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Abstract . Since ancient times, limestone has been known as an
inexpensiveandreliablebuilding material. The main problemof limestone
materialsin the constructionof buildingsis its reducedlongevity due to
variousfactors,suchaswind andrain. Thesefactorshavea hugeimpacton
the strengthcharacteristicef the building material,soadherencéo special
recommendations an importantpracticaltask. A review of literatureon
the problemof durability and the useof limestoneis presentedWith the
help of experiencethe strength of nummulitelimestoneis establishedThe
analysisof the obtaineddatais made,aswell asits comparisorwith the
indices of other artificial and natural stones. The main methods of
strengtheningthe structuresmade of limestone are consideredat three
different stagesPracticalrecommendationfor minimizing the impact of
negativefactorson this materialaregiven.

1 Introduction

Limestoneis oneof the cheapesand mostpopularbuilding materialsof naturalorigin.
It is awidespreadedimentaryock thatincludescalcite(calciumcarbonate).

Limestone has been used as a building material since ancient times. Its main
advantagesare that the stone is kind for dressing durable, wearresistant, prevents
unwantecdheatingof the building, hashigh environmentalndbiological compatibility with
humans, and has pronounced natural antiseptic and antiallergenic properties The
3 P XV H ¥fRihcientlimestonebuildingsis the peninsulaof Crimea,wherelarge deposits
of this rock arealsolocated.On the peninsulasuchvarietiesof limestoneasthe yellowish
shell rock, the white Inkerman block, and also the most accessiblelimestone on the
peninsula 2 rubble 2 are widely used. Shell rock is predominantlyusedin ancient
Crimeanbuildings.In Sevastopgltherearethe ruins of Tauric ChersonesoéFig. 1) made
of this type of limestone.However,today, thereare preservedimestoneconstructionsn
cavecities betweenSevastopobnd Bakhchisarailarge halls, passagesand galleriesare
carvedfrom a solid limestonemassif. Undergroundcities such as Bakla, Eski-Kerman,
Inkermanwerecreatedn limestonecliffs.
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In the construction of embankmentsand quay walls in Sevastopol,recrystallized
organogeniclasticlimestonewith the inclusionof quartzgravelwas used(the local name
is Krymbalskiy stone). Unlike other types of limestone,it nearly doesnot changeits
propertieswhen it is wet, due to which it has becomewidely usedin hydrotechnical
construction

But, like anyrock, the mechanicapropertiesof limestoneweakenover time underthe
influence of natural and anthropogenicfactors. Despite its internal strength, limestone
belongsto softrocks,andbecausef this, oneof its maindisadvantagess its susceptibility
to weathering.On averageJimestoneproductsbeginto break down after 75 years, and
buildings and various constructionsas experienceshowson the exampleof the Crimean
structuresafter 200-400years.The causeof destructiorare:
¢ highhumidity;

e mechanicaktress;

e physicalweathering;

e chemicalreactionsof a stonewith a gasladen atmosphereand chemically active
waters;

e activehumanactions.

As a result,chemicaldecompositiorof mineralsandacidsdissolvedin wateroccursin
the stone It is leached cracksand cavitiesbeginto form, the strengthand stability of the
rock decreases.

Preservinghe cultural heritageandpreventingthe negativeimpactof externalfactorsin
future limestone buildings is an important practical task. To protect the building, an
individual approachto each object of constructionis required The building must be
carefully examined;a physicaland chemicalanalysisof the stoneshould be carried out
After that, the most effective waysto restorethe structureand methodsto protectit for a
long term are selected Due to the relevanceof studyingthe mechanicakcharacteristicof
limestone moreandmorepaperselatedto the studyof the strengthpropertiesof this stone
are published In their paper Frolova Yu.V. and ArakcheevaYa.A. consider the
dependencef the strengthof limestonesamplesfrom the Domodedovoopenpit mine
under uniaxial compressioron their absoluteand relative size, shape and friction at the
contactsbetweentheir endsandthe loading plates.In the scientific work of Borodin I.N.
and AbramyanA.K., a numberof threedimensionaleffects arising from the numerical
simulation of dynamicloading of limestonesamplesin the HopkinsonKolsky bars are
demonstrated.Various modes of destruction of porous limestone samplesand the
correspondingleformationcurveswerestudied[1-2].

In the works of Kondratiev S.A., RostovtsevV.l., Kulagin O.R., and Sivolap B.B.,
studiesof the mechanicalpropeties of limestoneduring the handlingof its core samples
with accelerate@lectronsaredescribedThe ultimatestrengthunderuniaxialloading,static
and dynamic elastic moduli, and 3 R L V I&i@s%ke determineddependingon the dose
absorbedy the sampleq3].

Limestoneis oneof the main componentsn the designof cementandconcretelt hasa
greatinfluenceon the strengthpropertiesof the constructedstructuresTherearea number
of works in which changesdn the characteristicof concreteand cementare investigated
dependingon the contentof limestonein them.NastichO.B. andKhvorostV.V. conducted
studiesof the strengthand durability of reinforcedconcretestructureswith the addition of
limestoneunderthe influence of aggressiveenvironment.In the work of S. PalmaandK.
Muller, the propertiesof mortarsand concretesbasedon cementswith high limestone
contentare determinedUsmanoval..Z. and UsmanovaD.Z. investigatedhe feasibility of
using limestone as the main component of cenent produced in the Republic of
BashkortostanPiyachevV.A. andIshutin K.S. partially replacedthe naturalgypsumwith
limestonein the manufacturef Portlandcement4-7].
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The authorsof many Russianand foreign scientific papersare concernedabout the
durability of building materials Suchaspectasthe safetyof constructiormaterialsin time,
the servicelife of the materialafterits handlingwith variouscompositionsaswell asafter
along or shortimpactof variousexternalfactors(radiatian, heat,long-term staticloading,
etc.)onthe materialareconsidered8-15].

The purposeof this studyis to identify improved methodsfor strengtheninguildings
and structuresmadeof Crimeanlimestone.To achievethis goal, the following taskswere
set:

e Carryoutthestrengthtestof nummulitelimestoneaccordingto GOST306292011;
o Drawconclusionsaboutthe strengthanddurability of thisrock, considerits features;
e Suggestmethodgo strengtherbuildingsandstructuresnadeof limestone.

2 Materials and methods

Nummulite limestone got its name due to the presenceof nummulite shells in their
composition. The depositsof this limestoneare locatedin the Crimea and are mainly
developedfor wall materials;only a small amountis usedfor the producton of tiles.
Certaintypesof nummulitelimestonearedurable,asevidencedy the goodpreservatiorof
someEgyptianpyramidsmadeof this material.

The physical and mechanicalpropertiesof limestone are extremely heterogeneous.
However,thesepropertiesare directly dependenbn their structureandtexture.Depending
onthe contentof quartz,dolomite,andotherminerals the densityof limestonerangesrom
2700kg/m3to 2900kg/m3.

For information on the strengthof nummulite limestonein compressiona test was
conductedaccordingto GOST306292011.Five samplescubeswith the sizeof edgess cm
were madefrom the core. The edgesof the samplesof the cubeswere handledon a cast
iron faceplate.

Table 1. Weightsof samplegbeforedrying).

Samplenumber 1 2 3 4 5

Weight,g 221,64 223,78 221,15 219,65 22361

Thetestwasconductedn a dry andwatersaturatedstate.For thefirst test,the samples
weredried to constantweight. For the secondexperimentthe samplesverekeptin water
for 48 hours.

Table 2. Weightsof samplegafterdrying).

Samplenumber 1 2 3 4 5

Weight,g 220,61 | 223,75 | 221,13 | 21961 | 22365

Table 3. Weightsof sampleg48 hoursin water)

Samplenumber 1 2 3 4 5

Weight,g 243,22 248,27 24514 244,38 249,22

After the samplesare readyfor testing,they wereinstalledin the centerof the lower
supportplate of the hydraulic press,aligning the axis of the samplewith the centerof the
lower supportplate,and pressingby the upper plate of the press,which shouldfit snugly
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along the entire face of the sample. During the experiment,the load evenly and
continuouslyincreasedfrom 0.3to 0.5 MPapersecond).

3 Results and their discussion

3.1 Results of the experiment

Thus,thefollowing valuesof the maximumbreakingload wereobtained:

Table 4. Maximumbreakingloadin thedry state

Samplenumber 1 2 3 4 5

Ultimate compressivestrength MPa 25,054| 21,896 | 13,098 | 24,112 | 22,798

Ultimate compressive strength of samples in the dry state, MPa

¥ Ultimate compressive strength, MPa

25.054 21.896 24112 22.798
J l B
1 2 3

Fig. 1. Maximumbreakingloadin thedry state.

Table 5. Maximumbreakingloadin watersaturatedtate

Samplenumber 1 2 3 4 5

Ultimate compressivestrengthMPa 51 6,2 8,1 8,5 8,6

Ultimate compressive strength of samples in water-saturated
state, MPa

® Ultimate compressive strength, MPa
8.1 8.5
6.2
’ . I I
1 2 3 -

Fig. 2. Maximumbreakingloadin watersaturatedtate

8.6
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Thus,the ultimatecompressivestrengthof limestonein thedry state:

R{+Ry+R3+R4+R 25,054+21,896+12,110+24,112+22,798
Reom = TRt RatReths : = 21,194 MPa (1)

Theultimatecompressivestrengthof limestonein watersaturatedctate

R1+Ry+R3+R4+R 5,1+6,2+8,14+8,54+8,6
Rl =T o = 7,3 MPa )
com 5 5

The ultimatecompressivestrengthof limestonein thedry staterangedrom 10 MPa (for
porous)to 50 MPa (for marblelimestone)accordingto GOST9479398 3 % O RoFrNcKsfor
the production of facing, architectural, construction, memorial, and other prodicts.
Technical F R Q G L WWHuR t@ektrengthof the nummulitelimestoneis closeto the shell
rock and doesnot havethe higheststrengthamongthe limestonerocks. However,dueto
the relatively low strength,stonehandling(sawingand hewing) will havelessenergyand
laborcosts.

Below is a tableof artificial and naturalstonesoften usedin the constructionandtheir
indicatorsof strengthin the dry stateaccordingto: GOST 5302012 3 & H U DoFAdkFRand
stone.Generaltechnicalconditions™ for bricks; GOST 2663391 3 + H Dantifine-grained
concretes.Technical conditions™~ for concrete;GOST 1409-93 d.imestone (dolomitic)
flour. Technical FR Q G L-Wdr RiQdvhite; GOST 947998 Blocks of rocks for the
productionof facing architectural,memoral, and other products.Technical FRQGLWLRQV’
for marbleandgranite.

Table 6. Strengthindicatorsof popularbuilding materials

Material Brick Concrete Dolomite Marble Granite
name
Compressive
strength, 2,5100 4,577,06 20-60 50-150 100300
MPa

According to the data obtained,it can be said that the sample provides sufficient
strengthcomparableo that of concreteand brick. It canalsobe notedthat the strengthof
nummulite limestoneis significantly lessthan that of graniteand marble,but this cannot
preventthe useof this stonefor the manufactureof wall materials.

Comparingthe obtainedresultsof strengthin dry and watersaturatedstates,it canbe
concludedthatin the secondstate the strengthof limestoneis muchlower. The reduction
in compressivestrengthof limestonein a watersaturatedstate "5 %, is calculatedby the
formula:

AR = Reom=Réom 10005 = 2L1%-73 1500, — 65,569 3)
Rcom 21,194

The high porosity and hygroscopicityof this sampleexplainssucha lossin strength

aftersaturatiorwith water.

3.2. Ways to strengthen limestone structures

Experiencehasshownthatlimestoneasa building materialhasits disadvantageandneeds
to take specialmeasureso strengtherit. With the help of variousmethodsof fortification

of limestonestructuresijt is possibleto achievean increasen strengthcharacteristicand

durability.
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A samplethat was subjectedto strengthtestingrefersto low-strengthrocks (dynamic
surfacestrengthup to 40 MPa), and thereforeits processingand useare associatedvith a
large amountof waste,which requiresthe adoptionof specialmeasuredo strengthernit.
Strengthenin@f a naturalstonecanbe madeat threestages.

The first stageis the manufactureof a building material and its handling before
exploitation. To preventunduedestructionand increasedurability at the early stagesof
manufacturingoroducts solutionsof acrylic andorganosilicorpolymersin toluene xylene,
and mixturesof thesesolventswith alcoholsare used.But suchadditivescannotbe usedin
all casesTo strengtherthe concreten hydraulicstructuresandfor well casing substances
that do not containsoluble glassshouldbe used For suchcass, bitumenemulsionsare
applicablewith suitablecoagulatorgntroducedinto themor the useof milk from the most
finely groundPortlandcement.

Limestonereinforcementlsooccurswhenusinga 20% bariumhydroxidesolutionand
a mixture with a 5% ureasolution. From the barium hydroxide dissolvedin hot water, a
saturatedsolutionis obtained,to which a calculatedamountof ureais added.The sample
with small size is placedfor 24 hoursin a solution heatedto boiling temperatureto
completelysaturag the partially destroyedstone.The larger samplesareimpregnatedvith
a 25% glycerol solution,usinga brush.The procedurds performedseveraltimeswithin 5-
7 days; the stoneis coveredwith a film betweentreatments After this, the antirain
impregnationof the materialis carriedout to completethe strengtheningrocess.

The effect is achieveddue to the formation of crystalline barium carbonatewith the
gradualdecompositiorof urea.Whenbarium carbonatecrystalscombine,microcracksare
strenghened the samplestructureitself is compactedand porosityis reducedby 20-25%
dueto the colmatageof pores.

The secondstageis the strengtheningf the materialduringits direct constructionand
installation. Porous limestone is widely used for decoration of the building. It is
recommendedo install the platesin the warm and dry seasonin order to excludethe
ingressof rain moisture betweenthe finish and the base.If the walls do not require
insulation,the limestoneslabsare attacheddirectly to the planeof the primed wall, using
cementsandmortaror specialglue. The taskis much moredifficult if the insulationdoes
exist andit is necessaryto lay the limestonecladding. In this case,in capital private
constructionareinforcingnetis appliedto the not completelycongealedglasterin orderto
avoid a situationin which, after sometime, the tile will beginto collapsealongwith the
plaster.

As it wasrevealecdearlier,whenmoisturegetsinto the poresof the limesbone,the stone
losesits strengthandbecomedrittle. The solutioncould be an arrangementf continuous
hollow betweenthe limestonecladdingandthe main wall. Stoneslabswill be hungusing
specialfasteneramadeof stainlesssteel.An air gap of 2 8 centimeterswill facilitate the
removalof the formed steamfrom moisture,providedthat thereare specialholesandslots
aboveand below, throughwhich air will circulate.This measurewill provide an effective
serviceof naturalstonefor manyyears.

The third stageis the treatmentof the material after its construction.To protectthe
facadefrom the effectsof precipitation,it is treatedwith specialcompoundghatareableto
seal the surfaceand protectit from moisture penetration.Such chemical treatmentsas
hydrophobizatiorandfluidizing reducethe saltwashingout of the stoneandpreventfading
on the wall surface.They canbe doneboth from the outsideand from the inside of the
materialto protectagainstmoistureenteringthroughthe wall from the room. However,the
spacebetweenthe plate joints is recommendedo be filled with 3 E U H D \dutigpgin
orderto allow moistureto easilyevaporatdrom the surfaceof thewall.

Hydrophobizationis usedto impart water repellencyto the surfaceof limestoneplates
and preventthe formation of salt efflorescence(white salt haze on the surfaceof the
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material). To do this, it is necessaryto use aqueous solutions that have good
hydrophobicity. Such is alumomethylsilicateAMSR-3, which is applied manually or
mechanicallyA polyorganosilosamnesinis alsousedin 2 83 layers,whichis alsocapableof
reinforcing the surfacelayer, and alkyl siliconates(their consumptionis 200800 g per 1
m). The strengthafter treatmentwith resin mayincreaseto 20%. This resultis achievedn
caseswhereit is possibleto introducesolutionsto the entiredepthof the stone.

Using fluidizing, the density and weather resistanceof limestone are increased
Aqueoussolutionsof hydrofluosilicic acid saltsare appliedto the surfaceof the cladding,
which leadsto the formation of insoluble compoundsthat seal the outer surfaceof the
stone. This operationallows increasng frost resistanceand redudng water absorption
without changingthe appearancef the cladding.

Otherorganosiliconcompoundsare usedfor the restorationof architecturaimonuments
madeof limestone.They are usedtogetherwith polyorganosiloxanesincethe destruction
of the organodlicon materialsincreaseshe waterabsorptiorof the whole structure andthe
useof polyorganosiloxaneeduceamoistureabsorptiorby up to 1%. At the sametime, the
steamwill flow freely evenwith theintroductionof alargeamountof resin.

The quesion of the useof protectivecoatingsandimpregnationsausesnanydisputes
amongvariousspecialistdn this field, sincethereare manynegativeeventsof this method
of strengtheningand increasingthe servicelife. For example,hydrophobizatedcoatings
losetheir waterrepellentpropertiesafter 3-4 years,andtheir repeatedenewalbadly affects
the personal properties of the material. If you increase the water resistance of
impregnationsthe stonewill not be able to passair through itself, and moisture will
accumulateon the inner surfaceof the material. The stonewill graduallybeginto break
downandloseits strengthpropertiesdueto changesn its structure.

An assessmertf the durability of this materialcanbe obtainedonly after checkingthe
operation of limestone structures with different coatings and impregnations under
conditionsof long-termoperation.

4 Conclusion

1. A characteristiproblemof limestoneasa building materialis its hygroscopicity Jossof

strengthwhensaturatedvith water,slow dissolutionin alargeamountof water.

2. Reinforcing nets are able to protect limestoneslabsfrom mechanicaldamage.They
securelyfastenthe facing stoneto the surfaceof the insulation,increasehe servicelife of

the facing, anddo not allow it to crumble.The methodof strengtheninghe structurewith

reinforcing net is suitable at the initial stageof construction.After the constructionof

buildings, as well as for the restorationof old buildings, this method of strendghening
cannotbeapplied.

3. Reliable protectionfor limestoneis impregnations(stone reinforcementcompounds),
whichincreasehe durability, strength and coherencef limestonebuilding structureslt is

worth rememberingthat the impregnationis able to protectand strengthenthe personal
propertiesof the stone.If limestonewill havelow compressivestrengthand high porosity,

impregnationwill not be able to fully protectthe stone from external factors. Stone
reinforcementcompositionis usedboth at the initial stageof constructionto increasethe

durabiity of the stoneandfor therestoratiorandstrengtheningf buildings.

References

1. Y.V. Frolova.,Y.A. Arakcheevalnzhenernaygeologiyal, 56-67 (2012



E3S Web of Conferences 91, 02028 (2019) https://doi.org/10.1051/e3sconf/20199102028
TPACEE-2018

10.

11.

12.
13.

14.

15.

I.N. Borodin, A.K. Abramyan,Vychislitel'nayamekhanikasploshnyhsred.10(3), 341-
350(2017)

S.A. Kondrat'ey V.l. Rostovcey O.R. Kulagin, B.B. Sivolap, Interehkspogeo-sibir'
2(3), 142146(2019

0.B. Nastich V.V. Hvorost,Vestnik krivorozhskogonacimal'nogouniversitetad(33),
29-32 (2013

S.Pal'm D Myuller, Cement egoprimeneaiie 2, 36-39 (2013

L.Z. Usmanova D.Z. Usmanova,Tekhnika i tekhnologiya silikatov 23(1), 19-22
(2019

V.A. P'yacheyK.S. Ishutin,Cement egoprimeneniel, 59-60 (2009
M.G. Smerdoy E.O. SelivanovaJnnovacionnyjtranspor2(16), 60-63 (2015

A.V. ZHeldubovskij A.T. Serditoy Y.V. Klyuchnikov, G.S. Moiseenko B.S.
RomanovMekhanka g roskopehnihsysten28, 71-78 (2014

N.G. Buragq |.S. Nikitin, P.A. Yushkovskij V.L. Yakushev,Vestnik permskogo
nacional'nogdssledovatel'skogpolitekhnicheskoganiversiteta.Mekhanika4, 72-85
(2019

T.V. Belov, Aktual'nyenapravleniyanauchnyhissledovanijxxi veka:teoriyai praktika
1(12), 7-10 (2019

A.N. SavkirZzavodskaydaboratoriyaDiagnostikamateralov 7, 43-47 (2008

A.F. Rezchikov,A.N. Yakunin, Problemymashinostroeniya nadezhnostmasin 2,
33-39(2010

A.N. Savkin A.A. Sedov,Problemymashinostroeniya nadezhnostmasin 4, 50-55
(201)

A.V. Zheldwovski, A.T. Serditoy Y.V. Klyuchnikov, P.V. Kondrashey D.A.
Durnickij, VostochneEvropejskijzhurnalperedovyhekhnologij7 (63), 24-27 (2013



