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1. BgedeHue

Mpn obcnemoBaHUM KaMEHHbIX 34aHUMA U COOPYXEHUW B npouecce cbopa MCXOOHbIX AaHHbIX ANnd
NOBEPOYHOro pacyeTa OCHOBHOW 3aJaven ABNAeTca onpeaeneHme NpoYHOCTHLIX XapakTepUCTUK MaTtepumarnos, 13
KOTOpbIX OHW BO3BedeHbl. B Hawen cTpaHe cornacHo HopmaTUBHbIM AOKymMeHTam o 1 siHeapst 2014 r. Obin
pernameHTMpoOBaH NUWIb OAMH MeTon onpegenenns npovHoctn kupnmya no FOCT 8462-85 «Matepuansbl
cTeHoBble. MeToabl onpedeneHnss NPOYHOCTM Mpu cxatnum u usrmbe» ¢ gononHeHuamun no NOCT 530-2012
«Knpnuy n kameHb kepamuyeckme. OOLME TexHuUYeckMe ycrnoBusi». [aHHbI MeTod C y4eTOM AOMOSHEHUN
3aKknioYaeTcs B UCMbITAHUM Ha COXaTue OBYX LenblX KUPNUYen, YNOXEHHbIX MNOCTenaMu Apyr Ha gpyra c
BblpaBHMBaHWEM nocTenen nytem WnngoBaHns. KOCBEHHbIN yNbTpa3ByKOBOW METOA, perfnameHTUPOBaHHbIA ANng
onpegeneHua npoyHoctn cunukatHoro kupnuda [OCTom 24332-88 «Kumpnmd u  kaMHM  cunukaTHble.
YnbTpasByKkoBOW MeTOA onpeaeneHnsa NpoYHOCTU Npy cxaTumy», 34ecb He paccMmaTpuBaeTcs.

YkasaHHbI MeToq oGnagaeT psadoM HedocTaTkoB. TPYyAOEMKUM SIBNSIETCS MPOLECC MO BblpaBHUBAHUIO
NOBEPXHOCTEN, 0COGEHHO CTapbIX KUPMUYel A0pPeBOSOLNOHHOIO M3rOTOBIEHUS, a NMPU UCMONb30BaHUM AaHHOMO
mMeToda B xode oGcrieqoBaHust 34aHWn CUTYaLUns CYLLLECTBEHHO OCIOXHSIETCA HEOGXOAMMOCTLI0O 0TOopa LenbixX
kupnuden u3  knagkn. Kpome Toro, oTobpaTb MOBPEXOEHHbI KUPNWY, HanpuMep, MOABEPrLIMICS
pa3aMopaknBaHuIo, KpaiiHe TPyOHO, U NPaKTUYeCcKn HEBO3MOXHO 6e3 CyLLEeCTBEHHOIO ocrabneHnst KOHCTPYKLUMN.
OT16op, Kkak npaBuno, MPOW3BOAMTCS U3 HAMMEHEE HArpy)XeHHOro yvacTka KOHCTpyKuuu. WmetoTcs v apyrve
HeOoCTaTKu.

2. O630p numepamypel

1 aHBaps 2014 r. BeegeH B genctene NOCT 32047-2012 «Knagka kameHHasi. MeTtopg ucnbiTaHust Ha
cxkatue». [aHHbIM CcTaHgapT noarotoBrneH C ydvyeTom TpeboBaHun EBpokoga EN 1052-1-2009 «Metogpl
ncnolTaHMn knagkn. Yacte 1. OnpegenexHve npegena npoYyHOCTU nNpu cxatumy, a Tawke EN 772-1 «MeTtoabl
ncnblTaHMsA aneMeHToB knagku. Yacte 1. OnpegeneHue npegena npodHocTn npu exatuuy. EN 1015-1 «MeTtoabl
ncnblTaHMsa KnagoyHoro pacteopa. Yacte 1. OnpegenexHve npegena nNpoYHOCTM OTBEPAEBLUEro pacTtBopa npu
n3rnbe n cxatumy». CyLIHOCTb CTaHgapTa 3aknioyaeTcs B UCMbiTaHuM obpa3uoB KaMeHHOW KMnagku Harpyskow,
MPUMOXEHHON NepneHaNKYNsapHO rOpMU3OHTarnbHbIM LWBaM, 40 ee paspyLlleHus 1 onpegeneHme ee nNpovyHoCTU Ha
cxkaTtve. [JaHHbIN cTaHaapT paspaboTaH B CBA3M C LUMPOKUM BHEAPEHWeM B MPaKTUKy CTPOMTENbCTBa GOSbLLOMO
KONM4yecTBa HOBbIX TUMNOB KNaAOYHbIX MaTepuaros, B TOM YMCIie BbiMyCKaeMbIX MO 3apybexHbIM TEXHOMOrnsmM, a
Takke B CBA3WN C HEOOXOAMMOCTbLIO rapMOHM3aLMM METOL0B UCMbITAHWUIA C EBPONENCKMMU HopMaMu. MpumeHeHne
AaHHOro cTaHgapTa npu obcrnefoBaHWM 30aHUA U COOPYXKEHWW HampsMylo AOCTaTOMHO 3aTPyAHUTENbHO.
CnoxHOCTU BO3HMKaIOT ¢ 06opygoBaHMeM AN UCMbITaHWI KNagkn HenocpeacTBEHHO Ha 00beKTe, MHOCTPaHHbIe
npubopbl He BHeApeHbl B AOCTATOMHOW CTerneHW, a MPOM3BOACTBO OTEYECTBEHHbIX OTCyTCTByeT. Kpome Toro
TPyOHO peanu3oBaTb HEeMnocpeacTBEHHO Ha ob0bekte oOTAenbHble TpeboBaHusa ucnbiTaHui. Hanpumep,
TpeboBaHue, 4TOObI NoAYLLKN Npecca Obinv Gonblie obpasua Knagku.

Ha cerogHALWHUN AeHb, MOMUMO CTaHAAPTHOrO METoAa, UCCREeaYyTCS U MPUMEHSIIOTCS Ha NPaKTUKE PAAOM
opraHusauuii  pasnuyHble METOAMKW OMpeaeneHns MPOYHOCTM KUpMudYa Ha cokaTue, B TOM uucne WU
HepaspyLLatoLLEero KOHTPONS.

OpHako, MeTodbl Hepaspyllalowero KOHTPONS  MPOYHOCTM  KMpnvM4a B Halwew CcTpaHe He
pernamMeHTMpoBaHbl (nomumo ynomsaHytoro paHee OCT 24332-88), a norpewwHOCTb UX M3MEPEHUS OYEHb
BbicOka [1-2], Tem 6Gonee Ha TakOM HEOQHOPOAHOM MaTepuane Kak KepamuyecKui KMpnvy MnacTuyecKoro
dopmoBaHus. [NpyMeHeHne HepaspyLlalLWwmx METOAOB KOHTPOMS AOMYCTMMO TOMbKO ANS KaYeCTBEHHOW OLEHKM
npoyHocTn kumpnuya [1,3] B COBOKYNHOCTU C paspyllaloMMn MeTodamMu U HEMoCPeACTBEHHbIM UCMbITaHNEM
KOHCTpyKUuMi [4-5]. HecmoTpsi Ha 3TO psiAOM aBTOPOB paccMaTpMBaeTCs BO3MOXHOCTb CaMOCTOSTENbHOro
NPMMEHEHWs HepaspyLlalLWwmux METOA0B KOHTPOSS MPOYHOCTU KepaMmn4ecKoro kupnuya [6-7].

CyuiecTByeT MHOM MeToA onpedeneHust NMPOYHOCTU KMpNuya, YNnoMmHaembli B pekomeHpaumsx [8-9],
pabote [10] n uccnegyembin aBtopamm [1]. OH 3aknoyaeTcs B oTOOpe 00pasLoB UUNMHOPUYECKON hopMbl
(kepHOB). MeTog 3akntovaeTcs B BbibyprBaHuy 06pasuoB U3 MOXKOBLIX FPaHew KMpnuyewn, Topuoske, obpaboTke
WncdoBaHMEM U UCTbITAHWUM Ha cxaTue. HeocnopumbiM NpemMMyLLecTBOM AaHHOTO MeToAda nepen CtaHgapTHOW
METOAMKOW SIBNSETCA BO3MOXHOCTb 3HaYUTENbHON BbIOOPKM 06pasLoB, 3a CHET MeHee TPyAOeMKOoro npouecca
oTbopa, 06paboTkM N HE3HAYUTENBHOIO paspyLleHus KOHCTPYKUMn. OQHaKo NpUMEHEHWe daHHOro Metoda npu
obcrnefoBaHUM MCTOPUMYECKUX 30aHWN Bbi3biBaeT psn BOMPOCOB, CBA3a@HHLIX C HEOAHOPOAHOCTBLID MaTepwuana
Aaxe B npefenax OgHOro KMpnu4a, BbI3BaHHbLIX €ro paccrioeHneM, pasHomn CTeneHbo 0BXura n NPoYnM.
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3. Llenb pabomsbi

Llenbto HacTosLeln paboThl ABNSIETCS aHanu3 1 cpaBHeHWe CTaHOapTHOW M anbTepHaTUBHOW (UCNbITaHWe
KEPHOB) MeETOAMK OnpedeneHuss MNPOYHOCTM Kupnuya npyv OOCNefOoBaHUM KaMEHHbIX 34aHuNW, a Takke
yCTaHOBMEHME BO3MOXHOCTU 1 YCMOBUIN NPUMEHEHNST METOAA UCMbITAHNS! KEPHOB Ha NMPaKTUKE.

[Ons goctmwkeHns yKa3aHHOl7I uenu 6binn NocTaBneHbI cnepywouine 3agadn.

BbisiBUTb NpenMyLLecTBa U HEAOCTATKM NPUMEHSIEMbIX METOL0B.

OnpeaenuTb TOYHOCTb U FpaHuLLbl MPUMEHEHUST METOAOB.

BbisiBUTb HanmMuMe wWnu OTCYTCTBUE CBSI3M MEXAY MPOYHOCTbI0 KMpMM4Ya, MONYYEHHOW MO PasfvyHbIM
MeToauKam.

wnN P

4. Pa3bpoc 3Ha4dyeHuUl npo4YyHocmu Kupnu4ya rpu obcriedosaHuu
30aHul u coopyxeHuu

XoTtenocb 6bl OCTAHOBUTLCSH HA OAHOM M3 HEAOCTaTKOB CTaHOapTHOro MeToda, 0COGEHHO XapakTepHOro
ANl KUPNUYen WCTOPUYECKUX 3OaHuiA - GonblIoN pa3bpoc MONy4YeHHbIX 3HAYEHWH MNpPOYHOCTM. AHanus
pe3ynbTaToB MCMbITAHWI yCyrybnseTcs, Kak npaBuio, Manoi BblGopkoi 06pasuoB, BBUAY TPYAOEMKOCTU WX
U3BMEYEHUS, U KaK creacTBue 60MbluMM koadodbuumeHToM Bapuauum (V) nonyyYeHHbIX pesyrbTaToB.

ABTOpPamMu BbIMOSIHEH COOP U aHanM3 UMEKLLNXCHA AaHHbIX, MOMYyYEHHbIX NMPU UCNbITAaHUM NO CTaHO4APTHOM
MeToaMKe Kupnuyen, oTobpaHHbIX M3 KIagoK HEeCKONMbKUX mctopudeckux spgaHum Cadkt-leTtepbypra npu mx
TexHudeckoM obcnegoBaHun. B xoge aHanm3a ycTtaHoBneHo, 4To Bblbopka o06pasuoB, Kak NpaBwumo, He
npesbiwana 10 kupnuyen, a nNoMyyeHHbI pasbpoc 3Ha4YeHWn NPOYHOCTM Ha CXaTue XxapakTepu3oBarncs
koadpduumeHTom Bapuauum gocturaownm 45%. B kayectBe npMMepa MOXHO NPUMBECTU OaHHble, MONy4YeHHble
npu obcneposaHun Lllysanosckoro asopua B CaHkT-lMetepbypre. [NpovHOCTb Ha cxkaTne OecaTn oTobpaHHbIX
kvpnnyen (puc.1) Bapbupyetcd B npegenax ot 1,11 go 9,92 MlMa wn xapaktepusyetcs KoacpduumneHTom
Bapuaumm V=45,8%. To e camoe HabnogaeTca v Npu UcnbiTaHUM KMpnuden, otobpaHHbix Npu ob6cnegoBaHun
ogHoro 13 kopnycoB CmornbHoro yHusepcuteta (R=7,9-38,2MlMa, V=44,6%), a Takke obLLECTBEHHOrO 30aHUSA Ha
17-n nuHumn BacunbeBckoro octpoBa (R=6,2-12,8Mlla, V=31%). O4yeBMAHO, YTO ANA NOSNyYeHUs afeKBaTHOro
3HaYeHNs1 NPOYHOCTM KUPMWUYHOW KNagkM B WUCTOPMYECKUX 3OaHuaX TpebyeTcd 3HauuMTenbHO YyBenuyuusaTb
BbIbOpKy OOpasuoB. 370 B OOMbLWMHCTBE Cry4YyaeB 3aTPyOHWUTENbHO, B TOM 4uChe BBMAY MUHUMU3ALMK
NMOBPEXAEHUA KOHCTPYKLUM, OCOBEHHO Ha OBbeKTax, ABNALWNXCA NaMATHUKAMN apXUTEKTYpbl.

PVI(ZyHOK 1. Kupnuum gnsa ucnbiTaHMA NO CTaHAAapPTHOM MeToAuKe

YT0 Xe KacaeTcsa pas3bpoca 3HavyeHwW Npu anbTEpPHATMBHOM METOAE OnpefernieHus NMPoYHOCTU KMpnu4a,
NyTEM MCNbITAHUSI BbIOYPEHHBLIX KEPHOB, TO aBTOPaMW B Hay4HbIX Lenax Obln BHeAPEH OaHHbIN MeTod Ha
HekoTopbIXx obbekTax [11], B TOM 4ucne npu obcrnegoBaHum BbieynomsHyToro LyBanoeckoro asopua. lMNpu
npoBeaeHun obcnegoBaHMs CBOAOB KOTOPOro OblNo 0TOBPaHO U NCMbITAaHO Ha cxaTue 37 KepHOB (PUCYHKK 2, 3).
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PucyHok 2. KepHbl, oToGpaHHble n3 cBoga PucyHok 3. UcnbiTaHue o6pa3uoB

Pa3bpoc nonyyeHHbIX 3Ha4YeHUI xapakTepusoBarncs koadduumeHTom Bapuauumn 32,5%, 4TO Okasanocb
HWKE, YEM MPU UCMbITAHUN CTaHAAPTHON METOAMKOM, HO, TEM HE MEHee, OCTAaTOYHO BbICOKUM.

Taknum 06pa3om, NPOYHOCTb KUpNuYen, 0TOBPaHHbIX 13 30aHNA NCTOPUYECKON 3aCTPONKK, B NtoboM cnyyae
xapakrepusyeTtca 6OonblwMM pas3bpocoM 3HAYEHUW, 4YTO CKasbiBaeTCAd Ha [OCTOBEPHOCTU onpeaerieHus
pacyeTHOro ConpoTMBMEHNA KNaaky B LenoM. B cBA3n ¢ aTum Hanbonee 4oCToBEpPHbIM CMOCOOOM onpedeneHns
MPOYHOCTU KUPMWYHOW KNagkym 30aHUA  UCTOPUMYECKOW 3aCTPOMKM MOXET SABMATbCA HEnocpeacTBEHHOe
UcMblTaHMe y4acTka KOHCTPYKLMW, Hanpumep, CUCTEMOWM «nnockmx AomkpatoB» (Flat-Jack Testing), wwmpoko
pacnpocTpaHeHHon 3a pybexom [12-22]. Ha cerogHAwHun peHb B Poccum gaHHaa meToamka He Hawna
LUMPOKOrO BHeApeHus u B Heobxogummon cTeneHn He npopabotaHa. Kpome TOro, He kaxAbli 3aKasyuk
obcnegoBaHusa OydeT cornaceH Ha YCMOBWS UCMNbITAHWS, @ MMEHHO Ha CTOMMOCTb MpoBedeHus pabot u
pa3pyLleHue (noBpexgeHue) UCrblTbiIBAEMOro yvacTka CTeHbl [23], KOTopbI BNOCNeACTBUM HEOOXOOUMO B TOW
W1 MHOW CTENEHMW YCUNMBATb.

HecmoTpsi Ha AOCTOMHCTBO MeToAa MMOCKUX JOMKPaATOB C TOYKM 3PEHMSI UHTErpanbHOM OLEHKM NMPOYHOCTM
Knagku, ecTb elle OA4MH ero HeJoCTaToK, MOMMMO yKasaHHbIX Bbilwe. McnbiTaHne npousBoautcsl BbiIGOpoyHO B
npegenax UcnblTbiIBAEMOro yvactka CTeHbl. Kpome Toro, CnoXkHo ogHO3Ha4YHO OnpenenvTb Yy4acToK MUCMbITaHus.
Hanpvmep, knagka HauMMeHbLUero Mo CeYEeHMI0 MpPOCTeHKa, MoAaneXallero, Kak npaBuno, pacyeTy, He
0b6si3aTenpHo 6yaoeT MMeTb HaUMEHbLUYKD NPOYHOCTb. ATO CBSI3AHO C TeM, YTO Khnagka 34aHuA MCTOPUYECKOMN
3aCTPOMKM YacTO BbINOMHEHA U3 Pa3HOPOAHbLIX MaTepuanoB (kak KamHsi, Tak U pacTeBopa), B TOM YucCre 3a cyeT
Hanuuns PEKOHCTPYMPOBAaHHLIX (YCUMEHHbIX) B pasHble nepuodbl yd4acTkoB. [ns 060CHOBaHMS OaHHOro Tesuca
npvBeaeM ABa npumepa.

Mpumep Ne1. TMpu obcnepoBaHmn 3pgaHns no agpecy Hesckun np. A.136 € uenbio onpepeneHus
BO3MOXHOCTW HaACTPOMKM aBTopamun npou3seneH oTbop kepHoB u3 kupnuda knagku (puc 4). OT6op BbINOMAHEH
13 BCEX NMPOCTEHKOB MepBOro ataxa nuuesoro acaga. NMpu otbope BbISBNEHO, YTO KNafka BbINOMHEHA U3 Tpex
BMOOB  KEpaMMyecKoro Kupnuya: [OBYyX BWOOB  KepaMM4ecKoro  MOMHOTENOoro,  NPeAanosioXUTENbHO
OOPEBOMOLMOHHOIO U3rOTOBIIEHNS, U KUPNUYa C AblpYaTbiMX MYCTOTaMu, M3rOTOBIIEHHOIO B COBETCKMIN NEPUOA 1
MCMONb30BaHHOMO ANl YCUMEHUS NOBPEXOEHHbIX y4acTKoB knagku. Heobxogumo otMeTutb, YTO hbacag 3gaHus
OLWTYyKaTypeH W pasHOpPOAHOCTb KMagoyHOro MaTepuana BbisiBlieHa TOMbKO 3a cyeT 6Gonblioro 4ucna
0TOUpaeMbIX KEPHOB.

Mpumep Ne2. Mpu obcnepoBaHmmn 3gaHusa no agpecy yn. XKykosa, 4. 17, nuT A, BbINOMHEHHOrO AnNA
NMPOBEPKN €ro aBapuUMHOCTMW, YCTaHOBMEHHOW npedbiaywunm obcregoBaHneMm, BbIMONHeH otoop 30 kepHOB U3
Knagkn CTeH B ypOBHEe MepBOro ataxa (pucyHok 5). Takas Bbibopka 06pa3uoB No3Bonmna yCTaHOBUTb, YTO B
LerioM MPOYHOCTb Kuprnmda umeeT 6onblion pasbpoc B npegenax 15,3 — 59,2 Mla. OgHako no pesynbtatam
UCMbITaHMN BbINO BbISBAEHO, YTO Pa3bpoc MPOYHOCTKN OBOYCMOBIEH HaNMMYMEM KMPMUYa pasHbIX U3roTOBUTENEN.
Mpn aHanuse faHHbIX YETKO BblAeneHbl ABe rpynnbl KMpNu4yen, UCMNonb3oBaHHbIX B knagke. lMepsasa rpynna
nMena cpegH NPoYHOCTb B AnanasoHe 15,3-27,0 MlMa, a BTopas 36,1-59,2Mla.
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UNFASHION »

PucyHok 4. Y4yacTku oT6opa npo6 u3 cteH 3gaHus no PucyHok 5. YuyacTku ot6opa npo6 u3 cteH 3gaHus no
apapecy: HeBckui np. n.136 aapecy: yn. Xykosa, a.17

M3 npuBeaeHHbIX NpUMEpPOB BUOHO, YTO NMOMWUMO OLIEHKM COGCTBEHHO MPOYHOCTU MaTepuanoB Knagku
OYEHb BaXHO 3HaTb pPa3bpoC ee 3HAYEeHWil, BbI3BAHHLIN Kak HEOQHOPOAHOCTBLI MPOYHOCTU KUMPMMYEN OAHOro
BMAA, TaK U HAanNM4MeM B Krnagke Kupnuyen pasHbix BuaoB. OcobeHHO 3TO akTyanbHO ANs Kragky CTapblx 34aHui.
Kpome TOro cyllecTBYIOT KOHCTPYKLMW, OTOOP M3 KOTOPbIX LEeNbIX KUPMNMYen Unv UChbiTaHue Knagkn B HaType
KpalHe 3aTpyAHMTENbHO WM HEBO3MOXHO. MpMMepammn Takmx KOHCTPYKUMIA SIBRSOTCA CBOAbl, CTONObI Mnu
MPOCTEHKN C ManbiMK rabaputaMmm nonepeyvyHoro ceyeHusi. [Ins BbisiBNeHMs pasbpoca NPOYHOCTU U BbISIBNEHMWS
Y4aCTKOB UCMbITAHUS MeTo 0TGopa KepHOB NMpeacTaBnsaeTcs ONnTUMarbHbIM Mo NPUYMHAM, YKa3aHHbIM BblilUe.

B cnyyae c vcnblTaHMEM COBPEMEHHOro KMpNuya cuTyauus HECKOMNbKO MHas. ABTOpaMu NocTaBneH pan
SKCMEPUMEHTOB MO UCMbITAHUIO COBPEMEHHbIX KMPMMYel No cTaHOapTHOW MeToauKe U BblIOypuUBaHWEM KEpHOB.
WMccnenoBaHue BLINONHEHO Ha 06pasliax Kak oTobpaHHbIX Ha 06beKTax, Tak U NpUoBGpeTeHHbIX Ha KUPMUYHOM
3aBoge.

Ons oueHkn pasbpoca 3Ha4YeHWIn NPOYHOCTU, NOMYYEHHOW NO CTaHAApPTHOM MeToauke, MPOBEAEH aHanu3
pe3ynbTaToB MCNbITAHUIA KUpnuyew, oTobpaHHbIX C Pas3nuMyHbiXx 0ObEKTOB. [lonyyeHHbI pa3bpoc 3HayYeHwui
Xapaktepusosarncs HebonbLmmM koadrUneHToM Bapuaumm B npegenax V=6-12%.

[ns oueHkn pasbpoca 3HayYeHUn MPOYHOCTU KEPHOB, BbIDYPEHHbIX N3 FOXKKOB KMpnuyewn, bbin noctaBneH
ONbIT C LWEeCTbD Mapkamu kupnuda, Hauwbonee 4acTo npuMeHsiembix npu cTtpoutenbctee: M150-M500. o
pesynbTaTtam MCMbITaHUM pa3bpoc 3Ha4YeHUI NPOYHOCTU XapakTepusoBancsa koadduumeHTamy Bapuaummn V=6-
16%.

Takum obpasom, U cTaHgapTHas MeToauKa W UCMbITaHWe KEPHOB, B Crydyae C COBPEMEHHbIM KUPMUYOM,
AaloT OTHOCUTENbHO HebonbLon pa3bpoc 3HayeHn. OgHako anbTepHaTMBHBIA METOA OnpeaeneHns NPoYHOCTH
COBPEMEHHOrO Kupnuya €BAsSeTCA npegnodTuTenbHee CTaHA4apTHOro, BBUAY €ro MeHbluel TpyaoeMKOCTW,
Gonblier BbIGOPKW, MEHbLUEro MOBPEXAEHUS KOHCTPYKLUMW M BO3MOXHOCTM OTOOpa npob u3 HarpyXeHHbIX
Y4YacTKOB.

5. Ces3b mex0y 3Ha4YeHUsIMU rMpoYHoCmu Kupru4da rno dgym
MemoduKkam

OcHoBHOW 3apadvelt, pelleHMe KOTOpPOM MO3BOMUT MPUMEHSITb MEeTOn WCMbITaHMSI KePHOB Ha MpakTuke
ABMNSIETCA YCTAHOBIEHME CBSA3W MeXAy NPOYHOCTbI0 06pasuoB - KEpPHOB M MPOYHOCTLIO, MOMYYEHHOW no
CTaHOapTHOW MeToauke. PelueHne gaHHOW 3a4ayv M SIBMSIETCS Lenblo HaydHbIX UCCNefoBaHUN, BbINOMHAEMbIX
aBTOpamu.

B 2012 r. aBTOpamMu NocTaBrneH 3KCNEPUMMEHT, OMUCaHHLIN B paboTe [1], N0 BLIABNEHUIO CBA3M MEXOy
MPOYHOCTBIO KEPHOB WM MNPOYHOCTbIO KMpMNU4ya, MOMy4eHHOW MO0 CTaH4apTHOWM MeToAuKe, Ha Tpex Mapkax
Kepamuyeckoro kupnuda M150, M20, M250. B pesynbTaTte 3KCNepMMeHTa YCTaHOBIiEHa TeCHasd CBA3b MexXay
NPOYHOCTLIO, ONpeaerieHHON MO pa3nuyHbiM METOANKaM, XapakTepusytoLascs koadpduuneHtom 0,77.
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B 2013 r. aBTOpbl MOCTaBUNN CXOXWUWA IKCMEPUMMEHT, HO C Gonblen Bbibopkon. [Ansg onbita 6bino
npuobpeteHo Ha 3aBoge 80 Kepammyeckux kupnuyen ogHonm mapkn. M3 Hux B nabopaTopHbIX YCHOBUSAX
nsrotosneHo 240 obpasLoB-KEPHOB, BbIOYPEHHBIX OPTOrOHANbHO JOXKOBbLIM FPaHAM KUpPNU4Yen, U U3roToBMEHO
40 obpasuoB Ans McnbiTaHUss NO CTaHOapTHOW meToauke. Bce obpasubl BbiCylEHbl A0 MOCTOSIHHOW Macchl,
4YTObbI M30EXaTb BMUAHUSA BAAXHOCTM HA KOHEYHbIW pe3ynbTaT, YTo o6ocHoBaHO B paboTte [21].

PucyHok 7. O6pasubl Ans UCNbITaHUS NO
cTaHOapTHOW MeToauKe

PucyHok 6. YacTb BbIGypeHHbIX 06pa3L0B-KepHOB £ 3 ‘ 1

PucyHok 8. UcnbiTaHne ctaHgapTHOro ob6pasua

B xome o06paboTkn pes3ynbTaToOB MWCNbITAHUS YCTAHOBMEHO, 4YTO CpeAaHss MpoYHOCTb 06pasuos,
UCNbITaHHbIX MO CTaHgapTHon metoamke, coctaBuna 40 Mla. B To xe BpemMsi BbisBneH Oonblion pasbpoc
3Ha4YeHM NPOYHOCTU, KOTopasi BapbupyeTcs B npegenax 28,7-50,9 MMa. CpegHee 3HayeHWe NPOYHOCTU
unnuHapudecknx obpasuos coctasmno 28,5 Mla ¢ pasbpocom 3HayveHun ot 17,9 go 55,3 Mla.

Taknm 06pa3omM, OTHOLUEHWEe CpedHero 3HavyeHusl MPOYHOCTU LMNMHAPUYECKUX 06pasuoB K cpegHeMmy
3HaYeHW0 MPOYHOCTN 06pasLoB, WUCMbITAHHBIX MO CTaHAapTHOM MeToguke coctasnseTt 0,72. CBA3b Mexay
MPOYHOCTBIO, MOMYYEHHOW MO pa3HbiM MeToAaM WUCMbITaHus, 6nv3ka K pesynbTaTy NpoLwwnbiX ucneitaHmn (0,77).
OpHako, yy4uTblBas OTNMYME MNOMYYEHHbIX KOIMMPULUMEHTOB, MOXHO caenatb BblBO4 O HedonyCTMMOCTU
ONepVPOBaHUS TOMBbKO CPEAHUMM 3HAYEHUSIMM MPOYHOCTM. Heobxogumo  nmpoBedeHne CTaTUCTUYECKON
06paboTKkmM NoMNyYeHHbIX Pe3ynbTaToB, a Takke OueHKa BNUSHUS HEYYTEHHbIX B 9KCMEPUMEHTE OOMONTHUTENbHbIX
dakToposB.

6. 3aknoyeHue

B pes3ynbTaTe BblINOJIHEHHbLIX nccneaoBaHnin MOXHO CCbOpMyrIVIpOBaTb cnegywuime BblBOObI:

1. Pe3yanaTb| ncnblTaHNA Kmpnuya, OTO6paHHOFO M3 Knagku 3gaHun I/ICTOpVI‘-IeCKOIZ 3aCTpOﬁKM, Ha cxatune
no CTaH,EI,apTHOIZ MeToauke n pegyrnbTaTbl UCNbITAHUA UUWNUHOPUYECKUX O6pa3LI,OB XapakKTepunusyrTcd
3Ha4YnTEesIbHbIM pa36p000M 3Ha4YeHUn. ATO CBSA3aHO C BbICOKOM HEeOAHOPOAHOCTbIO MaTtepuarna B npeagenax
OQHOro Knpnu4a, a Takke npuMmeHeHnem B Krnaake pas3HbiX BUO0B Kmpnmqeﬁ.

2. Haubonee pocToBepHbIM Crocobom onpeaeneHnss MPOYHOCTU  KUPMUYHOM  KNagkM WUCTOPMUYECKOW
3aCTPOMKN NpPeacTaBnAeTcsas HenocpeacTBEeHHOoe WCMblTaHue ydactka knagku. OgHako BbIGOp ydyacTka
Knagku, noanexallero UCnbITaHWio 1 BNOCNeACTBUM pacyeTy, He Bceraa o4eBuaeH, BBUOY pasHOPOAHOCTHU
npuMeHsieMoro Martepuana. [Ona BbiSBNeHUs pasbpoca MPOYHOCTM U Y4acTKOB HENocpedCcTBEHHOro
UCMbITaHNUSA KOHCTPYKLMKU MeTod oT6opa KepHOB NpeacTaBnseTcs onTMMarbHbIM.
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3. MpoYHOCTL COBPEMEHHOr0 KMpruya XapakTepudyeTcsl 3HaYMTeNbHO MEHbLUMM pa3bpocoM 3HayeHwu u
HU3KMM k03 PULMEHTOM BapuaLummn oT 6 ao 16%.

4, Habniogaetca cBsisb MeXAy MPOYHOCTBIO KMpMMYa MO  CTaHAapTHOW MeToAMKE W MPOYHOCTbIO
UMnMHApUYecknx obpasuoB, BbIOYPEHHbIX U3 COBPEMEHHOMO Kupnuya. TemM He MeHee, Ansl yCTaHOBNEHUS
3aBUCUMOCTU Mexay ABYMsI mapaMeTpamu HeobXoAMMO y4YecTb WHble, MOMUMO BI@XHOCTW, chakTopbl,
BMMsIlOLLME HA KOHeYHbI pe3ynbTtaTt. Kpome Toro, TpebyeTcsi MpoBECTU Ka4YeCTBEHHYIO CTaTUCTUYECKYH
006paboTKy pe3ynbLTaTtoB UCCneaoBaHus.

ﬂ,aHHbIMVI BonpocamMn w“ nNNaHWpPywT 3aHMMaTbCA B JanbHenwem aBTOpbl B CBOUX Hay4HbIX
nccnenoBaHUAX.

TNurepartypa

1. YneibuH A.B., 3ybkoB C.B. O mMeTogax KOHTpPONS MPOYHOCTM KEPaMMUYECKOro Kupnuya npu obcrnenoBaHuu
30aHWIN 1 coopyxeHui // HxeHepHo-cTpouTenbHbIv XypHan. 2012. Ne 3. C. 29-34.

2. [HOepkauy B.H., XXepHocek H.M. MeToabl OLEeHKM MPOYHOCTM KaMEHHOW Kragku B OTEYECTBEHHOMW U 3apyOexxHow
npakTuke obcnenoBaHusa 34aHu U coopykeHun // BecTHuk Benopyccko-Poccuiickoro yHusepcuteta. 2010. Ne
3(28). C. 135-143.

3. TenexkuH B.®., Yrapos lN.A. YnbTpasBykoBass cucteMa AN 3KCNpecc-aHanm3a TEXHUYECKUX XapaKTepUCTUK
knpnuya // N3sectna YenabuHckoro HayvHoro ueHTpa YpO PAH. 2000. Ne 1. C. 171-180.

4. Multi-technique approach for the assessment of historical masonry constructions / Fernandes F.M., Ramos L.F.,
Manning E., Ferreira J., Mendes P // 10" International Conference on Damage Assessment of Structures.
Dublin, Ireland. 2013. Vol. 569-570. Pp.1249-1256.

5. Mechanical characterization of rubble stone masonry walls using non and minor destructive tests / Lombillo I,
Thomas C., Villegas L., Fernandez-Alvarez J.P., Norambuena-Contreras J. // Construction and Building
Materials. 2013. Vol. 43. Pp. 266-277.

6. XKutywkuH B.T., Kyyepos B.H OnpeaeneHne npoyHOCTU Knagkn U3 KMpnuya B HaTypHbIX ycnosusx // XKunuuHoe
ctpoutenscteo. 2001. Ne 9. C. 11-12.

7. Tyudkmn W.C., AptiownH [O.B. OnpegeneHne npoyYyHOCTM (MapKu) KEpamMU4ecKoro KuMprnuMya B KOHCTPYKLUMSAX
HepaspyLarowmm metogom // UsasecTtns Boiclumnx y4ebHbIx 3aBegenuii. Ctpoutensctso. 2006. Ne1. C. 103-104.

8. PekomeHaauumn no ob6cneaoBaHMio U OLEHKE TEXHUHECKOTO COCTOSIHUSI KpYMHOMAHENbHbIX Y KAMEHHBIX 34aHUNA.
M.: LULHMUNCK nm B.A. KyuepeHko, 1988. 36 c.

9. PekomeHOaLMu No YCUMEHMIO KaMEHHbIX KOHCTPYKUMIA 3gaHui u coopyxerun. M.: LHUNCK nm B.A. KyuepeHko,
1984. 36 c.

10. Mposgo B.T. TexHuyeckoe ob6crnenoBaHME CTPOMTENBHBIX KOHCTPYKUWMWA 30aHUA UM coopyxeHun. CrI16:
M3patenbckuin Jom KN+, 2001. 140 c.

11. YneibuH A.B., 3ybkoB C.B. PesynbraTbl 0b6cnegoBaHus Xumoro kopnyca B cocTaBe «Komnnekca 3gaHui
CTyneHyeckoro ropogka nonMTEXHUYECKOro YyHumsepcuteta» // CTpoUTENbCTBO YHUKANbHbLIX 30aHUA 1
coopyxeHun. 2012. Ne 5. C. 6-16.

12. Carpinteri A., Invernizzi S., Lacidogna, G. Cracking simulation of brick-masonry elements subjected to the double
flat-jack test. Proceedings of the 6th International Conference on Structural Analysis of Historic Construction.
2008. SAHCO08 1. Pp.367-374.

13. Carpinteri A., Invernizzi S., Lacidogna, G. Historical brick-masonry subjected to double flat-jack test: Acoustic
emissions and scale effects on cracking density // Construction and Building Materials. 2009. Ne23 (8). Pp. 2813-
2820.

14. Ramos, L.F., Sharafi, Z. Tube-jack testing for irregular masonry walls: First studies // Advanced Materials
Research. 2010. Ne133. Pp.229-234.

15. Acito, M., Binda, L., Cardani, G. Experimental and numerical study on the application of the flat-jack tests to
masonry walls. Proceedings of the 6th International Conference on Structural Analysis of Historic Construction.
SAHCO08 2. Pp. 875-883.

16. Binda L., Tiraboschi C. Flat-jack test; as a slightly destructive technique for the diagnosis of brick and masonry
structures. Int. Journal for Restoration of Buildings and Monuments. Zurich, 1999. Ne 5. Pp.449-472.

17. Gregorczyk P., Lourenco P.B. A review on Flat-jack testing // Engenharia Civil. 2000. Ne 9. Pp. 39-50.

18. Bartoli, G., Betti, M., Giordano, S. In situ static and dynamic investigations on the "Torre Grossa" masonry tower
/I Engineering Structures. 2013. Vol. 52. Pp. 718-733.

19. benoe B.B., Oepkay B.H. 3kcneptnsa m TexHOMNOrMs YCWUMEHUSI KaMEHHbIX KOHCTPYKUuA [/ WNHXeHepHo-
cTpouTenbHbIN XypHan. 2010. Ne 7(17). C.14-20.

15

Ynbi6uH A.B., 3y6kos C.B., Cygapb O.10., Nantes E.A. CtaHaapTHas U anbTepHaTUBHAsi METOAMKMN OMNpeaeneHnst IPOYHOCTU Kupnuya npu
obcnenoBaHUy 30aHWIN U COOPYXKEHWIA. /

Ulybin A.V., Zubkov S.V., Sudar O.Y., Laptev E.A. Standard and alternative methods of determination of the strength of brick at inspection of
buildings and structures. ©



CTpouTenbCTBO YHUKaNbHbIX 34aHUN U coopyxeHun, 2014, Ne3 (18)
Construction of Unique Building_;s and Structures, 2014, Ne3 (18)

20.

21.

22.

23.

24.

Micro-destructive flat-jack test for the diagnosis of historic masonry / Nobile L., Gentilini C., Bartolomeo V.,
Bonagura M. // Key Engineering Materials. 2010. Vol. 417-418. Pp. 741-744.

Andreini M., De Falco A. , Giresini L., Sassu M. Mechanical characterization of masonry walls with chaotic
texture: Procedures and results of in-situ tests // International Journal of Architectural Heritage. 2014. Vol. 8. Pp.
376-407.

Lombillo I.A., Villegas L.A., Fodde E.B., Thomas C. In situ mechanical investigation of rammed earth: Calibration
of minor destructive testing // Construction and Building Materials. 2014. Vol. 51. Pp. 451-460.

HM of historic damaged churches / Boscato G., Dal Cin A., Russo S., Sciarretta F. S. // 2" Global Conference on
Civil, Structural and Environmental Engineering, GCCSEE 2013; Shenzhen; China. Vol. 838-841. Pp. 2071-
2078.

Ynbi6uH A.B., Ctapues C.A., 3y6kos C.B. KoHTponb BniaxHocTv npu obcnefoBaHnm KaMeHHbIX KOHCTPYKUniA //
UHxeHepHo-cTpouTenbHbIN XXypHan. 2013. Ne 7(42). C.32-39.

16

Ynbi6uH A.B., 3y6kos C.B., Cygapb O.10., Nantes E.A. CtaHaapTHas U anbTepHaTUBHAsi METOAMKMN OMNpeaeneHnst IPOYHOCTU Kupnuya npu
obcnenoBaHUy 30aHWIN U COOPYXKEHWIA. /

Ulybin A.V., Zubkov S.V., Sudar O.Y., Laptev E.A. Standard and alternative methods of determination of the strength of brick at inspection of
buildings and structures. ©



CTpouTenbCTBO YHUKaNbHbIX 34aHUN U coopyxeHun, 2014, Ne3 (18)
Construction of Unique Building_;s and Structures, 2014, Ne3 (18)

Standard and alternative methods of determination of the strength of
brick at inspection of buildings and structures

A.V. Ulybin' , S.V. Zubkov? , O.U. Sudar® , E.A. Laptev*
Saint-Petersburg State Polytechnical University, 29 Polytechnicheskaya st., St.Petersburg, 195251, Russia.

ARTICLE INFO Article history Keywords
Received 6 December 2013 strength of brick;
Received in revised form 18 March inspection of stone structures;
2014 test of masonry;

Accepted 20 March 2014 coring:

dispersion of streng_jth of a brick

ABSTRACT

Methods of determining the strength of bricks at inspection of stone buildings and structures are considered
in this article. Their advantages and disadvantages are described. Results of determination of the strength of a
brick by various methods on real objects are presented. The assessment of dispersion of strength of a brick
tested by a standard method and cylindrical samples drilled from masonry is executed. Results of experiments on
brick test by various methods, executed on the samples selected from structures and acquired at brick factory,
are presented.

The connection between the strength of samples, coring from stretcher face of bricks, and strength,
received by a standard method, is revealed as a result of research of a modern brick.
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1. Introduction

The main objective at inspection of stone buildings and structures in the process of collecting initial data for
the check calculation is the determination of the strength characteristics of materials from which they are
constructed. Only one method of determination of the strength of brick in our country before January 1, 2014 had
regulated according to normative documents with GOST 8462-85 «Materials wall. Methods of determination the
compressive strength and transverse strength» with additions in accordance with GOST 530-2012 «Brick and
stones ceramic. General specifications». This method taking into account additions consists in test for
compression of two full bricks laid on flat at each other with alignment of beds by grinding. The indirect ultrasonic
method regulated for determination of the strength of a silicate brick by state standard specification 24332-88
"Brick and stones silicate. The ultrasonic method of determination of the strength at compression" isn't considered
here.

The specified method has some drawbacks. Process of leveling a surface is time-consuming, especially old
bricks of pre-revolutionary production. When this method uses during inspection of buildings the situation
significantly becomes complicated by the need of selection of the full bricks from a laying. Besides, to select the
damaged brick, for example, undergone to defrosting, extremely difficult and it is almost impossible without
essential weakening of the construction. Selection, as a rule, is made from the least loaded area of the
construction. There are also other disadvantages.

2. Literature review

The GOST 32047-2012 «Masonry stone. Test Method for Compress» was introduced in January 1, 2014.
This standard has been prepared to meet the requirements Evrokod EN 1052-1-2009 «Test methods masonry.
Part 1. Determination of compressive strength», as well as EN 772-1«Test methods masonry elements. Part 1.
Determination of compressive strength». EN 1015-1 «Test methods for masonry mortar. Part 1. Determination of
tensile strength of cured solution flexural and compression». The essence of the standard is to test samples of
masonry load applied perpendicular to the horizontal seams, before its destruction, and the definition of its
compressive strength. This standard was developed in connection with the wide introduction in practice of
construction of many new types of masonry materials, including produced by foreign technologies, as well as due
to the need for harmonization of test methods with European norms. Application of this standard at the
examination of buildings and structures directly rather difficult. Difficulties arise with the equipment for the testing
masonry directly on the object, foreign devices are not implemented sufficiently, and there is no domestic
production. Also difficult to implement on-site individual test requirements. For example, the requirement that the
press were more pillows sample masonry.

Today, besides the standard method, different methods of determination of strength of brick compression,
including non-destructive testing, are investigated and applied in practice by a number of organizations.

Non-destructive testing the strength of bricks in our country aren't regulated (besides mentioned before
GOST 24332-88), and the error of their measurement is very high [1-2], especially at such an inhomogeneous
material as ceramic brick of plastic forming. Application of non-destructive testing methods is admissible only for
gualitative assessment of the strength of bricks [1,3] in aggregate with destructive methods and direct test of
structures [4-5]. Despite it a number of authors consider possibility of independent use of non-destructive testing
methods of the strength of ceramic brick [6-7].

There is other method of determination of the strength of the brick, mentioned in recommendations [8-9],
work [10] and investigated by authors [1]. It consists in sampling of a cylindrical form (cores). The method
consists in a coring of samples from stretcher face of briks, trimming, abrasive machining and compression
testing. The possibility of considerable selection of samples, at the expense of less labor-intensive process of
selection, processing and insignificant destruction of construction, is indisputable advantage before a standard
method. However, the application of this method at inspection of historical buildings causes a number of
guestions, connected with heterogeneity of a material even within one brick, caused by its segregation, different
degree of brick burning and other things.
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3. The purpose of work

The analysis and comparison of standard and alternative (test cores) methods for determining the strength
of bricks during the examination of stone buildings, as well as determining the possibility and conditions of the test
method cores in practice, is the purpose of this work.

The following tasks were set to achieve this goal:

4. ldentify advantages and disadvantages of the applied methods.
5. Determine the accuracy and limits of application methods.

6. Identify the presence or absence of a link between the strength of brick, obtained by various methods.

4. Dispersion of strength of a brick at inspection of buildings and
constructions

It would be desirable to stop on one of disadvantages of a standard method, especially characteristic for
bricks of historical buildings - a wide dispersion of strength. The analysis of test results is aggravated, as a rule,
with small selection of samples, in view of labor input of their extraction, and, as a result, big coefficient of a
variation (V) received results.

Collecting and the analysis of the available data, obtained by a standard test of bricks, selected from
layings of several historical buildings of St. Petersburg at their technical inspection, was executed by authors.
During the analysis it is established that selection of samples, as a rule, didn't exceed 10 bricks, and the received
dispersion of strength on compression was characterized by coefficient of variation which amount 45%. As an
example, it is possible to give the data obtained at inspection of the Shuvalovsky palace in St. Petersburg. The
compressive strength of ten selected bricks (fig. 1) varies ranging from 1.11 to 9.92 MPa and is characterized by
a coefficient of variation V = 45,8%. The same is observed at test of the bricks which have been selected at
inspection of one of cases of Smolny University (R=7,9-38,2MTla, % V=44,6), and also the public building on 17th
Line of Vasilyevsky island (R=6,2-12,8MINa, V=31%). It is obvious that it is required to increase selection of
samples considerably for obtaining adequate value of durability of masonry in historical buildings. It is in most
cases difficult, including in view of minimization of damages of structure, especially on the objects being
monuments of architecture.

Figure 1. Bricks for test by a standard technique

As for the spread of values in an alternative method of determining the strength of bricks, by testing drilled
cores, this method was introduced by authors in the scientific purposes on some objects [11], including at
inspection of the above-mentioned Shuvalovsky palace. The 37 cores were selected and tested for compression
at inspection of the arches (figure 2, 3).
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Figure 2 The cores selected from the arch Figure 3 Test of samples

The dispersion of the received values was characterized by coefficient of a variation of 32,5% that was
lower, than at test by a standard method, but, nevertheless, to rather high.

The dispersion of the received values was characterized by coefficient of a variation of 32,5% that was
lower, than at test by a standard method, but, nevertheless, to rather high. Thus, the strength of the bricks which
have been selected from buildings of historical building, in any case is characterized by a wide spread of values
that affects reliability of determination of design strength of masonry as a whole. In this regard direct test of a site
of construction, for example, system "flat jacks" (Flat-Jack Testing), widespread abroad [12-22] can be the most
reliable way to determine the strength of masonry of buildings of historical building. Today this method didn't find
widespread introduction in Russia and not worked in the necessary extent. Besides, not each customer of
inspection will be agrees to test conditions, namely, to cost of the work and destruction (damage) of a tested site
of a wall [23] which needs to be strengthened subsequently to some extent.

Despite the advantage of a method of flat jacks from the point of view of an integrated assessment of the
strength of masonry there is one shortcoming, besides stated above. Test is made selectively within a tested site
of a wall. Furthermore, it is difficult to identify unambiguously the test area. For example, the masonry of the
smallest pier on the section, as a rule, subject to calculation, won't be obligatory has the lowest strength. It is
connected with that the masonry of buildings of historical building is often executed from diverse materials (both a
stone and solution), including at the expense of existence of the reconstructed sites (strengthened) in the different
periods. We will give two examples to substantiate this thesis.

Example Ne1. The selection of cores from brick masonry was made by authors at inspection of building to
the address of Nevsky prospect 136 for the purpose of definition of possibility of a superstructure (figure 4).
Selection is executed from all partitions of the first floor of a facial facade. At selection it is revealed that the
masonry is executed from three types of a ceramic brick: two types of ceramic solid, allegedly pre-revolutionary
production, and brick with the perforated emptiness, made during the Soviet period and used for strengthening of
the damaged sites of masonry. It should be noted that the facade of the building is plastered and heterogeneity of
a masonry material is revealed only at the expense of a large number of selected cores.

Example Ne2. The selection of 30 cores is executed from masonry of walls in level of the first floor at
inspection of building to the address of Zhukov street 17 A, executed for check of its accident rate, established by
the previous inspection (figure 5). Such selection of samples allowed to establish that as a whole strength of brick
has a wide spacing within 15,3 — 59,2 MPa. However, it was revealed by the test results that the dispersion of
strength is caused by existence of a brick of different manufacturers. The two groups of the bricks used in
masonry are accurately allocated in the data analysis. The first group had average strength in the range 15,3-27,0
MPa, and the second 36,1-59,2 MPa.
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Figure 4. Sampling sites from building walls to the address: Figure 5. Sampling sites from building walls to the
Nevsky prospect 136 address: Zhukova street 17

These examples show that in addition to assessing the actual strength of masonry materials is very
important to know the variation of its values, caused both by heterogeneity of the strength of bricks of the one
look and the presence of different types of bricks in masonry. It is especially actual for masonry of old buildings.
Besides there are structures, selection from which full bricks or masonry test in nature is extremely difficult or
impossible. The arches, columns or piers with small dimensions of cross section are the examples of such
structures. The method of selection of cores is represented optimum for the reasons, stated above, for
identification the dispersion of strength and identification the test sites.

In a case with test of a modern brick a situation a bit different. Authors put a number of experiments to test
the modern bricks by a standard method and coring. Research was executed on samples both selected on
objects, and acquired at brick factory.

The analysis of test results of bricks, which have been selected from various objects, was made for an
assessment of the dispersion of strength received by a standard method. The received dispersion of strength was
characterized by small coefficient of a variation within V=6-12%.

The experience with six types of brick most often used in construction: M150-M500, was put to assess the
dispersion of strength of cores drilled from a stretcher. On the basis of tests the dispersion of strength was
characterized by coefficients of a variation of V=6-16%.

Thus, both the standard test method and test of cores, in a case with a modern brick, give rather small
dispersion of values. However the alternative method of determination the strength of a modern brick is more
preferable standard, in view of its smaller labor input, bigger selection, smaller damage of structure and possibility
of sampling from the loaded sites.

5. Communication between values of strength of a brick by two
methods

The main objective which decision will allow to use a test method of cores into practice, is communication
establishment between strength of samples - cores and strength obtained by standard method. The solution of
this task also is the purpose of the scientific researches which are carried out by authors.

The experiment described in work [1] was made by authors in 2012 to establish a connection between core
strength and strength of brick received by a standard method on three types of a ceramic brick of M150, M20,
M250. Close connection between the strength determined by different method, characterized by a coefficient
0,77, was established as a result of experiment.

In 2013 authors made similar experiment, but with bigger selection. 80 ceramic bricks of one type was
acquired at the factory for the experiment. 240 samples cores, drilled orthogonally to stretcher, and 40 samples
for test by a standard method are made in laboratory condition. All samples were dried up to the constant weight
to avoid influence of humidity on the final result that is proved in work [24].
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Figure 7. Samples for testing by the standard
method

Figure 6. Part-drilled core samples

Figure 8. The test of the standard sample

During processing of the test results revealed that the average strength of the samples tested by the
standard method, was 40 MPa. At the same time the wide dispersion of strength which varies within 28,7-50,9
MPa is revealed. Average value of strength of cylindrical samples was 28,5 MPa with dispersion of strength from
17,9 to 55,3 MPa.

Thus, the ratio of the average strength values of cylindrical samples to the average strength of the samples
tested by the standard method is 0.72. Communication between the strength obtained by different test methods,
is close to the results of previous tests (0,77). However, considering difference of the received coefficients, it is
possible to draw a conclusion about the inadmissibility of operating by only average values of strength. Carrying
out statistical processing of the received results, and also assessment of influence of additional factors
unaccounted in experiment, is necessary.

6. Conclusion

As a result of the executed researches it is possible to formulate the following conclusions:

1. The test results of the brick which has been selected from the masonry of historical buildings, on
compression by a standard method and test results of cylindrical samples are characterized by
considerable dispersion of values. It is connected with high heterogeneity of a material within one brick,
and also application in the masonry different types of bricks.

2. The most reliable way to determine the strength of masonry of historical buildings direct test of a site of
masonry is represented. However the choice of a site of the masonry which is subject to test and
subsequently to calculation isn't always obvious, in view of heterogeneity of an applied material. For
identification of dispersion of strength and sites of direct test of construction the method of selection of
cores is represented optimum.

3. The strength of a modern brick is characterized considerably by smaller dispersion of values and low
coefficient of a variation from 6 to 16%.

4. Communication between brick strength by a standard method and durability of cylindrical samples, drilled
of a modern brick is observed. Those not less for dependence establishment between two parameters it is
necessary to consider other factors, besides the humidity, influencing at the final result. Besides it is
required to carry out high-quality statistical processing of research results.

Authors in the scientific researches plan to be engaged further in the matters.
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