagbiBaemyio Ha pebpo. CBA3U coefuHEHbl BepPTUKaNbHbIMM
CTaNbHbIMW WITbIPAMMY;

e 00beMHOE coflepXKaHue Bnarn B Knagke no ¢pacagHom yactu coctasnset 4,2-8,4 %. Knagka
6enoro KamHa no ¢gacagy Haxo[MTCA B CpefiHe-BIaXKHOM U BIAXKHOM COCTOAHUMN.

MNonyyeHHble B pe3ynbTaTe 060CNefoOBaHMA [aHHble MOCAYKUAN OCHOBOW AN
pa3paboTKn MpoeKTa YCTPOMCTBA 3KCMO3MLMOHHbIX MOMELLEHUN C YacTUYHOW pPa3bopKom
KNafKkn KOHTPPOPCOB 1 NpoBeAeHEM MEPOMPUATUIA NO BbICYLLUNBAHNIO KNAAKWN.

AHanornuHbln Komnnekc pabot 6bin1 npoBegeH no KonokonbHe MBaH Benuknin -
NamMATHUKY apxmnTeKkTypbl Hauana XVI Beka. Bmecte co YcneHckon 3BoHHULEeN n GunapetoBon
NPUCTPOKoN KonokonbHA obpasyeT KOMMNEKC aAPXUTEKTYPHbIX MAMATHUKOB LUMPOKO
M3BECTHbIX B uctopun Poccun. B pesynbrate obcnefoBaHus paspaboTaHa M BbIMOSIHEHA
cMcTemMa rMapPOU3ONALMOHHON 3alUMTbl COOPYXEHUN KOMMMeKca, MO3BONAWAA CHU3UTb
BNA*KHOCTb KOHCTPYKL M KNagKu.

Llapb-Konokon - namATHUK pycckoro nutenHoro mnckyccresa XVIIl Beka. YcraHoBneH Ha
NOCTaMeHT "3 KBafpOBbIX KaMHeW MPOYHOro (MPOYHOCTb Ha COkKatme =~ 120 MIa) n
[AONITOBEYHOro necyaHmka. BHyTpu NoCTaMeHT yCcuneH JOMNOSHUTENbHbIM OMOPHbIM HeCyLUM
MOACOM KMPMMUYHONM Knagku. CBA3M KBaAPOBbIX KaMHen mexay coboi 1 ¢ KUPNNYHOW KnagKom
BbIMOJIHEHbI TUMOBbLIMUA AeTanaMK (MeTaninyeckne CKoObl, MUPOHbI, aHKepbl) B BuAae
0O6BbEMHOro ycuneHus, Kak 3To 6biN10 MPUHATO B MACCUMBHbIX coopykeHuax [2]. OcHOBHoM
npobnemon JdanbHeNnwWen 3SKCnyaTauum MNOCTaMeHTa, ABNAETCA aKTMBHAaA KOppo3uA Kak
HapyXHbIX, TaK W BHYTPEHHUX MeTa/NINYeCKuX CBA3eN, paspylleHne BepXHUX CI0eB
KMPNUYHOMN KNAagKM N MaTepuana YekKaHKW LIBOB KaMeHHOW KnagKku. 3agayn uccnefoBaHUA:
onpepeneHne obLWero COCTOAHUA KUPMUYHOW BHYTPEHHEN CTEHKU M OCHOBHOW KNagKu w3
KBaZpOBbIX KaMHeWN, MOUCK CKPbITbIX 3aKNafgHblX 3/1eMEHTOB U onpefeneHne Mx rnonoKeHua
OTHOCUTeNbHO Apyr Apyra (prc.3a). bbiny npoBedeHbl akycTMyeckne nccnefoBaHna Knagku no

meToly ToMorpaduv Ha pasHbIX YPOBHAX OT MOBepxHOCTM 3emnu (puc.36). B pesynbrate



caenaH BbiIBOA O OONMbLION CTeneHn HeoAHOPOAHOCTU KiagKu, MPUYEM HeOQHOPOOHOCTH,
BbIIB/IEHHbIE B BEPXHEM YPOBHE, MPOC/IEXNBAIOTCA Ha CPeAHEM U HUXHEM YPOBHAX (prc.3B).
MonyuyeHHble pe3ynbTaTbl ObIIM NOATBEPXKAEHDI B pe3ynbTaTe OypeHusa OTBEPCTUN M OCMOTPaA
KnagKkyu M3HYTPM C MOMOLLbI 3HAOCKOMA. BbiABNEHHYI0 HEPOAHOPOAHOCTb KMafKM MOXKHO
0ODbACHUTL B MEPBYI0 oOuyepeab UYPe3MepHbIM YBMAaXXHEHMEM W3BECTKOBOrO KNajgouHOro
pacTBopa BMJIOTb AO €ro MOJIHOrO PACKMCAHMA B 30HE KOHTAKTa C KBafpOBbIMU KaMHAMU, a
TaKXe OTCYTCTBMEM WM BbIBETPMBAHUEM PAcTBOpPA B LUBAX COMPAXKEHUA KBAAPOBbIX KaMHEN.
Takoe yBnaHeHMe CyLIeCTBEHHO YCYyrybnaerca OTCYTCTBMEM TMAPOU3ONALUMK MO KOHTYpY
NPUMbIKaHNA KOJIOKONa K NMOCTaMeHTY, 3aTeKaHMeM BOAbI B LIBbI KNagKW, 3aTeKaHeM BOAbl 1
HaKOM/IEHNEeM CHera BHYTPM MOCTaMeHTa, OTCYTCTBMEM ApeHa)a BOKpyr Hero. CywecTBeHHO
yXyOLWaeT CIOXKMBLUYIOCA CUTYaL Mo Hannume xi1opugoB B M3BECTKOBOM PacTBOPE KNPMUYHON
Knagku, NPMBHOCMMOE B 3MMHEEe BPEMSA, YTO MHTEHCUPULUMPYET NPOTEKAHNE KOPPO3MOHHbIX
NpoLeccoB B MeTa/NIMYECKNX CBA3AX. B pesynbTaTe 06cneqoBaHnA MOXHO CAenaTtb cnegytouue
BbIBOAbl, MO3BOJIMBLUME CKOPPEKTUPOBATL NPOEKT pecTaBpaLiOHHbIX paboT:

® /IMeWLAACcA CUCTEMA METANINYECKMX S/IEMEHTOB CKpersieHMAa MnocTaMeHTa B
efVIHYI0 HEeCYLLYI0 KOHCTPYKLMIO ABNAETCA Hepa3bopHo;

e o0A3aTeNbHbIMX YC/IOBUAMU PEMOHTA CriefyeT CYMTaTb repMeTr3aunio CTbIKOB
(WBOB) CcONpAXeHUA KBaApPOBbIX KAMHEWN CTEH M OTMOCTKM, YCTPONCTBO ApeHaxa
CHapyXu 1 BHYTPW MOCTaMEHTA, 3alUTYy KUPNUYa U KaMHA OT aTMOChepHbIX
BO3[eNCTBUIM NaponpoOHULAEMbIMA COCTaBaMK, 3aMeHY 3aCONIeHHOro pacTBopa
Knagku;

® PEMOHT KUPMUYHOW KNagku cnefgyeT BbIMOMHATb 3axBaTKkamMy C YCTaHOBKOWM
AONOJTHUTENbHbIX CBA3EM U3 KOPPO3MOHHOCTOMKMX MaTepuanos (yrnennactuk,
CTeKNonnacTuk);

e 30HY KOHTaKTa KMPMWYHOW KNafjKM C KaMHeM cregyeT YMIOTHUTb, 3aMeHUB
PacKUCWNA  M3BECTKOBbIA  PacTBOP Ha HOBbIM K obecneunmB emy
BOZOHENpPOHNLLAeMOCTb.

Pa3paboTaHHbIN C yueTOM MaTepuranoB o0bcnefoBaHNA NPOEKT pecTaBpauuy No3Boan
yuyecTb BCe 0COOEHHOCTM MaMATHMKA, 3alUTUTb ero OoT BO3AeNCTBUA aTMochepHON Bnarn u
obecneunTb BCe 3KcnnyaTauMoHHble TpeboBaHMA. OnucaHve paboT MO BOCCTAHOBMEHUIO
noctameHTa Llapa-Konokona B r.MockBe npefcrasneHo B [3].

Ewe ogHMM nprvmepom ob6cnefoBaHUA KaMeHHOW Knagku ABNATCA paboTbl No 34aHN0

Hayana XX Beka B LeHTpe MockBbl no 3HaMeHCKOMy nep., Aom 8, KOTOpPOE BXOAUT B KOMIMNEKC



3gaHun TMUN nm. A.C.MNywKnHa 1 ABNAETCA NaMATHUKOM apXUTeKTypbl (prc.5a). B HacToawmin
MOMEHT BefyTcA paboTbl NO ero pectaBpauuv U PEKOHCTPYKUUWU. BHelWwHMe Hecywme CcTeHbl
30aHUN MEIT MHOKEeCTBO OCaflOYHbIX TPELUNH Pa3INYHOW WNPWHbBI PACKPbITUA: OT BONOCHbIX
[0 TPELVH CO 3HAUMTENbHbIM pacKkpbiTuem (0o 8-10 MMm), 4aCTb 13 KOTOPbIX BO3HMKIIA HEAABHO
B pe3yfbTaTe BeAeHUA PALOM CTpPoUTenbHbIX paboT. O6cneqoBaHNA MPOBOAUINCL C LIENbio
KOPPEKTMPOBKN MPOEKTa MPOM3BOACTBA PabOT MO MHBEKUMOHHOMY JledeHuio Knagku. Ona
3Toro 6binn  BblOpaHbl KOHTPOJIbHbIE YYaCTKM, Ha KOTOPbIX MNPOBeAEeHO [AeTalbHoe
o6cnenoBaHMe KNagky 1 BbIMOSIHEHbI MPOOHbIE UHBEKLUMOHHbIE PaboTbl C UCNOSIb30BaHMEM
yeTblpex BMAOB MaTepuanoB M3 KOTOPbIX TPM COCTaBa Ha LEeMEHTHOW OCHOBe M OAWH — Ha
NosIMepPHON.

BbinonHeHO KomnnekcHoe o6cCnefoBaHMe KNafKy, BKIOYalOWEE OCMOTP KOHCTPYKLUNA,
KOHTponbHOe OypeHne ¢ oT6opoM 00pasuoB-KepPHOB AnA abopaTopHbIX WCNbITAaHUA 1
WHCTPYMEHTalIbHble  KUCCedoBaHWA  Hepaspywawowmmm  Metogamn.  VIHCTpymeHTanbHble
NCCNefoBaHMA BKAOYaNW: CKNepomeTpuyeckme MCNbITaHUA KAPMMYa U KNagouyHOro pacrtBopa,
onpegeneHve  BAAXHOCTU  KMAgKW  OUDIbKOMETPUYECKUM  MEeTOAOM,  TennOBU3NOHHbIe
nccnefoBaHUA NOBEPXHOCTM CTEH (pUC.46), ynbTpa3ByKOBble NCNEf0BaHUA KNadKu CTeH (puc.4s-
n), Tomorpaduueckne (puc.dx) n BUOPOAKYCTUYECKME MCCNEAOBaHUA KNagKW, T.e. OCHOBHOM
Habop MeTOA0B Hepa3pyLIAIOLWNX UCNbITAaHUIA KNagKku [4].

KomnneKkcHble nccnefoBaHWa NMO3BONMUAM OLEHUTb obliee COCTOsAHME KNagKu Mo BCeMy
0b6beMy CTeHbl B Npefenax yyacTkoB 06C/neoBaHuMA, ee BOLOMPOHULAEMOCTb (CpegHee 3HauyeHne
BOAOMNOI/OLWEHNA NO Macce COCTaBuNo ana kupnuya 12,6%, ana pacteopa — 11,1%) , BNaXKHOCTb
(cpepgHee 3HauYeHMe BNAXXHOCTWU MO Macce COCTaBuio ana kupnuya 0,9%, ana pactesopa —1,8%),
NMPOYHOCTb (CpefHee 3HayeHMe NPOYHOCTU MPU CKATMK COCTaBMNO AnAa Kupnuya 7,0 MMa, ana
pactBopa - 2,6 MIla) ©“ CONOWHOCTL M B KOHEYHOM cuyeTe mnofobpatb napameTpbl
WHDBEKTUPOBAHNA, CKOPPEKTUPOBaTb BOAOLUEMEHTHOe OTHOWeHUA fAfA  MaTepuanoB Ha
LeMEHTHOWN OCHOBE 1 BA3KOCTb COCTAaBOB Ha NONMMepHON ocHoBe [5]. B yacTtHocTn, gna nyJywero
NPOHMKHOBEHMA LIEMEHTHbIX COCTaBOB ObIIO onpefeneHo HeobxoanmmMoe KONMYecTBO BOAbI AnA
npeaBapuTesibHOro JIOKanbHOMO yBNaXHeHWA Knagkuy (Npokayka Kaxgoro nakepa)(s, 6].

Mocne npoBeaeHMA NPOOHbBIX NHBEKTUPOBAHUI MO yYacTKam PasnYyHbIMM COCTaBaMu 1 NO
AOCTVXKEHMN UMW NPOEKTHOM MPOYHOCTM OblI BbIMOMHEHBI PabOoTbl MO KOHTPOSIO 33 KauyecTBOM
BbIMOSIHEHMA  VHDBEKTUPOBAHWUA, KOTOpble  3aBepwuincb OoTbopom  06pa3LoB-KEPHOB,
BblOYpEHHbIX Yepe3 3anieyeHHble TpewmHbl (prc.4e) n NoKasaBLWMMN KOHCONMAAUMIO KnagKu.
BbINONHEHHDbI KOMMNNEKC MCCnefoBaHNN, KOTOPbIA BKAOYAN OCHOBHble MeTOAbl, MPUMEHEHHbIe

paHee (ynbTpasByK, YNbTPa3BYKOBYH Tomorpaduio, BMOPOAKYCTMKY), MOKasan 4To Kiafjka B



paroHe TPeLMH CKOHCONMAMPOBAHA 1 OTBEYaeT HEOOXOAMMbIM TPEOOBaHNAM 3aKa3uuKa.
MpoBeaeHHble MO3TanHO PaboTbl NPOAEMOHCTPUPOBaNN 3PPEeKTVBHOCTb KOMMIEKCHOro
nogxoda K AMArHOCTMKE, NEYEHMIO U MOCNefylowemMy KOHTPOJMO 3a KauyeCTBOM BbIMOJIHEHMSA

pabor.

BbiBOabI.

1. MNpuMeHeHMe KOMNAEKca COBPEMEHHbIX METOA0B HepaspyLllaloWero KOHTpoAA
COBMECTHO C MeToAaMM TPaauLMOHHOro obcnenoBaHMA (apXMBHbIE MCCNEa0BaHUS,
BM3ya/ibHaA AMArHoCTMKa, oTbop Npob) MCNONb30BAaHHOTO HA YHWKAJIbHbLIX 06bEKTax
MockoBckoro Kpemna UM NamATHUKaAX apxuTekTypbl MOoCKBbI MNo3BONseT ¢
HeobXxoaMMOM AeTaNbHOCTbIO MPOBECTU OLLEHKY COCTOAHUSA KaMEHHOW U KMPMUYHOWM
KNagKu nccnesyembix 06beKTOB.

2. MMpu NpoBeAeHUN KOMMIEKCHOro o6CcnefoBaHUA Ha KakOoM M3 UCCNeAO0BaHHbIX
0ObEKTOB Obl/IM  BbIABNEHbI €ro  KOHCTPYKTMBHbIE OCOBEHHOCTH, OnpeaeneHo
COCTOAIHWE KNAfKW U HanuumMe B HeM PasIUYHbIX BKAKOYEHWW, BbIABNEHbI 30HbI
Aedopmaumii M pacnpocTpaHeHUa AeCTPYKTUBHbLIX npoueccoB. Bbina nposegeHa
OLEHKa OCTAaTOYHOW HecyLLen CNocobHOCTU KNafKM C y4eTOM MMeLWMXCa AedeKToB,
B YaCTHOCTM TPELLMH. BbiaBNEHa AUHAMMKA LWMPUHBI PACKPbITUA TPELLMH BO BPEMEHM
M 30Hbl UX PACNPOCTPAHEHMA B TENE KNAOKMW.

3. Mony4yeHHble pe3ynbTaTbl MO3BOAMAM pPa3paboTaTb AeTasibHbli, Y4YUTbIBAOLLUI
NHAMBUAYANbHbIE OCOOEHHOCTM OObBEKTA, MPOEKT ero BOCCTaHOBAEeHUs, nopobpaTtb
COOTBETCTBYIOLLME MaTepuanbl U TEXHONOTMIO NpoBeaeHus paboT. Mpu nposeaeHUH
3TMX paboT MCNoNb30BaHME METOAO0B HEepaspyLUAOLLEro KOHTPO/A C YBE/MYEHHOM
AETaNbHOCTbIO B OOMNOJIHEHWE K TPAAULMOHHOMY KOHTPO/IO MNO3BOAMAO Ha
NOKANbHbIX  y4yacTKax BbINONHATb KOPPEKTUPOBKY MNPOBEAEHUA PEMOHTHO -
BOCCTAaHOBUTE/IbHbIX PaboT.

4. Takmm 06pasom, WCNONb30BaHME COBPEMEHHbIX METOA0B HepaspyLlatoLero
KOHTPO/IA Ha BCeX 3Tanax NpoBeAeHUs pecTaBpauuMy NamATHUKA NO3BOMAET PeLunTb
3aa4y ero KauyecTBEHHOro BOCCTAaHOBNAEHWs W obecneyeHns  OAUTENbHOM
COXPaHHOCTM.
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Puc.1 bnaroBelleHcknin cobop: a) pparmeHT pe3ynbTaToB TEMNIOBU3MOHHOW cbeMKn dacagoB 6) paspes no
LeHTpanbHoMy 6apabaHy; B) KapTa M3MEeHEHUA TONLWMHbI LUTYKAaTyPHOro NOKPbLITUSA; ) KapTa pacnpeaeneHns
nospexaeHun n nedbeKToB Kynona; a) pesynbTaTtbl FOLOBOMO LMKNA U3MepeHua gepopmaunin n Temnepatypbl
no TpeLyHam ONTOBOIOKOHHOW CUCTEMOI MOHUTOPUHTA

ApxaHrenbckmm

Kpnira+an K1a/3xa 1a U3BBCTROBO-NEC:aHOM

v

TpeuHs! W web! 8 KnaKe
13 6enoro kamHA Tpanuua mexay Benbim KamHem KMpNMuHaA KNaAKa Ha
W KMPNUMSHOR KNAaKOR 'H3BECTKOBO-NECHAHOM pacTeope

-l

MoBEPXHOCTL CTEHbI M P Teno koHTpchopca

Benkiit kameHb KnaaEm




BOAO! o6pa3uos matepnana
KoHTpd opca ApxaHresnibckoro Co6opa MockoBckoro Kpemns
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Puc.2 ApxaHrenbckuin cobop: a) obwmii Bua Ha bnaroBeweHCKNN 1 ApxaHrenbCKuii cobopbl CO CTOPOHDI
ceBepHoro dacaga; 6) KoHTpdopcbl loKHOro dacafda; B) pesynbTatbl OypeHus ¢ OTOOPOM KepHa,
SHAOCKOMMYECKMX UCCNefoBaHniA B WNypax; r) Tomorpadunyeckun paspes KOHCTPYKLUMM B FOPU3OHTaNIbHOM
NNOCKOCTW, BHU3Y MpMBEAEHa CXemMa pacnpoCTpaHeHWA aKycTuyecknx KonebaHnui; g) rpadukum,
nokasblBarlLme ANHaMUKY BOAOHACbILEHNA N3BECTHAKOB KOHTPdOpPCOoB

a)

TRITI0RIRTT1]

6)

Puc.3 Uapb-Konokon: a) obwwun Bup Lapb-Konokona B Kpemne; 6) npuemMHUKM KonebaHWi Ha
BHYTPEHHEll CTOPOHe MoCTaMeHTa; B) ToMorpaduyeckme paspesbl Klagku B TFOPU3OHTaNbHOM
NIOCKOCTU
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Pnc.4 3paHne Hauana XX Beka no 3HaMmeHCKOMY nep.: a) obwunii BUA 34aHUsA; 6) TeNNoBM3NOHHAA CbeMKa
CTeH 3[aHus; B) pajmvanbHble YNbTpPa3ByKOBble WMCCIeQOBaHMA Knagkw; r) rogorpadbl NpoAonbHbIX
yApyrMx  BOJSIH:  3aBUCMMOCTb  BPEMEHU  MPOXOXAEHMA  BOSIHbI  OT  PACCTOAHMA  MeXAay
npeobpasoBaTenamy; ) Mecta pafguanbHbiX U3MEPEHUI Ha YYacTKe, BOSIHOBbIE KapTWHbI MO pagunycy,
onpegeneHve AVMHAMWYECKOrO MOAYNA YMNPYrocTv; €) KepHbl, BblOYpeHHble 13 KMafKky Mo TpeLlmHe
YKpPEernyeHHOM PEMOHTHbIMM COCTaBaMy; X) pe3ynbTaTbl 06beMHON ynbTpa3BYKOBOW ToMorpadum no
OQHOMY M3 y4YaCTKOB




