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AHHOTALUMNA

BBepeHue. lNpencraBneHbl pesynsTaTbl 3KCNepUMeEHTalbHbIX UCCNEA0BaHNA MHHOBALMOHHON 3D-reopelueTkn B cpaBHe-
HVN C TPaAMLMOHHO BbiNyCcKkaeMbIMU nrockumu reopetuetkammn Cnaspoc C1-40 n Apmocet b, npyMeHseMbiMu ANst apMu-
pOBaHWsA rPYHTOBbLIX OCHOBaHWIA. B xofe akcnepuMeHTanbHbIX CCNefoBaHWi OLEHUBANMCh NMOBPEXAAEMOCTb reopeLLeTok
npv BO3AEVCTBUN YNIOTHSOLLEN Harpy3ku, pasaenstowas qyHKLMS reopeLleTok U 3akMHMBatoLWwas crnocobHOCTb.
MaTtepuanbl u MeToabl. 3aknMHuBaoLas cnocobHOCTb, pasaenstoLas MYHKLMSA U YCTONYMBOCTb K Pa3pyLLIEHUIO FOTOBbIX
06pas3LioB reopeLleTok OLeHUBanucb B N1abopaTopHbIX YCMOBUAX C MPUMEHEeHNEM pa3paboTaHHON KOHCTPYKLMW UCTbITa-
TEMbHOIO KOHTENHEPa, KOTOPbIN NpeAcTaBnseT cobov MeTannmyeckyto Kopobky pasmepamu 20 x 20 x 20 cm 1 meTannu-
YecKyto KpbllwKy pa3mepamu 19,5 x 19,5 x 10,5 cm ¢ TonwmHoM cTeHok 5 MM. B kauecTBe npecca Ansi MOAENMPOBaHMS
YMNOTHSAOLLEN YCTaHOBKM MCMONb30oBanack ruapaenuyeckast ycraHoska 3VIM [1-10.

PesynbraTbl. Pe3ynstaTbl UCMbITAHWIA HA NOBPEXA4aeMoCTb nokasanu, 4To obpasubl reopeluetkn Apmocet b n Cnaspoc
C[-40 nony4nnm MHOrouMCreHHbIE MOBPEXAEHUS B BUAE paspyLueHusi pebep, BMSTUH U NepernboB oTaernbHbIX CTpeHTr. Vc-
xofs 13 obLuero konuyecTsa NOBPEXAEHUIA U XxapakTepa NOBPEXAEHUS YOXEHHOro crosi Bymary B kKavyecTse mHavkaTopa
3aKIMHUBAHVE KaMEeHHOro MaTepuana MUHUMansLHoO, HabnAalTCs XxapakTepHble Pa3pbiBbl HA NINCTE U 3aMETHO NMPOHMKHO-
BEHWEe KaMEHHOro MmaTepuana yepes apmmpyemyto reopeluetky. [ina 3D-reopeluetku, MCXoAa U3 KonNnyecTsa NoBPeXAEHNN
Ha crioe Bymaru, MOXXHO roBOpUTb O JOCTAaTOYHOM 1 BbICOKOM NPOLIEHTE 3aKMMHUBaHUS KaMeHHOro matepuana. leopelueTtka
OTIUYHO CnpaBunack C PyHKUMEN pasgeneHns CrioeB pbIXoro necka v webHs. 3aknMHuBaHWe KaMeHHOro matepuana
NMPOVCXOAUT BbILLE CMOSi apMMPOBAaHMWSA, YTO OYEHb BAXHO ANA apMUPYOLLMX MPOCMOEK U MOBbIEHWSA 3P eKTUBHOCTU
apMM1pOBaHUS CroeB.

BbiBogbl. Pe3ynbrathl 3KCNepuMeEHTarnbHbIX MCCeaoBaHWin ¢ pa3paboTaHHOW KOHCTPYKUMEN WHHOBaUMOHHOW 3D-reo-
peLleTkn NPOAEMOHCTPMPOBANN, YTO reopeLleTka UMeeT 3HauuTernbHble NepcrnekTuBbl Ans NMPUMEHEHUst ee B KayecTBe
apMupytoLLei NPOCIOoNK/ B rpaXaaHcKoM cTpouTenbcTBe. TpebyeTcs npoBefeHne 6omnee MaclTabHbIX 9KCNepuMeHTanb-
HbIX UCCrefoBaHU Aa OLEHKN 3KCnyaTaumoHHON apdMEKTUBHOCT.

KINKOYEBBIE CINOBA: reopelueTka, 3akinMHMBatoLLas cnocoBHOCTb, LebeHb, Necok, pa3aeneHue Croes, NoBpPeXaaeMoCTb
reopeLueToK, ynrnoTHeHne

brnazodapHocmu. ABTOpbI BblpaxatoT OnarogapHOCTb 3a MOMOLLb B MPOBEAEHUN IKCMEPUMEHTarbHbIX UCCreaoBaHWUi
Ockangepy Anuwweposudy PyctamoBy n KpuctnHe AngpeesHe KynnkoBow, a Takke peLeH3eHTaMm.
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ABSTRACT

Introduction. The paper presents comparative results of experimental studies of innovative 3D geogrids in comparison with
traditionally produced flat geogrids Slavros SD-40 and Armoset B, used for reinforcement of soil foundations. Damageability
of geogrids under compaction load, separating function of geogrids and wedging ability were evaluated during experimental
studies.

Materials and methods. The wedging ability, separating function and resistance to failure of ready-made geogrids samples
were evaluated in laboratory conditions using the developed design of a test container, which is a metal box with dimensions
20 x 20 x 20 cm and a metal lid with dimensions 19.5 x 19.5 x 10.5 cm with a wall thickness of 5 mm. A ZIM P-10 hydraulic
machine was used as a press to simulate the sealing unit.

Results. Damage test results showed that the Armoset B and Slavros SD-40 geogrid specimen sustained numerous dam-
ages in the form of rib failures, indentations and kinking of individual strands. Based on the total amount of damage and
the nature of damage to the laid paper layer, as an indicator, the jamming of the stone material is minimal, characteristic
tears on the sheet are observed and the penetration of the stone material through the reinforced geogrid is noticeable. For
3D geogrid, based on the number of damages on the paper layer, we can speak about a sufficient and high percentage
of stone material jamming. The geogrid perfectly coped with the function of separation of loose sand and crushed stone lay-
ers. The jamming of stone material occurs above the reinforcement layer, which is very important for reinforcing interlayers
and increasing the efficiency of reinforcement layers.

Conclusions. The results of experimental studies with the developed design of innovative 3D geogrid showed that this
geogrid has significant prospects for its application as a reinforcing interlayer in civil engineering. More extensive experimen-
tal studies are required to assess the operational efficiency.

KEYWORDS: geogrid, jamming capacity, crushed stone, sand, layer separation, geogrid damage, compaction
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BBEJAEHUE

B COBPEMCHHBIX YCJIOBUAX CTPOUTECIBCTBA IIH-
pOKOE MPUMEHEHHE HAXOIAT TaKHe T€OCHHTETHYe-
CKHE MaTepHalibl, Kak reopemerku. OHU aKTUBHO HC-
MOJIB3YIOTCS IPH YKPEIUICHWH TPYHTOBBIX OCHOBAHHN
oJ| pa3nuyHble (PyHIaMEHTHI, IS TIOBBIIICHUS HECY-
e CIOCOOHOCTH CJIA0BIX TPYHTOB, Pa3ICiICHHUSI CIIO-
eB. B TOpOXHOM CTPOUTENBCTBE TEOPEIIETKHA AKTUBHO
MIPUMEHSIOTCS JIISl BEITMYCHISI HECYIIEH CITIOCOOHOCTH
OCHOBAHMH JOPOKHBIX OJEK]l U KOJIEEyCTOMYHUBOCTH
JIOPOXKHBIX OfeXk A [1], a TakKe A yMEHBIIICHHS TOJI-
IIMHBI KOHCTPYKTUBHBIX ciioeB. Kpome Toro, apmupo-
BaHME TPYHTOBBIX OCHOBAHMI HAIPABICHO Ha TOBBIIIIE-
HHUE TOJITOBEYHOCTH KOHCTPYKITHH.

CeFO[lH)I Ha PBIHKE TCOCUHTECTUYCCKUX MAaTCPHaiOB
MIPEICTaBICHO OONBIIOe pasHOOOpa3ue KOHCTPYKIUN
reopenieTok. B OCHOBHOM WX OTIUYHE 3aKIHOYAeTCS
B (hopMme u pasMepax sSUeHKH, TEXHOJIOTHH U Crocobax
MIPOM3BOACTBA (TJICTEHBIE WIIN CBapHBIE), B HCIIOIb3Ye-
MbIX MarepuasiaXx. OCHOBHas (popMa siYeeK KBaJIpaTHas
U TpeyroyibHasi, pa3meps! koieomoTest oT 20 1o 50 M.
Ecte u gpyrue yHuKaIbHBIC perneHus. [Ipu aTom s 1o-
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PO’XKHOTO CTPOMTEINILCTBA LIMPOKOE NPUMEHEHHE HAIIIH
TEOPEIIETKH, HCTIOIb3YEMbIE C IIEIbI0 aPMHUPOBAHUS ac-
(hasTbTOOETOHHBIX CIIOEB, BHIIIOTHEHHBIE U3 0a3aI6TOBO-
TO WJIM CTEKJIOBOJIOKHA. OHHM YKIIaJbIBAIOTCSI MEXTY CIIO-
MU acanprodeToHa pH TemMneparypax sbimie 120 °C,
YTO 00eCHeYrBaeT UX YCTOWYMBOCTh B XOJ€ YKIIAJKU
U TIOCJIETYIOIIEeH SKCIITyaTalHH.

CTOUT OTMETHTbh, YTO B OCHOBHOM T'€OPEIIETKH
BBIITyCKAIOTCSI IPOU3BOAUTEISIMA TNIOCKHMH, TPOIHK-
TOBAHO 3TO HEOOXOJMMOCTBIO YMEHBIICHUS TOJIINHBI
MIPOCIIONKN 1 CHWKCHHEM MaTepHaToeMKOCTH. DTO
UMEeT U CBOM HEOCTaTKU. B wacTHOCTH, 3a cueT maoi
TOJIIMHBI YMEHBINAETCS MIyOWHA HOTPY)KEHHS B CIIOU
Y HECKOJIBKO CHIDKAETCS aJire3ust MEeXIy CJIOSIMH, a TaK-
K€ COKpAIIAeTCsl apMHUpPYIoIas crnocoOHOCTh. Bo3mo-
JKEH CIIBUT MEKJLy CIIOSIMH, TIPH KOTOPOM MOBPEKIACHHS
TeOPeLIeTKA MPUBOAIT K 3HAYUTEIHHOMY CHIIKCHHUIO
ee MPOYHOCTH [2], TeM caMbIM Hapymiaercs Tpedyemas
MOHOJIUTHOCTH U, KaK CJIEACTBHE, HACTyMaeT ObIcTpoe
paspy1enne mokpoITusi. [oBopst o pazaenstroreit GpyHk-
IIMY TeOPEUICTOK, KOT/Ia MX IPHUMEHSIIOT JUTs pa3eIeHHs
CIIOEB (HaIIpUMep, «IIeCOK — IIeOSHbY), TO paCCUNUTHIBA-
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10T Ha BO3MOXXHOCTb 3aKJIMHUBAHUSI KAMEHHOT'O MaTepH-
aja ¥ CTaOMITH3aINI0 €0 CBOWCTB B IPOIIECCE TOCIIEIY-
IOIIEeH SKCIUTyaTal ¥ Ha MHHIMH3AINI0 BO3MOKHOTO
B3aMMHOI'0 IPOHUKHOBEHUS CII0€B APYT B ipyra. BaxHo,
4yTOOBI KAMEHHBIN MaTepHajl He MPOHUKAJI B ITECYaHbIe
CJIOW ¥ COXPAHSUTICH MPOEKTHBIC TOIIMHBI CIIOEB, a TaK-
K€ TIOPUCTOCTh KAMEHHOTO MarepHaa He KOMIEHCHPO-
BaJlach Obl MPOHMKAIOIIUM B TIOPBI IECYAHBIM TPYHTOM.
J10OUTBCST 3TOr0 MOXHO TOJBKO B TOM CITydae, €CIIM T€0-
perieTka o0ecrieqrBaeT JOCTaTOUHYIO 3aKIIMHUBAIOIILY O
CIOCOOHOCTH KAMEHHOTO Marepuara, Py KOTOpOH Iiie-
OeHb HEe TPOCAYMBACTCS CKBO3b SUYCHKH U 00eCTIeInBaeT
HaJIOKHOE Y/IepyKaHHe KAMEHHOTO MarepHaia B HIKHUX
ciosix. IMeHHO 371ech TPOSBIISIIOTCSI OCHOBHBIC HEJIO0-
CTaTKM INIOCKHUX TeopemnieTok. [lmockas moBepxHOCTH
HE MO3BOJISIET HAJISKHO YIePKUBATh KOJIOTHIH KaMeHb
(11e6eHb), 4TO CIIOCOOCTBYET CPBIBY €TI0 C TOBEPXHOCTH.
Taxoke 1 ob6ecriedeHust 3aKIMHUBAHAS TPEOYeTCsI, 4TO-
OBl pa3mep siYeHKU COOTBETCTBOBAJ pa3Mepy KAMEHHOTO
Mmarepuaina. EcTb pekoMeHaaIum, o KOTOpsIM pa3Mep
SIMEMKM HE JOJDKEH MPEBBIIIATH JIByX pa3MEpOB caMoOil
OOJIBIIION (hpaKIKHK IICOHS.

B nocnennee BpeMsi B OTEUECTBEHHOH 1 3apyOexk-
HOMW TIpaKTHKE aKTHBHO CTaJIM 00CYX/IaTh MOBPEKIa-
€MOCTb I€OpEIETOK, YIOKEHHBIX MEXK/Y CIOSIMHU Ka-
MEHHOTO MaTepualia WiIH CJIOSMH IecKa U KaMEHHOTO
Marepuaina. Pe3yasTarsl B psijie CIydacB HEYTEIINTEIb-
HbI [3-5]. IIpryem moBpekAaeMOCTh HAMIPSIMYIO 3aBH-
CHUT OT Marepuaa, U3 KOTOpPOro U3roTaBINBACTCS I'e0-
pemretka [6]. ['eoperneTku, TOTyYeHHBIE SKCTPY3HOH-
HBIM METOJIOM, 00JIee YCTONYMBBI K YIapPHBIM HArpy3KaM
1 UCTUPAHMIO, HO 32 CUET CTPEMIICHHUS TPONU3BOANTEIICH
COKOHOMHUTH MaTepHai MpH MPOU3BOACTBE TOIIINHBI
pebep CHIIbHO YMEHBIIAKTCS, YTO NPUBOAUT K UX 00-
Jiee BBICOKOW MOBPEX/IaeMOCTH, O YEM TOBOPSIT HCCIIe-
JIOBaHUsI, HAIIPABJICHHBIC HA YHCICHHOE MOJIEINPOBa-
HUe paspyieHus: pedep reopemerok [7-9]. [Topoii [3]
nu3Hoc MoxeT gocturarb 90 % OoT mepBOHaYaJIbHOU
MIPOYHOCTH, YTO MPAKTUIECKH CBOJHUT HA HET BCE BO3-
JIO)KEHHBIC HA TEOpEIIeTKY 00s53aTeNbCTBa 10 YKpEell-
JICHUIO U apMUpPOBaHHUIO cioeB. He mMeHee akTyanb-
HBIM aCIIEKTOM SBIISIETCS U CTOMKOCTB K BO3EHCTBHUIO
npUpoOAHBIX (hakTopoB. B psne pabor aTomy yaeneHo
ocoboe BHuManue. Tak, Bo3neiicTBue ynprpaduoiera
u temnepatypsl [10—12] Moxer emne 10 yKIaIKu reo-
PELIETKH YMEHBIINUTh €€ MPOYHOCTH Ooee uem Ha 50 %.
BesycioBHO, 1 KyabTypa NPON3BOACTBA pabOT OKa3bIBa-
©T 3HAUNTEIHHOE BIMSIHUE Ha TIOCIIEIYIOIIHE YKCIUTyaTa-
IIUOHHBIE XapaKTEePUCTHKHN 00bekTa. Ilpn ykmaake reo-
PELIETOK JII00bIE TEPEKOCHI, YMBIIUIEHHOE U3MEHEHHE
TEOMETPHUH IPUBOIAT K TOMY, YTO T€OPEIIETKA H3MEHSI-
€T CBOM XapaKTEPUCTHKH U OoJiee aKTUBHO MOJBEPIKe-
Ha MOBPEX/1AeMOCTH M CHWKEHHIO HKCILTYaTallMOHHBIX
mapameTpoB [2]. KpoMe Toro, Ha reopernieTky, yInoKeH-
HYIO Ha TO/IFOTOBJIICHHYIO IIOBEPXHOCTh, U3 CAMOCBa-
Jla BBITpYXaercs mebdeHb, YTo npu BbicoTe Oonee 1 M
BBI3BIBACT CYIIECTBEHHBIC MOBPEXKICHUS M AaXKe Pas-
pyuienue. M3zyuennto aToMmy 3 QeKTy mocBsiieHo uc-

cnenosanue [13], B KOTOpOM pacCMOTPEHO MOBPEkKIE-
HUE TeOpeIIeTOK NMPH MaJeHUH KaMEHHOI0 MaTepHaa
¢ BBICOTHI | 1 2 M. Pe3ynbraTsl HccnenoBannii moxasa-
JIY, YTO OIHOPOJHOCTH pa3Mepa KaMEHHOTO MaTepuana
OKa3bIBa€T HaMOOJIbIlIEe BIMSHUE HA TIOBPEKIAEMOCTh
TEOpemeTOK. A B NMPAKTHKE CTPOUTEIHECTBA MMEHHO
OJTHOPOIHOCTHh KAMEHHOTO MaTepHaja Halia Han0o-
Jee mMpokoe npumeHeHue. CMecu U3 KaMEHHBIX Ma-
TEPHAJIOB UCTIOIB3YIOTCS 3HAYUTENBHO pexe. Bee aTo
CO3JIa€T ONPEAEICHHBIE CI0KHOCTH JUIs IPOU3BOJCTBA
pabort. [Ipu 3TOM Ba)KHO U TO, YTO IICOCHb UMEET PBa-
HYIO IOBEPXHOCTH, KOTOPast JOCTATOYHO JIETKO Tepe-
pesaeT Wi nepepyoaet oTJeNbHbIEe pedpa reopenieTKy.

Hecmotpst Ha 6oITbIIIOE KOIMYECTBO PadoT, MOCBs-
IICHHBIX U3yYCHHUIO 0COOEHHOCTEH apMUPOBAHUS KOH-
CTPYKTHBHBIX CJI0€B U 0OcHOBaHUi [ 14—18] u onieHke mo-
BPEXKJIAEMOCTH T€OPELICTOK, PACIOIOKECHHBIX MEKIY
CIOSIMH KaMEHHOTO MaTepuajia HJIH CIOSIMHU MecKa
1 11eOHs1, NCCIIE0BAHM, HAITPABICHHBIX Ha OIICHKY 3a-
KJIMHUBAIOIIEH CIOCOOHOCTH, NPAKTUYECKH HET. A 3TOT
(hakTOp ABMACTCS OJHUM M3 BAXHEHIIUX C TOUKH 3pe-
HUSI TIOBBIIICHNSI HECYIIeH CIIOCOOHOCTH M YMEHBbIIIe-
HUS TOJIUHBI KOHCTPYKTUBHOI'O CJIOs, @ TAKKE CHHUXKE-
HUA 3P (PexTa B3aNMHOTO TPOHUKHOBEHHSI CIIOEB IPYT
B JpyTa.

Ha nporskenuu psga jaeT KOJIIEKTUBOM aBTOPOB
MPOBOAATCS HMCCIEAOBAHUS IO M3YyUYCHHUIO OCOOCH-
HOCTEW apMHUpPOBaHUS OCHOBAHUN MHHOBAIIMOHHOMU
3D-reopemeTkoii [19, 20]. Pe3ynprarsl yHUKaIbHBI
KaK B YaCTH apMHPYIOMIeil CIOCOOHOCTH, TaK M 3a-
KIIMHUBAIONIEH CTOCOOHOCTH KaMEHHOTO MaTrepuala.
VccnenoBaHus MPOAOIIKAIOTCS B 3TOM HallpaBICHUU.
B pamkax manHO# myOnmKamuy OyqyT MpeACcTaBICHBI
Pe3yJbTaThl SKCIIEPUMEHTAIBHBIX MCCIIeIOBaHNH, Ha-
MIpaBJICHHBIC HA CPAaBHEHUE T€OPEIIETOK MO MOBPEKIa-
€MOCTH ¥ 3aKIMHUBAIONIEH CIIOCOOHOCTH TIPH YKIIAIKe
MX MEXJy CIIOSIMH MIeCKa M KAMEHHOTO MarepHara.

IIpensnoxen HOBBIN crOCOO OLIEHKU 3aKJIMHUBA-
IOIIei CIOCOOHOCTH KAMEHHOTO MaTepuaia, KOTOPBIA
IpeoaraeT yKJIaJKy Jiucta OyMaru B Ka4eCTBE WH/TU-
Karopa. YHUKaJIBbHOCTh 3TOTO CIIOCO0a COCTOUT B TOM,
YTO OH TO3BOJISICT HATJIATHO YBUICTH PA3HUILY IPH
CpPaBHEHHH HECKOJBKHX T€OpEIIETOK Ha 3aKJIMHHMBa-
IOIIYI0 CIIOCOOHOCTh M HACKOJIBKO 3()(HEKTHBHO reo-
peIeTKa yaepKuBaeT KaMeHHBI MaTepral OT €ro Mmpo-
HUKHOBEHUS B I1€CUYAHBIE CIIOH.

MATEPHUAJIBI I METO/bI

3aKkIMHHUBAIONIAS CIIOCOOHOCTH, pa3aeisionias
(GYHKIHS U YCTOMYMBOCTH K Pa3pyIICHHIO TOTOBBIX
00pa3IoB reopemeTok, BKI0Yasi HHHOBAIIMOHHYIO
3D-reopemuieTky, OleHUBAINCEH B Ta0OPaTOPHBIX yCIIO-
BUSIX.

Lenp skcreprMeHTa 3aKiodaiach B He0OX0H-
MOCTH OIICHKH T€OPEIIETOK Pa3IMYHON KOHCTPYKIHH
1 MaTepHualia B IPOIecCce YINIOTHEHNS Ha TPaHUIIe CII0-
€B «IEeCOK — Ie0eHb» C MOCIEAYIOINM CPaBHEHHEM
WX MEXaHMYECKON YyCTOWYUBOCTH K pa3pylICHHUIO
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Puc. 1. DxcrpynuposanHas reopemierka Cinaspoc C/1-40

IO TTOBTOPSIEMO CTAaTUYECKOH HArpy3Koi M 3aKIMHU-
BArOIIEN CITOCOOHOCTH.

g sxcriepuMenTa ObITH 0TOOpaHBI CIEAYIONINE
00pasIibl FeOpeNIeToK:

1. OxcrpynupoBanHas reoperetka Crnaspoc CI-40
¢ siueiikoit 40 x 40 MM (puc. 1).

B Tabin. | nmpencrasieHs! (U3NKO-MEXaHNIECKHE
mokazarenu reopemetku CI-40.

2. Tkanas reopenretka Apmocet b ¢ saeiikoit 30 x
x 30 MM (puc. 2).

B tabn. 2 npuBeseHb! HU3MKO-MEXaHUIECKHUE T10-
Kazarenu reopemeTrku Apmocer b.

3. nnoBaunonHas 3D-reopererka st apMHpO-
BaHUSI IOPOXKHOHM OZEKABI C Pa3MEpOM IO JUaroHaJIn
70 MM (puc. 3).

Puc. 2. Tkanas reopemerka Apmocer b

XapaKkTepuCTHKN TeOpeIIeTKH: MaTepran — Petg;
JIUaMeTp OTBepCTHS — 63 MM; BBICOTa pebpa — 8 MM;
muprHa pedpa — 10 mm.

leoperieTka Jyist apMUPOBAHHMST JIOPOIKHON OZIEK/IbI
MPENICTABILIET COO0M KOH(PHUTYPAIIUIO STICCK TPEYTOIHHON
(hopmbl, 00pa3oBaHHBIX TepecedenreM pedep. Kondury-
panst s'aeek 00pasyeT MPaBHIIbHBIN MIECTHYTOIbHIK.

CyTb HCHBITAHUS 3aKIFOYAIach B MOJCITUPOBAHUN
TEXHOJIOTUH YKJIAJKH T€OPEIIETKH U MEXaHUIECKOM I10-
BPEK/ICHUH €€ BCIIEICTBHE KOHTAKTa C KAMEHHBIM Ma-
TEpUaJIOM B MIPOLIECCE YIUIOTHEHUSI.

JUist McTIbITaHUI MCIOJIB30BAJIACH THJIPABINYECKast
ycranoBka 31IM I1-10, kotopas cocTosiia U3 Harpy3ou-
HOH IJIUTHI, UCIIBITATEILHOIO KOHTEHHEpPa U CUIIOBOM
YCTaHOBKH, co3/1atomniel Tpedyemoe nasnerne (puc. 4).

Tab.. 1. dusuxo-mMexanuueckue rnokaszarenau reopemerku Ciaspoc CI-40

ITokazarenn 3HaueHue
Harpy3ka npu pactsbkennu, KH/m, He MeHee:

* IIpU HOPMHUPYEMOIl Harpy3Kke BJIOJIb/TIONEPEK; 40/40
MPH OTHOCHUTEIBHOM YATMHEHHH: 13/13

* 2 % BrOJB/MIONEPEK;

* 5 % BHoOMIB/TIONIEPEK 26/26
Pasmep sueiiky, anuHa/mmpruHa, MM 40/40
IIepexoc stueek, rpaaycsl +3
[Iupuna pynona, M, He Gonee 4
Jlnuna pynona =1 %, m 50

Taou. 2. Texuudeckue xapakrepucTiuku Apmocer b
Ioka3zarens 3Hauenue
Harpyska npu pactspkennn, kH/m, He MeHee:

* TIpH HOPMHPYEMOil Harpy3Ke BIOIB/TIONEPEK; 50/50
TIPU OTHOCHUTEIILHOM Y/ITHHEHUH: 12.5/12.5

* 3 % Bmodb/monepex
Pazmep staeiixu, MuHHA/MMPUHA, MM 42+£2/42+£2
Tepexoc stueek, rpaxycst He nopmupoBano
[upuna pynona, m, He Oosee 52+0,1
Jnuna pynona =1 %, m 100
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Puc. 3. uaoBaunonHas 3D-reopermeTka A1 apMUPOBAHUS
JIOPOXKHOMN OJEMKIBI

IKCNEepUMEHT

Jlist mpoBeIeHUs! NCTIBITaHUH OBLIT U3TOTOBJICH HC-
IIBITATEIbHBIA KOHTEHHEP, KOTOPBIH MPEACTaBISET CO-
00l MeTaITNYeCKyI0 KOpoOKy pasmepamu 20 X 20 x
% 20 cM B METAIUTMYECKYTO KPBIIIKY pa3Mepamu 19,5 x
x 19,5 x 10,5 cM (puc. 5) ¢ TONIMHON CTEHOK 5 MM.

C uenplo U3y4eHHst 0COOCHHOCTEH apMHUPOBAHHMS,
OLICHKH 3aKJIMHUBAIONICH CIIOCOOHOCTH, a TaKKe OLICH-
KM (QYHKIMN pasJelieHus CII0EeB MTPOU3BOIMIOCH TPU
BU/Ia HCIIBITAHUH:

1) Ha rpaHMIIE CII0EB «PBIXJIBIN IIECOK (HE YIUIOTHEH-
HBII — €CTeCTBEHHOTO HACKHINAHK ) — Oymara — IeOeHb;

Puc. 5. lcnbITaTenbHBII KOHTEHHEP (MeTayuTmuecKas Ko-
poOka): / — MeTaTmyecKas KpbIKa; 2 — CJIOH OCHOBaHHS
(rparuTHbI meders M1000 ¢ppakuuu 20-40 Mmm); 3 — pas-
JISNSIOIINH CIIOH M3 TEOPEIETKH U JTUCTa Oenoil Oymaru B Ka-
4eCTBE MHAWKATOPA JUIA OLCHKH 3aKIMHUBAIOMIEH CIIOCO0-
HOCTM KaMEHHOI'0 MarepHuaiia; 4 — JOTOJIHUTENbHbIN CI0i
OCHOBAHUS — IMECOK CPEAHEH KPYIMHOCTH

Puc. 4. I'mnpasnudeckas ycranoska 3VIM I1-10

2) Ha TPaHUIIE CIIOEB «YIUIOTHEHHBIH MTeCOK (K03 (-
¢unpuent yrnoraenus 0,93-0,95) — Oymara — mie6eHb»;

3) Ha TpaHMUIIE CTI0EB YIUIOTHEHHBIH TIECOK (KO-
¢unpent yrutorHenus 0,98) — Oymara — meOGeHby.

Jlis xaXkaoro BUAa MCIBITAHANA OTOOpaHO Mo TpH
o0pasiia ucciaeayeMbIX reopemeToK.

Puc. 6. [ToaroroBneHHOE OCHOBAHUE U3 MECKa CPETHEH KPyTI-
HOCTH
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Puc. 7. YiaoxxeHHBIN clOH meOHS HA ITECYaHbIH CII0H, clioll OyMaru U HCIBITHIBAEMYIO T€OPEIIETKY

Ha mrO ncmsITaTensHOTO KOHTEHHepa (prc. 6) yKia-
JIBIBAJICS CJIOH IpaHyIMPOBaHHOTO Marepuaa (IIeCOK Cpeji-
Hel kpynHocTH) TommuHoN ot 30 10 40 MMm. B mepBom
WCITBITAaHWH CJION TTecka He YIUTOTHSIICS. Bo BropoM ncibI-
TaHUH MIECOK YIUIOTHSIICS HArPY304HOM IUTUTOM J10 KO3(-
(urmenta yriotaenust 0,93-0,95. B TperbeM uctibITaHUH
JUTS YTUIOTHEHWS, TOMHAMO BO3ICHCTBUSI HATPY30YHOH TITH-
ThI, ObLIH 00ECIeUeHbl ONTUMANIbHAS BIAXHOCTh 89 %
u foBeneHne ko duimenTa yrutoTHenus 10 0,98.

3areM Ha ITOATOTOBICHHOM OCHOBAHHH PacIojia-
raJjicst IUCT Oenoi Oymaru, KOTOPBIi B mpoiecce mpo-
BEJICHUS MCIIBITAHUH MTO3BOJISIT ONPEACTUTH MPOIECHT
3aKIUHUBAHUA IMEOHS U YPPEKTUBHOCTH 3aKIMHKH.
Takum 00pa3oM, OH BBICTYIIAJT B POJIA HHIUKATOPA.

l'eopemeTka pa3Menianack Ha MOATOTOBICHHOM
OCHOBAHHH B IICHTPE KOHTCHHEpa U 3aCHINANach CIIOeM
meons M1000 ¢paxiuu 20—40 MM TonmuHOK oT 60
1o 70 MM (puc. 7).

B npomecce ogHOTO MCTIBITAHHUS Yepe3 Harpy304-
HYIO IUTUTY TPHU pa3a IMpuKiIaeiBaiack Harpyska 80 kH
1 BbIIEepKHUBasiach B TeueHue 30 c.

Harmee oOpa3er U3BICKAJICS M BBITTOIHSIIACH BU3Y-
aJyibHasl OLICHKA U (DPUKCAIIUS TIOBPCIKICHUH.

PE3YJIBTATHBI HCCIEJOBAHMUSA

Pe3ynbrarThl HCIIBITAaHUH HAa IPAHUIE CIOCB «PBIX-
JIBIH TIecOK — Oymara — medeHby.

1. Teopemerka Apmocer b.

Ha nHo ucnbITarenbHOro KOHTEHEpPa yKJIaablBal-
cs cJ0# phIxJioro necka ToiamuHon ot 30 1o 40 MM.
Janee ykmansiBaiics cioit u3 Oymaru, reopemerka Ap-
mocet b u cBepxy 3acwinaincs meders M 1000 ppaximn
20—40 mm TommuHON 60-70 MM.

Ha puc. 8 mpeacTaBieHs! pe3yiabsTaThl HCIBITAHUH.

ITo pesynpTaTaM HEpBOTrO UCIHBITAHUS BHUAHO,
4yT0 00pasen reopemetkn Apmocet b momyunn MHOTO-
YHCIIEHHbBIE TOBPEX/ICHNS B BU/IC BMATHH M IIEPETHOOB
OT/ICJIBHBIX CTPEHT. Pa3pyIieHus y310BOTo COeMHEHHS
OTCYTCTBYIOT, €CTh TOJIBKO JIe()OpMaIny.

Hcxons u3 o0miero KoJM4ecTBa MOBPEXKACHUN
U XapakTepa MOBPEXKJICHHUS YIOKEHHOTO Cllosi Oymary,
3aKJIMHUBAaHNE KAaMEHHOTO MaTepuaja MUHHUMAJIbHO,
HaOIIOAAI0TCsl XapaKTepHbIE Pa3pbIBbl HA JHCTE U 3a-
METHO NMPOHMKHOBEHHE KAaMEHHOI'O MaTepualia de-
pe3 apMHPYEeMyI0 T€OpEIIeTKY. DTO MOXET 03HauaTh,
4TO reopemerka Apmocer b HeocTaTOUHO CrIpaBiIseT-
csi ¢ QyHKIMEH pasereHust CI0eB JOPOKHOM OIEKIbI.

KonnuecTBo MOBpex/IeHUH B 1IeJIoM HEOOJIbIIOE
(otmeueHo a0 10 xapakTepHBIX BH3yaJIbHBIX MOBPEXK-
neHuit). MoxkHO oTMeTHTh, 4To (pakius 20-40 MM
MHHEPAJILHOTO 3aIIOJIHUTENSI OKa3bIBACT CYIIECTBEHHOE
BIIMSTHHE HA MOBPEXJAEMOCTh reopemeTku. YeM MeHb-
me (paxkuns MHUHEPAIBHOTO 3aMOTHUTENS M YeM TIIa-
TeJIbHEE TOI00paH TPaHyIOMETPUIECKUI COCTaB, TEM

Puc. 8. Pe3ybTarsl SKCIIepUMEHTAIBHBIX UcCiIeoBanuid ApMoceT b: a — of1iee cocTosiHue apMHPyeMOl TeOpeIIeTKH Ha ClIoe
PBIXJIOTO TTeCKa; b — COCTOSIHUE WHANKATOpa 3aKIMHKH (Oymara); ¢ — MOBpEKICHUE N3BIEUEHHOI reopemmeTkn ApmoceT b
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Puc. 9. Pesynsrarsl sKcriepuMeHTaNbHbIX nccaeqoannii Cnaspoc CH-40

MEHBIIE MOBPEKAAEMOCTh reoperieTk. OeHnBast 3a-
KJIMHHUBAIOIIYIO CIIOCOOHOCTh T€OPEIISTKH, 3aMETHM,
YTO TOCJE YIUIOTHEHUS] KAMEHHBI Marepuai J0cTa-
TOYHO JIETKO U3BIIEKAJICS O3 MPUKIIAAbIBAHKS YCUIHH,
YTO FOBOPHUT O HEBBICOKOW 3aKJIMHUBAIOIIEH CIIOCOOHO-
CTH JTAaHHOH T€OPEIIEeTKH.

2. Cnaspoc C/I.

Ha y1HO mcnbITarebHOro KOHTEHHEepa yKIIa (bIBaJIcs!
PBIXJIBIIA ecok TonmuHoi oT 30 1o 40 MM, qanee men
cioii u3 oenoit 6ymaru, reopemerka Ciaspoc CJ1 u mie-
oeup M 1000 dpakipm 20—40 MM TomuHOR 60—70 MM.

Ha puc. 9 npencraBneHs! pe3yasTaTsl UCTIBITAHUN
reopemetku Cnaspoc CII-40.

ITo pesynbTaTaM MEpPBOTrO HCIBITAHUS BUIHO,
gTo oOpasen reopemetkn CraBpoc CJ[-40 momyumn
MHOT'OYHCIICHHBIE TOBPEKICHUS B BUJIC Pa3pyLICHUS
OT/ICNIbHBIX CTPEHT U Y3JIOBBIX coequHenuid. Mcxomus
13 KOJIMYECTBA MOBPEX/ICHNH Ha cJioe OyMar MpoeHT
3aKJIMHUBAaHHS KaMEHHOTO MaTepuaja TeOpCeHIeTKOM
HU3KUH 1 HEAOCTATOUHbIH. Xapakrep pa3pbIBOB Ha Oy-
Mare mokasbiBaet, yTo reopemierka Cnaspoc CJI Heno-
CTaTOYHO CIpaBisieTcs ¢ GYHKUUEH pasJesieHust Clio-
€B JIOPOKHOU oxaexbl. HaGmronaercs: 3HaUUTENbHOE
MPOHMKHOBEHHE KAMEHHOI'0 Marepuala B CIIOW mecka
MIPH TOM, 49TO pa3Mmep sueiiku — 40 MM, a camasi Maas
(hpaxmms kamMeHHOTO Mareprana — 20 MM, camast 00JTb-
mrasg — 40 M.

Ha reopenrerke CnaBpoc CJ] nprcyTCTBYIOT 110-
BPEXK/ICHUS B BHJIC pPa3laBlIUBaHusi pedpa, KOTOpbIE
CKOHIICHTPHPOBAaHBI BOJIU3H Y3JIOBBIX COCIMHEHHH.
Pacmieruiennst y37oBbIX COCMHEHUI HE OTMeYaeTcs.
PeOpa nonyuniu cyniecTBeHHbIE TOBPEXCHUS, KOTO-
pBIE OINpENEeNICHHO CKa3aJINCh Ha UX IMpodHoCcTH. Ore-
HUBAsl 3aKJIMHHMBAIOIIYIO CIIOCOOHOCTh IreOpeIIeTKH,

a b

CTOUT 3aMETHUTh, YTO IOCJIE YIUIOTHEHUS] KaMEHHBIN
Marepua JI0CTaTOYHO JIETKO M3BJIeKajcs 0e3 mpuKia-
JIBIBAHUS YCHJIMI, YTO TOBOPHUT O HEBBICOKOW 3aKIMHU-
BAIOILEH CIIOCOOHOCTH JJAaHHOW reOpPeIeTKH.

3. NunoBanuonHas 3D-reopemieTka.

Ha nHo ucnbiTarenbHOTO KOHTEHHEpa yKiaiblBall-
Csl CIOH phIXJIOTO Tecka ToamuHol oT 30 g0 40 MM,
Jajee men cioi u3 Oemoit Oymaru, HHHOBAITHOHHAS
3D-reopemierka u medenb M 1000 ppakmun 2040 MM
TommuHOK 60—70 MM.

Ha puc. 10 mpuBeneHs! pe3yiabsTaThl HCIIBITAHUH.

Hcxons U3 KoimdecTBa MOBPEKIACHUH Ha Cloe
Oymaru, MOXHO TOBOPHUTh O JJOCTATOYHOM M BBICOKOM
MIPOIIEHTE 3aKJIMHUBAHM KAMEHHOTO Marepuaia. JTo
nokasbIBaeT, 4to 3D-reopemnierka OTIMYHO CIIpaBHIIACh
¢ (yHKIMEH pa3aeeHus CIOEB PHIXJIOro Mecka U 1eo-
Hs. 3aKJIMHWBaHNE KaMEHHOTO Marepuaia MPOUCXOANT
BBILIC CJIOS apMUPOBAaHHWA, YTO OYC€Hb BAXKHO JI apMU-
PYIOILUX MPOCIIOEK U MOBBILICHHS Y(PPEKTUBHOCTH ap-
MupoBaHus cioeB. [Ipu TakoM ¢ dekre MOKHO CMeo
TOBOPHTH O BO3MOKHOCTH YMEHBIIICHUSI TOJIIUHBI CIIOS
KaMEHHOTO MaTepHaia 3a CYeT BBICOKOW 3aKIIMHUBAIO-
11eii crrocoOHOCTH TeOPEIIETKH.

Ha nnnoBaumonHo# 3D-reoperierke npucyTCTBYIOT
MHUHHMAJIbHBIE TOBPEK/ICHHUSI B BUIE HEOONBIINX YITyO-
nennid. [lepern6oB n nedopmari KOHCTPYKIIMH Teope-
IICTKU HeT. Pacieriennst y3i10BbIX COeJMHEHUH He TIPO-
n301LI0. B 1esioM MoBpekAeHHUs XapaKTepHU3YIOTCs
KaK He3HAYMTEIIbHBIC U HE OKA3bIBAIOT BIIMSHHS Ha TIPOY-
HOCTb T€OCHHTETHYECKOT0 MaTepuaa. Taroke B rporecce
H3BJICYCHHA CJI0d OCHOBAHUSA U3 TPAHUTHOI'O H_[e6H$[ Ipo-
M30IIJI0 HAJCKHOE 3aKIMHUBAHKE IICOHS B STUCHKaX, KO-
TOpBIE UMEIOT pa3Mepbl Oojiee YeM B 3 pas3a MpeBbIIIao-
e MUHAMAJIBHYTO (pakipo medHs (60 mm) (puc. 11).

Puc. 10. Pe3ynsraThl SKCTIIepUMEHTATBHBIX UCCIIEIOBaHI HHHOBAIMOHHOH 3D-reopeneTkn
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Puc. 12. Pe3ynprars! 3aKJIMHKY MIeOHS Ha YIUIOTHEHHOM MECYaHOM OCHOBaHMU ¢ Kod(ddunuentom ymiorHerus 0,93-0,95:

a — reopemerka Crnaspoc C/1-40; b — reopemerka Apmocet b; ¢ — nHHOBanmonHas 3D-reoperierka

B xoze u3BiIeUeHUsI KAMEHHOTO MaTepralia u3 apMupy-
IolIel TeOpelIeTKH IPUIUIOCH BHIOMBATh €ro U3 KOH-
CTPYKUUH C IIPUBJICYEHHEM MOJIOTKA. DTOT (haKT MOKa-
3aJ1, YTO HAJIC)KHAS 3aKJIMHKA BO3MOXKHA Ha TIOOOHBIX
KOHCTPYKLYSIX, U JaHHOE KOHCTPYKTHBHOE pELIeHHe
MMeeT 3HAYHUTEIbHBIC IEPCIICKTUBBI IS JalbHEHIIero
Pa3BUTHS B CTPOUTEIBHBIX KOHCTPYKIIUSX.
AHAJIOTMYHBIC PE3yJIBTaThl HOTYYeHBI U IIPH IBYX T10-
CJICIYIOIMX MCIIBITAHUAX HA YIUIOTHEHHOM CIIO€ TEeCKa.
Amnanornaso y reoperierok Crnaspoc C/I-40 u Apmocer b
(hyHKIMS pa3nenenys Obuta HapyIIeHa U 3aKJIMHKA HE [PO-
HCXOJIJIA B JIOJDKHOM BHJIE, HAOMONAI0Ch IPOHUKHOBCHHE
11eOHs BITyOb TIECUYaHOTO OCHOBAHUS Yepe3 TPEACTaBIICH-
Hble reopereTky. MlHHOBanmonHas 3D-reopemerka, Ha-
IPOTHB, YIIY4IIMJIa CBOM [OKAa3aTeld B YaCTH 3aKJIMHU-
BaHUSI KAMEHHOTO MarepHaia W BBITOJHEHHS (yHKIMN
pazeneHus, 9To XOPOIo BUAHO Ha puc. 12, c.

3AKJIIOYEHHUE U OBCYXJIEHHUE

[ToxBons oO1IHMEe BBIBOBI IPOBEICHHBIX HCCIIEI0-
BaHM, MOXKHO TOBOPUTH O CIEAYIOIINX JOCTUTHYTHIX
pesyabrarax.

CpaBHUTENbHBIC HCIIBITAHUS Ha TIOBPEXKIAEMOCTh
reopemerok Cnaspoc C/1-40, Apmocer b 1 nHHOBaIM-
oHHOM 3D-reopemeTky nokasaiu, 4To rudkas reope-
meTka Apmocet b rozBepikeHa 3HaYUTEIIBHO OOJIBIINM
MPOOJIBHBIM U IONIEPEYHBIM Ae(pOopManusiM B X0Je
MIPUIIOKEHUS] CTaTUYECKOW HATrPy3KH Ha YJIOKECHHBIM
CJIOH KaMEHHOTO MarepHuana TONmuHOH 60—70 MM.
IIpu atom y xectkoit reopemerku Crnaspoc CI-40
OTCYTCTBOBAJIM IPOJOJIbHBIE AchopManun, HO Ha-
Omroganuck Oonee cepbe3Hble Pa3pyIIEHHUs OTAEIb-
HBIX CTPEHT U Y3JIOBBIX COeIMHEHHH. IHHOBaI[OHHAS
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3D-reopereTka NpakTUYECKU HE MOIyUYHIIa HOBPEXKIe-
HUH, JINIIb HAa OTJEIBHBIX TPAHAX OBUIM 3aMETHBI He-
3HAUUTENbHBIE YIIIYOJICHUs HA TOBEPXHOCTHOM CJIOE.

VcnibiTanus Ha OIEHKY (DYHKITMH pa3/IeNIeHns CII0-
€B IPOJICMOHCTPUPOBAIIH, YTO Y IUIOCKOI TMOKOM Treo-
pemeTku ApmoceT b 1 KecTKoH MI0CKOH TeopereTKH
CnaBpoc C/1-40 dynkums pasnenenus: paboraet Hedd-
(hexTBHO. BRIOpaHHBII B KauecTBE HHIMKATOPA OICH-
KM pasJesieHus CJI0eB JIUCT Oeroll Oymaru moydu
3HauYUTeIbHbIe Ae(hOpMALK, 1 KAMEHHBIH MaTepua
MPOHUK BIIyOB mecuanoro cios. [Ipu aTom pesynbra-
THI UCTIBITAHUM JJISI MHHOBAIIMOHHOUW 3D-TeopeneTku
HAIPOTHB TOKa3aJIi OTIIMYHBIC PE3YIbTAThI IO TIPEIO0T-
BPAIICHHIO MPOHUKAHUSI KAMEHHOTO MaTepralia BIilyOb
TIECYaHOTO CJIOS HECMOTPS HA TO, YTO Pa3Mep OTBEp-
CTHsI TEOPEIIETKHU MPEBbIIal B 3 pa3a pa3Mep MUHH-
MaJbHOH (ppaxiiy meoHs.

VcnipITanust Ha OLEHKY 3aKIMHUBAIOLIEH CIIOCO0-
HOCTH [10Ka3aJI1 aHAJIOTUYHBII xapakrep. s niuockoi
ruOkoil reopemeTkn ApMoceT b 1 TII0CKO# KecTkon
reopemretkn CnaBpoc C/1-40 3akarHMUBAIONIAS CTIOCO0-
HOCTbH OKa3aJlach B IeJIOM HEBBICOKOW, KAMEHHBIH Ma-
Tepua 1nocie MpoBeJCHHOTO UCIBITAHUS OCTaTOUYHO
JIETKO M3BJEKaJcs 0e3 conmpoTuBieHus. VIHHOBAIMOH-
Hasl FeopelleTKa, HalPOTUB, IPOJIEMOHCTPUpPOBAJIa pe-
3yJIBTAT, IPA KOTOPOM ISl M3BJICUEHHS MEOHS TOTpedo-
BAJIOCh €r0 BHIOMBATH C TIPUBJICYCHUEM MOJIOTKA.

OKCTIepIMEHTAIIbHBIC HCCIIEI0BAHNS C pa3padoTaH-
HOW KOHCTPYKIIMEeH MHHOBAaIMOHHON 3D-reoperieTku
TIOKA3aJIM, YTO JAHHAs TEOPEIIETKA NMEET IEPCIEKTHBBI
JUIs IPUMEHEHUs €€ B KaueCTBE apMUPYOILEeH Mpocioi-
KU B Ipa)JaHCKOM cTponTenscTBe. HeoOxomumo npose-
JeHue Oosee MacITaOHbBIX SKCIIEPHUMEHTAIIBHBIX UCCIIe-
JIOBaHHI JUIsl OLIEHKU ee d(PPEeKTUBHOCTH.
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INTRODUCTION

In modern conditions of construction such geosyn-
thetic materials as geogrids are widely used. They are
actively used to reinforce soil bases for various founda-
tions, to increase the bearing capacity of weak soils, to
separate layers. In road construction, geogrids are ac-
tively used to increase the bearing capacity of roadway
bases and rutting resistance of roadways [1], as well
as to reduce the thickness of structural layers. In addi-
tion, reinforcement of soil bases is aimed at increasing
the durability of structures.

Today on the market of geosynthetic materials
there is a great variety of geogrids designs. Basically,
their difference lies in the shape and size of the cell,
technology and production methods (woven or weld-
ed), in the materials used. The basic shape of cells is
square and triangular, the sizes vary from 20 to 50 mm.
There are other unique solutions. At the same time,
geogrids used for reinforcing asphalt concrete layers,
made of basalt or glass fibre, are widely used for road
construction. They are placed between asphalt concrete
layers at temperatures above 120 °C, which ensures
their stability during paving and subsequent operation.

It is worth noting that geogrids are mostly produced
flat by manufacturers, dictated by the need to reduce
the thickness of the layer and reduce material intensity.
This has its own disadvantages. In particular, due to
the small thickness the depth of immersion in layers is re-
duced and adhesion between layers is somewhat reduced,
as well as the reinforcing capacity is reduced. Shear be-
tween the layers is possible, where damage to the geogrid
leads to a significant reduction in its strength [2],
thus violating the required monolithicity and, as a con-
sequence, the rapid destruction of the pavement. Speak-
ing about the separating function of geogrids, when
they are used to separate layers (e.g. “sand — crushed
stone”), it is expected that the stone material can be
wedged and its properties stabilized during subsequent
operation and that the possible mutual penetration
of layers into each other is minimized. It is important
that the stone material does not penetrate into the sand
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layers and that the design thicknesses of the layers
are maintained and that the porosity of the stone ma-
terial is not compensated by the sandy soil penetrating
into the pores. This can only be achieved if the geogrid
provides sufficient wedging capacity of the stone mate-
rial, whereby the crushed stone does not seep through
the cells and ensures a reliable retention of the stone
material in the lower layers. This is where the main
disadvantages of flat geogrids become apparent.
The flat surface does not allow for reliable retention
of chipped stone (crushed stone), which contributes to
its dislodging from the surface. It also requires the mesh
size to match the size of the stone material to ensure
wedging. There are recommendations that the mesh
size should not exceed two sizes of the largest fraction of
crushed stone.

Recently, in domestic and foreign practice, the dam-
ageability of geogrids placed between layers of stone
material or layers of sand and stone material has been
actively discussed. The results in some cases are disap-
pointing [3—5]. Moreover, the damageability directly
depends on the material from which the geogrid is
made [6]. Geogrids produced by extrusion method are
more resistant to impact loads and abrasion, but due to
the desire of manufacturers to save material during pro-
duction, the thickness of ribs is greatly reduced, which
leads to their higher damageability, as evidenced by stud-
ies aimed at numerical modelling of geogrid rib failure
[7-9]. At times [3], the wear can reach 90 % of the origi-
nal strength, which practically nullifies all the obliga-
tions imposed on the geogrid to strengthen and reinforce
the layers. No less relevant aspect is the resistance to
the impact of natural factors. In a number of works this
is given special attention. Thus, the impact of ultraviolet
and temperature [10—12] can reduce its strength by more
than 50 % even before laying the geogrid. Undoubt-
edly, and the culture of workmanship has a significant
impact on the subsequent performance of the object.
When laying geogrids any distortions, deliberate change
of geometry lead to the fact that the geogrid changes its
characteristics and is more actively exposed to damage
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and reduction of operational parameters [2]. In addi-
tion, on the geogrid laid on the prepared surface, crushed
stone is unloaded from a dump truck, which at a height
of more than 1 m causes significant damage and even
destruction. A study [13] is devoted to the study of this
effect, in which the damage of geogrids during the fall
of stone material from a height of 1 and 2 m was con-
sidered. The results of the study showed that the ho-
mogeneity of the size of stone material has the great-
est influence on the damageability of geogrids. And in
the practice of construction it is the homogeneity of stone
material that has found the widest application. Mixtures
of stone materials are used much less frequently. All this
creates certain difficulties for the production of works.
It is also important that crushed stone has a jagged sur-
face, which quite easily cuts or chops the individual ribs
of the geogrid.

Despite the large number of works devoted to
the study of the peculiarities of reinforcement of struc-
tural layers and foundations [14—18] and assessment
of damageability of geogrids located between layers of
stone material or layers of sand and crushed stone, there
are practically no studies aimed at assessing the wedg-
ing capacity. And this factor is one of the most impor-
tant from the point of view of increasing the bearing
capacity and reducing the thickness of the structural
layer, as well as reducing the effect of mutual penetra-
tion of layers into each other.

For a number of years, a team of authors has been
conducting research on studying the peculiarities of re-
inforcing foundations with innovative 3D geogrid [19,
20]. The results are unique both in terms of reinforcing
capacity and wedging ability of the stone material. Re-
search continues in this direction. Within the framework
of this publication, the results of experimental studies
aimed at comparing geogrids in terms of damage and
wedging capacity when placed between sand and stone
material layers will be presented.

A new method of assessing the jamming ability
of rock material is proposed, which involves laying

Fig. 1. Extruded geogrid Slavros SD-40

a sheet of paper as an indicator. The uniqueness of this
method is that it allows to clearly see the difference
when comparing several geogrids for wedging capacity
and how effectively the geogrid keeps the stone mate-
rial from penetrating into the sand layers.

MATERIALS AND METHODS

The consolidation capacity, separation function
and fracture resistance of prefabricated geogrid speci-
mens, including the innovative 3D geogrid, were evalu-
ated under laboratory conditions.

The aim of the experiment was to evaluate geogrids
of different design and material during the compaction
process at the sand — crushed stone interface and then
compare their mechanical resistance to failure under re-
peated static load and wedging capacity.

The following geogrid specimens were selected
for the experiment:

1. Extruded geogrid Slavros SD-40 with 40 x 40 mm
cell (Fig. 1).

Table 1 presents physical and mechanical proper-
ties of SD-40 geogrid.

2. Woven geogrid Armoset B with 30 x 30 mm
mesh (Fig. 2).

Table 2 shows physical and mechanical properties
of Armoset B geogrid.

3. Innovative 3D geogrid for pavement reinforce-
ment with a diagonal dimension of 70 mm (Fig. 3).

Geogrid characteristics: material — Petg; hole diam-
eter — 63 mm; rib height — 8§ mm; rib width — 10 mm.

Geogrid for pavement reinforcement is a configu-
ration of triangular cells formed by intersection of edg-
es. The configuration of cells forms a regular hexagon.

The essence of the test was to simulate the tech-
nology of geogrid laying and mechanical damage due
to its contact with stone material during compaction.

For the tests we used a hydraulic unit ZIM P-10,
which consisted of a load plate, a test container and
a power unit creating the required pressure (Fig. 4).

Fig. 2. Woven geogrid Armoset B
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Table 1. Physical and mechanical properties of Slavros SD-40 geogrids

Indicator Value

Tensile load, kN/m, not less:

« at standardized load al ;
at relati\i‘e S<’3londgat(iione:d o slongacross 40740

* 2 9% along/across; éégé

* 5% along/across
Cell size, length/width, mm 40/40
Cell skew, degrees +3
Roll width, m, no more than 4
Roll length £1 %, m 50
Table 2. Technical characteristics of Armoset B

Indicator Value

Tensile load, kKN/m, not less:

« at standardized load along/across;
at relative elongation: 125(5);?(2) 5

* 3 9% along/across ’ ’
Cell size, length/width, mm 42 +2/42+2
Cell skew, degrees Not standardized
Roll width, m, no more than 52+0.1
Roll length £1 %, m 100

Fig. 3. Innovative 3D geogrid for pavement reinforcement

Experiment

Atest container, which is a metal box with dimensions
20 x 20 x 20 x 20 cm and a metal lid with dimensi-
ons 19.5 X 19.5 x 19.5 x 10.5 cm (Fig. 5) with a wall
thickness of 5 mm, was fabricated for testing.

In order to study the peculiarities of reinforce-
ment, to assess the jamming ability, as well as to evalu-
ate the function of layer separation, three types of tests
were performed:

1) at the boundary of layers “loose sand (not com-
pacted — natural filling) — paper — crushed stone”;

2) at the boundary of layers “compacted sand (com-
paction factor 0.93—0.95) — paper — crushed stone”;
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Fig. 4. Hydraulic installation of ZIM P-10

3) at the boundary of layers “compacted sand
(compaction factor 0.98) — paper — crushed stone”.

For each type of tests three specimens of investi-
gated geogrids were selected.

At the bottom of the test container (Fig. 6) a layer
of granular material (medium coarse sand) with a thick-
ness of 30 to 40 mm was placed. In the first test, the sand
layer was not compacted. In the second test, the sand was
compacted with a load plate to a compaction factor
of 0.93-0.95. In the third test, in addition to the im-
pact of the load plate, an optimum moisture content
of 8-9 % and a compaction factor of 0.98 were ensured
for compaction.
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Fig. 5. Test container (metal box): / — metal lid; 2 — base
layer (granite crushed stone M1000 fraction 20—40 mm);
3 — separating layer of geogrid and white paper sheet as
an indicator to assess the jamming ability of the stone mate-
rial; 4 — additional base layer — medium coarse sand

A sheet of white paper was then placed on the pre-
pared base to determine the percentage of crushed stone
jamming and the effectiveness of the jamming during
the tests. Thus, it acted as an indicator.

The geogrid was placed on the prepared base
in the centre of the container and filled with a layer
of crushed stone M1000 of 20—40 mm fraction with
thickness from 60 to 70 mm (Fig. 7).

During one test, a load of 80 kN was applied
through the load plate three times and held for 30 s.

The specimen was then removed and the damage
was visually assessed and recorded.

RESEARCH RESULTS

Test results at the interface of loose sand — paper —
crushed stone layers.

1. Armoset B geogrid.

At the bottom of the test container a layer of loose
sand 30 to 40 mm thick was placed. Then a layer of paper,
geogrid Armoset B was laid and crushed stone M 1000
of 2040 mm fraction with thickness of 60-70 mm
was poured on top.

Fig. 8 shows the test results.

Fig. 7. Placed crushed stone layer on sand layer, paper layer and geogrid under test
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s e

Fig. 8. Results of experimental studies of Armoset B: @ — general condition of reinforced geogrid on loose sand layer;

b — condition of wedging indicator (paper); ¢ — damage of removed Armoset B geogrid

The results of the first test show that the Armoset
B geogrid specimen has received numerous damages in
the form of dents and kinks of individual strands. There
is no failure of the nodal joint, only deformations.

Based on the total amount of damage and the na-
ture of the damage to the laid paper layer, the jamming
of the stone material is minimal, there are characteris-
tic tears in the sheet and there is noticeable penetration
of the stone material through the reinforced geogrid.
This may indicate that the Armoset B geogrid is not ad-
equately performing its pavement separation function.

The number of damages is generally small (up to
10 characteristic visual damages were observed). It can
be noted that the fraction of 2040 mm of mineral ag-
gregate has a significant impact on the damageability
of geogrid. The smaller the fraction of mineral aggregate
and the more carefully selected granulometric composi-
tion, the less damage to the geogrid. Evaluating the jam-

Fig. 10. Experimental results of innovative 3D geogrid
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ming ability of the geogrid, we note that after compaction
the stone material was easily extracted without effort,
which indicates a low jamming ability of this geogrid.

2. Slavros SD.

At the bottom of the test container was laid loose
sand with thickness from 30 to 40 mm, followed by
a layer of white paper, Slavros SD geogrid and crushed
stone M1000 fraction 20-40 mm with thickness of
60—70 mm.

Fig. 9 shows the test results of Slavros SD-40
geogrid.

According to the results of the first test it can
be seen that the specimen of Slavros SD-40 geogrid
received numerous damages in the form of destruc-
tion of individual strands and nodal joints. Based
on the number of damages on the paper layer, the per-
centage of rock material jamming by the geogrid is low
and insufficient. The nature of the tears on the paper
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Fig. 11. Jamming of stone material in the innovative 3D geogrid

a

Cc

Fig. 12. Results of crushed stone wedging on compacted sandy base with compaction factor 0.93-0.95: @ — Slavros SD-40

geogrid; b — Armoset B geogrid; ¢ — innovative 3D geogrid

shows that Slavros SD geogrid does not sufficiently
cope with the function of separating the pavement lay-
ers. There is a significant penetration of stone material
into the sand layer, while the mesh size is 40 mm, and
the smallest fraction of stone material is 20 mm and
the largest fraction is 40 mm.

The Slavros SD geogrid has crush damage in
the form of crushed edges, which is concentrated near
the nodal joints. No splitting of the nodal joints is
noted. The ribs have sustained significant damage that
has definitely affected their strength. When assessing
the jamming ability of the geogrid, it is worth noting
that after compaction, the stone material was easily re-
moved without effort, which indicates that the jamming
ability of this geogrid is not high.

3. Innovative 3D geogrid.

At the bottom of the test container was laid a layer
of loose sand with a thickness of 30 to 40 mm, followed
by a layer of white paper, innovative 3D geogrid and
crushed stone M1000 fraction 20-40 mm with a thick-
ness of 60—70 mm.

Fig. 10 shows the results of the tests.

Based on the amount of damage on the paper lay-
er, we can speak about a sufficient and high percentage
of jamming of the rock material. This shows that the 3D
geogrid has perfectly fulfilled the function of separating
the loose sand and crushed stone layers. The wedging
of the stone material occurs above the reinforcement
layer, which is very important for reinforcing layers
and increasing the efficiency of the reinforcement lay-
ers. With this effect we can safely say that it is possible
to reduce the thickness of the stone material layer due
to the high wedging ability of the geogrid.

The innovative 3D geogrid shows minimal dam-
age in the form of small depressions. There are no kinks
or deformation of the geogrid structure. There was no
splitting of the node connections. In general, the dam-
age is characterized as insignificant and does not affect
the strength of the geosynthetic material. Also, in the pro-
cess of extraction of the base layer of granite crushed
stone there was a reliable jamming of the crushed stone
in the cells, which have sizes more than 3 times exceed-
ing the minimum fraction of crushed stone (60 mm)
(Fig. 11). During the removal of the stone material from
the reinforcing geogrid, it was necessary to knock it out
of the structure using a hammer. This fact showed that
reliable wedging is possible on such structures, and this
design solution has significant prospects for further de-
velopment in building structures.

Similar results were obtained in two subsequent
tests on a compacted sand layer. Similarly, for Slavros
SD-40 and Armoset B geogrids, the separation func-
tion was impaired and the wedging did not take place in
a proper manner, there was a penetration of crushed stone
deep into the sand base through the presented geogrids.
In contrast, the innovative 3D geogrid improved its per-
formance in terms of wedging of stone material and sepa-
ration function, which can be clearly seen in Fig. 12, c.

CONCLUSION AND DISCUSSION

Summarising the general conclusions of the conduct-
ed research, the following achieved results can be stated.

Comparative damage tests of Slavros SD-40, Ar-
moset B and innovative 3D geogrid have shown that
flexible geogrid Armoset B is subjected to significantly
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higher longitudinal and transverse deformations during
the application of static load on the laid layer of stone
material 60—70 mm thick. At the same time, the rigid
Slavros SD-40 geogrid had no longitudinal deforma-
tions, but more serious failures of individual strands and
nodal joints were observed. The innovative 3D geogrid
was practically undamaged, with only minor depres-
sions in the surface layer on some faces.

Layer separation function evaluation tests showed
that the Armoset B flat flexible geogrid and the Slavros
SD-40 rigid flat geogrid did not have an effective sepa-
ration function. The white paper sheet chosen as an in-
dicator to evaluate the separation of the layers was sig-
nificantly deformed and the stone material penetrated
deep into the sand layer. In contrast, the test results for
the innovative 3D geogrid showed excellent results in

preventing the stone material from penetrating the sand
layer, despite the fact that the geogrid opening size was
3 times the minimum crushed stone fraction.

The jamming capacity evaluation tests showed
a similar pattern. For the flat flexible geogrid Armoset
B and flat rigid geogrid Slavros SD-40 the jamming
ability was generally low, the stone material was easily
extracted without resistance after the test. The innova-
tive geogrid, on the contrary, showed the result that in
order to extract the crushed stone it was necessary to
knock it out with a hammer.

Experimental studies with the developed design
of the innovative 3D geogrid showed that this geogrid
has prospects for its application as a reinforcing layer in
civil engineering. It is necessary to conduct larger-scale
experimental studies to evaluate its effectiveness.
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