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AHHOTANUA

Beeoenue. 3awuma nodsemHuvix yacmeii NPOMbLULIEHHBIX U SPANHCOAHCKUX 30AHULL U COOPYIHCEHUL OM 8030eliCmBuUs 800bl
PA3IUYHO20 NPOUCXOHCOCHUS: SDYHIMOBLIX U UHDUILMPAYUOHHBIX 800, MEXHOSEHHBIX NPOMeueK U Opyeux UCTNOYHUKO8 A6/~
emcst OCHOBHOU 3adayell NOBbIUEHUSL UX 00NI208eUHOCU. [ nPpe0oXpaneHus NOO3EMHBIX U 3a2TYONIeHHbIX COOPYICEHU OMm
nOOMoneHuti nPedyCMOmMpeHa NepeutHas u 6mMopudHas 3auuma 6emona ozpaxcoaroweti konempykyuu. Ilepsuynas 3auwuma
npeodycmampueaem éce Heooxooumvle Mepuvl o CO30AHUI0 B0OOHENPOHUYAeMOll KOHCIMPYKYuU (npoexmuposanue cocmasa be-
MOHA, MEeXHON02UA YKIAOKU U YHaomHenus u m.o.). K mepam no emopuunoii saujume 0mHOCAMCs YCmMpoUcmeo 2uopou3ons-
YUOHHBIX U AHMUKOPPOZUOHHBIX NOKPLIMUIL, d MAKJICE 8036€0eHUe B0000MBOOAUWUX CUCHIEM (NPUCTNEHHBIX, NAACIOEbIX U KOJlb-
yegwlx Openadiceii). Kax npasuno, 0 émopuuHoll 3auumbl UCNONb3VIOM 2UOPOUSOTAYUOHHBIE 0OMA30UHbLE, PYIIOHHbIE U U~
CMoGble NOKPLIMUSL, d 8 KAUECMEEe NPUCTNEHHO20 OPEHANCA — OMCLINKU U3 PPAKYUOHUPOBAHHBIX NecKo8 unu epagus. Hacmos-
was paboma nocesujeHa npodaeme 3auunvl ROO3EMHBIX 30AHUL U COOPYIHCEHULL O 8DEOHO20 B030€UCBUS NOBEPXHOCTIHBIX
U 2PYHMOBHIX 600.

Mamepuanvt u memoodut uccnedosanus. O0veKmom Uccied08anus ObLIU O8YXCIOUHbIE KOMROZUYUOHHbIE Mamepuanyl. B
Kauecmee 06A3068020 CNOsL 80 6cex 8UOAX ObIIO NPUHAMO NPOPUAUPOBAHHOE NOJOMHO U3 NEPEBUYHO20 NOIUIMUNEHA HUZKO2O
oasnenus (II2H]) c okpyenvimu ob6vemuvimu evicmynamu gvicomou 8-10 mum u punempyrowum 2eomexcmunibHbIM NOJTOMHOM.
Omobpansl 08a 6uda pyIOHHBIX KOMROZUYUOHHBIX MATNEPUANO8, NPEOHASHAYEHHBIX OJIA YCIMPOICMEA NPUCMEHHO020 OpeHaxca.
Bvinu nposedenuvt uccnre0o8anus 1uAHUA CTNENEHU CHCATNMUA KOMNOZUYUOHHBIX OPEHANCHBIX MAMEPUATO8 C PATUYHBIMU 2€0-
MEKCMUTbHBIMU NOTOMHAMU OM 2PYHMA 00PAMHOIL 3ACHINKU HA €20 8000NPONYCKHYI0 CHOCObHOCMb. [[na pacyema 6oK06020
0asrenus 2pyHma Ha OPEeHAaAXCHbIL MAMePUal NPUHUMATUCL 80 BHUMAHUeE cledylowue QaKmopel: 2nyOUHA 3a10HCeHUs NOO3eM-
HO20 COOPYHCEHUs U MUN 2PYHMA.

Pesynomamur: Ilpoananusuposanvl pasiuynsle cnocoobl cUOPOUIONAYUU NOOZEMHBIX KOHCMPYKYULL U cUCTEM 80000MmEe-
Oenus. Ilpogedena oyenxa 3¢pghexmusHocmu ucnoavL3yemvlix mamepuanos. Paccmompenvl pynonnsie KOMIO3UYUOHHbIE Ope-
HAJICHbLE CUCIMEMDBL, 8 COCINAG KOMOPBIX 8X00Un 6a3086blil CLOU U3 NPOPUAUPOBAHHO20 NOTUIMULEHO8020 NOJOMHA U HEMKAHbIE
2eomeKkcmunibHbie mamepuansl. IIpusedenvl pe3ynivmamol uccied08anull 6000NPONYCKHOU CNOCOOHOCHU 08YX 8U008 OPeHAlC-
HbIX CUCIEM C PA3TUYHBIMU KOHQDU2YPayuamu 6a3068020 COs U 2e0MEKCMULbHbIX 000104eK. [JaH cPaGHUMENbHbIN AHATU3 8O-
O0ONPONYCKHOU CHOCOOHOCTU YKA3AHHBIX 8UO08 MAMEPUATO8 NPU OetiCMEUY OABNICHUS PASTUYHBIX 2DYHINOE 00PAMHOL 3ACLINKU
npu pasHou enyoure 3a10%4ceHUs NO03eMHOU KoHempyKyuu. Taxoice npusedensvl pesyavmamyl cy@PQO3UOHHbIX UCCIeO08AHUI
OaHHBIX cucmem npu pabome 8 HaUboIee ONACHBIX SPYHMAX (MEIKUX U NbLIeBAMbIX NECKAX).

Bu160o0wi: Ha ocnosanuu nonyueHHvix pe3yiomamos cOeian 8bl600, 4mo 6000NPONYCKHASL CNOCOOHOCHb NPOPUAUPOBAH-
HYbIX ROJIOMEH U NOPOBAs CIMPYKIMYPA HEMKAHBIX 2e0MeKCmuaeti N03601Aem NPUMEHAMb UX 8 OPEHANHCHBIX CUCIeMax Ha 2iy-
oune 0o 15 m 6 3agucumocmu om muna epynma 3aceinku. Ipumenenue pyioHHbIX KOMROUYUOHHBIX OPEHANCHBIX MATNEPUATO8
NO3680UM 3HAYUMETLHO NOBLICUTND KAYECBO 3aUUmbl NOO3EMHBIX COOPYHCEHUT U CHUZUMb MPYOOEMKOCb pabom no cpag-
HEHUIO ¢ Opy2UumMu OPEeHAaANCHLIMU CUCTEMAMU.

KJIFOUEBBIE CJIOBA: nodsemuble KOHCmMpyKyuu, OPeHAd*CHble MAmepuaisl, 80000meedeHue, 2e0MmeKCmuib, Cyg-
¢o3sus.
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ABSTRACT

Introduction. Protecting the underground parts of industrial and civil buildings and structures from the effects of water of
various origins, including groundwater, infiltration, man-made leaks, and other sources, is a key objective in increasing their
durability. To protect underground and buried structures from flooding, primary and secondary protection of the concrete
enclosing structure is provided. Primary protection includes all necessary measures to create a waterproof structure (design
of concrete composition, technology of laying and compaction, etc.). Secondary protection measures include the installation of
waterproofing and anti-corrosion coatings, as well as the construction of water drainage systems (wall, reservoir and ring
drainage). As a rule, waterproofing coatings, rolls and sheets are used for secondary protection, and backfill made of fraction-
ated sand or gravel is used as wall drainage. The article deals with the problem of protecting underground buildings and
structures from the harmful effects of surface and groundwater.

Materials and methods of the study. The object of the study was two-layer composite materials. A profiled sheet of primary
low-density polyethylene with rounded volumetric protrusions 8-10 mm high and a filter geotextile sheet was adopted as the
base layer in all types. Two types of rolled composite materials intended for the installation of wall drainage were selected.
Studies were conducted to examine the influence of the degree of compression of composite drainage materials with various
geotextile fabrics from backfill soil on its water permeability. To calculate the lateral soil pressure on the drainage material,
the following factors were taken into account: the depth of the underground structure and the type of soil.

Results. Various methods of waterproofing of underground structures and drainage systems are analyzed. An estimation of
the effectiveness of the materials used is carried out. Rolled composite drainage systems, including a profiled polyethylene
base layer and non-woven geotextile materials, are considered. The results of studies of the water permeability of two types of
the drainage systems with different configurations of the base layers and geotextiles are presented. A comparative analysis of
the water permeability of these types of materials under the influence of pressure from different types of backfilling soil at
different depths of the underground structure is given. The results of the suffosion studies of these systems in the most dangerous
soils (fine and dusty sands) are also presented.

Conclusion. Based on the results obtained, we can conclude that the water permeability of the profiled sheets and the pore
structure of non-woven geotextiles make them suitable for use in drainage systems at a depth of up to 15 m, depending on the
type of backfilling soil. The use of rolled composite drainage materials significantly improves the quality of protection of un-
derground structures and reduces the complexity of work compared to other drainage systems.

KEY WORDS: underground structures, drainage materials, water transmission capacity, geotextiles, suffosion.
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BBEJEHUE

OpHOW M3 OCHOBHBIX 33/1a4 HOBBIIICHHS JOJTOBEYHOCTH
MPOMBIIUICHHBIX ¥ TPAYKIAHCKHUX 3[JaHUH ¥ COOPY)KEHHH SIBIIS-
eTcsl Ha/Ie)KHAs 3aIIUTa UX TOA3EMHBIX YacTeH OT BO3/ICHCTBHS
BOJIBI PA3IIMYHOTO MTPOMCXOKICHUS: TPYHTOBBIX U HH(QUIBTPa-
IIUOHHBIX BOJ, TEXHOTCHHBIX IIPOTEYCK U APYTHX HCTOUHHUKOB.
Jis mpenoxpaHeHHsI TTOA3EMHBIX W 3ariTyOJeHHBIX COOpYXKe-
HU OT MOATOIUICHUH IPeAyCMOTpeHa IEPBUYHAS X BTOPUYIHAS
3amuTa OeTOHA OrpaXkaaromeil KOHCTpyKIuH. [lepBudaHas 3a-
IIATa TpPeyCMaTpUBaeT BCe HEOOXOAMMBIE MEpHI IO CO3Ja-
HHUIO BOJIOHEIPOHUIIAEMOI KOHCTPYKIHHU (IIPOCKTUPOBAHUE
cocTaBa 0ETOHA, TEXHOJIOTHS YKJIaJKH ¥ YIUIOTHEHHUs U T.1.). K
MepaM 10 BTOPUYHOM 3aIllUTe CleAyeT OTHECTH YCTPOHCTBO
THJPOHU30JISILIMOHHBIX W aHTHUKOPPO3UOHHBIX ITOKPBITHH, a
TaK)Ke BO3BEAECHHE BOJOOTBOJSIIUX CHCTEM (IIPHUCTEHHBIX,
TUTACTOBBIX M KOJNBIEBHIX IpeHaxei) [1, 2].

Kak npaBuito, st BTOpHYHON 3aIUTHI HCTIOIB3YIOT THIPO-
M30JBIIIMOHHBIE 00Ma304YHbIC, PYJIOHHBIC U JINCTOBBIC MOKPHI-
THS, @ B KQUECTBE MPUCTEHHOTO JIpeHaXa (MCCIICAOBAHHIO KO-
TOPOTO ITOCBSIIIEHA HACTOSIIAs Pab0Ta) — OTCHIIKHU U3 (PpaKIu-
OHHMPOBAaHHBIX MECKOB WK TpaBus. OTBOA BOABI U3 MPUCTEH-
HOTO JpeHa)ka OCYIIECTBISETCS B TOPU3OHTAIBHBIN TpyOua-
TBHII ApeHaX, MPOJIOKEHHBIN 110 IEPUMETPY coopykeHus [3, 4].
OmHaKO UCTIOIB30BAaHHUE CHITYYNX MaTePHaIoB TpeOyeT 3HAYH-
TCIIBbHBIX TPYAOBBIX 3aTpaT U TPAHCIOPTHBIX PaCXO0d0B HA IO/~
TOTOBKY KOTJIOBaHA U OTCHINKY OOJBIINX 00bEMOB Ki1accu(u-
LIMPOBaHHBIX TIECKOB M TpaBusl. BcnencrBue 3Toro, KauyecTBoO
THJIPOM30JISIIIMOHHBIX pabOT M BOJOOTBOJHBIX CHCTEM B 0OOJIb-
IIMHCTBE CITy4yaeB Iorydaercst Hu3kuM. [lonBasabpHbIe momMerne-
HUS KITBIX U IPOMBIIIICHHBIX 3/IaHUH, I03¢MHBIC TAPKOBKH,
TIEIIEXOHBIC TTePEXOIbl, TaJeper U IPYTHe COOPYKEHUS He-
PEIKO MOABEPTAOTCS IMOATOIIICHUIO.

JIns moBEIIEHHsT KauecTBa CTPOUTENBCTBA U COOIOACHNUS
HEOOXOIUMBIX TPeOOBaHUI K JKCIUIyaTallMd TOA3EMHBIX Ya-
CTel 3MaHMHA M COOPYKEHUH pa3pabaThIBAIOTCS METOABI MX
KOMIUIEKCHOM 3alMThI OT BO3AECUCTBUSI TPYHTOBBIX U IIOBEPX-
HOCTHBIX BOJI, KOTOPBIE MIPEIyCMaTPUBAIOT IPUMEHEHNE 00IIH-
LIOBOYHBIX KOHCTPYKLHMI B BHAE (QWIBTPYIOUIMX IUIUT, TPY-
60(pHIBTPOB, MOJUMEPHBIX O00OJIOUEK C T€OCHHTETHUYECKUMHU
Marepuanamu u apyrue. Pasnoobpasue yciaoBuid GpyHKINOHU-
POBaHMS [TOJ3EMHBIX COOPY>KEHUH (pa3InuHbIe THAPOT €00 U~
YECKHE YCIIOBHS, TIIyOWHA 3aJI0KCHUS, BO3ACUCTBUE OTpHUIla-
TENBHBIX TEMIIEPAaTyp W T.II.) CTAaBAT 3a4ady pa3paboTKH -
(heKTUBHBIX MAaTEPHATIOB JUIS CO3MaHUS (DHIIBTPYIOMUX 000I10-
YeK C BEICOKUMH JKCIUTYaTallHOHHBIMU CBOHCTBaMH [5-8].

Ha cMeny necuaHo-rpaBHiHBIX OTCBIIIOK BCE Yallle IPUXO-
JISIT KECTKHE TPEeHAKHBIC ITUTHI U3 Pa3IHYHBIX (QHIIBTPAIOH-
HbeIX MarepuaioB (puc. 1). KpymHonopucteiii uipTpannoH-
HBIN 6eTOH Ha pas3IMYHBIX HEMEHTaX UMECT JOCTATOYHYIO BO-
JIOTIPOITYCKHYIO CIIOCOOHOCTH M BEICOKYIO IIPOYHOCTH IIPHU CXKa-
TUH TIPH JIIOOBIX INTyOMHAX 3aJ0KEHHS MOJ3EMHOM KOHCTPYK-
mun: kodddunuent ¢uiprpanuu cocrasiasier Cr = 50-500
M/CYT, IPOYHOCTh TIpH CXaTuu — R, = 2,5-10 MIla npu ton-
nMHe qpeHaxHor Tkl b = 80-100 MM [7-9]. OnHako psi He-
JIOCTAaTKOB (PIITBTPAIIIOHHOTO OeTOHA — OOJIBINAs Macca, BEICO-
KHe TPYIOBBEIC 3aTpaThl MPH YKIAAKe, HHU3Kas CTOHKOCTH K
arpecCUBHBIM TPYHTOBBIM U TOBEPXHOCTHBIM BOJIaM — CIICPIKH-
BaIOT UX IMUpOKoe mpuMernenue [9, 10].
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INTRODUCTION

One of the main tasks in increasing the durability of
industrial and civil buildings and structures is the reliable
protection of their underground parts from the effects of
water of various origins: groundwater, infiltration water,
man-made leaks, and other sources. To protect under-
ground and buried structures from flooding, primary and
secondary protection for concrete of the walling structure
is required. Primary protection includes all necessary
measures to ensure a watertight structure such as concrete
composition design, proper laying and compaction tech-
nologies, etc. Secondary protection measures include the
installation of waterproofing and anti-corrosion coatings,
as well as the mounting of water drainage systems (wall,
bed, and ring drains) [1, 2].

As arule, secondary protection is made of waterproof-
ing coatings such as plastering, rolled and layered coatings
in combination with wall drainage systems that are erected
from sand and gravel filling. This study is devoted to such
systems. The removal of water from the wall drainage sys-
tem is carried out through a horizontal drainage pipe laid
along the perimeter of the building [3, 4]. However, the
use of bulk materials requires significant labor and trans-
portation costs associated with excavating the pit and fill-
ing large volumes of classified sand and gravel. As a re-
sult, the quality of waterproofing works and drainage sys-
tems in most cases is poor. This leads to flooding of base-
ments of residential and industrial buildings, underground
parking lots, pedestrian crosswalks, galleries and other
structures.

In order to improve the quality of construction and
meet all service requirements for underground parts of
buildings, various methods of complex protection against
underground and surface water are being developed.
These methods provide the use of coverings that consist of
filter slabs, drainage pipes, plastic shells, in combination
with geotextiles and others. The variety of working condi-
tions of underground constructions, such as different hy-
drogeological conditions, the depth of foundation, the in-
fluence of negative temperatures, etc. requires the devel-
opment of effective materials for creating drainage sys-
tems with high operating capabilities [5-8].

Sand and gravel backfill is being increasingly replaced
by rigid drainage slabs made of various filtration materials
(Fig. 1). Coarse-pored filtration concrete based on differ-
ent types of cements has good water transmission capacity
and high compressive strength at any depth of the under-
ground structure: the filtration coefficient is Cr = 50-500
m/day, compressive strength is R, = 2.5-10 MPa with a
thickness of the drainage slab » = 80-100 mm [7-9]. How-
ever, several disadvantages of coarse-pored filtration con-
crete such as large mass, high labor costs during installa-
tion, low resistance to aggressive groundwater and surface
water limit it widespread use [9, 10].
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PUCYHOK 1

IPUCTEHHBIN JAPEHAXK C NPUMEHEHMEM
KECTKUX ®UJIBTPAIIMOHHBIX [IVIUT

1 — cTeHa nmoaBaja; 2 — ruAPOU30/IALMOHHBIN CJI0H;

3 — sKecTKMe IPeHaKHbIe IVIUTHI; 4 — TPYOOPUIbTP;

5 — rpaBuiinasi 00CbINKa; 6 — FPYHTOBAasI 3aCBINKA;

7 — rpaBmii

Figure 1

Wall drainage system with rigid filtering slabs
1 — basement wall, 2 — waterproofing layer;

3 —rigid filtering slabs; 4 — filtering pipe;

5 — gravel filling; 6 — soil; 7 — gravel

OuNbTPaMOHHBIE TUTUTHl W3 BCIIEHEHHBIX T'PaHyJl IOJIH-
CTHPOJIA, TIOJyYSHHBIX B PE3yJbTaTe CIIEKAaHHS B TOUYKAX KOH-
TaKTa, JIMIIECHBl MHOTHX NEPEUUCICHHBIX HEIOCTaTKOB (prib-
TPaLMOHHBIX 6€TOHOB. OHM UMEIOT ManTyIo Maccy d < 20 Kr/m>,
BBICOKHH K03 duument ¢prunbrpanun Cr = 500-1000 m/cyT ipu
tommuHe TWIUTH b = 100 MM, YCTOHYHBOCTh K arpeCCUBHBIM
cpenam [11, 12]. Ograko 3Hauerne npouHocty npu 10-% cxa-
tuu cocraBmier R.< 1,0 MIla. C yBennuenneM riryOWHBI 3a-
JIOKEHUSI TI0A3EMHOM KOHCTPYKLUH APEHAKHBIE IUIUTHI MOJ-
Beprarorcst cxkumaeMocT (ot 30 go 60% B 3aBUCHMOCTH OT
BHJIa TPYHTA), YTO CYIIECTBEHHO BIHIET HA UX BOJOIPOMYCK-
HyI0 criocoOHocTh. Kpome Toro, nmest BBICOKOPa3BUTYIO OT-
KPBITYIO MOPUCTOCTD, (DPMIIBTPAIIMOHHBIE TUIMTHI U3 BCIICHEH-
HBIX TPaHyJI MMOJMCTHPOIIa MOTYT TIOABEPraThCsl KOJIbMaTAIIH
YacTHIAMH Pa3JIMYHBIX THIIOB TPYHTOB, YTO TAKXKE CHMKAET
(hyHKIIOHATFHOCTH ToHT [13, 14].

Hanbomnee mepcreKTHBHBIMU CHCTEMaMH, O0JIaJIal0IINMHK
BBICOKMMH (DUIBTPAIIIOHHBIMU XapaKTEPUCTHKAMH, MPOYHO-
CTBI0, KOPPO3HMOHHOM CTOMKOCTBIO SIBJISIFOTCSI MHOTOCJIOMHBIE
KOMITO3HIIMOHHBIE PYJIOHHBIE MaTepHalbl, B COCTaB KOTOPBIX
BXOJIUT 0a30BBIH CJIOH M3 MPOGUIMPOBAHHOTO MOJIMATHIICHA
BBICOKOI'O HAaBJICHUA, a TAaKKE€ ICOTCKCTUJIIBHBIC MaTCpHaJibl.
KperuieHre KOMIO3UMIIMOHHOTO APEHAXKHOT'O MaTepuaia K
CTEHE MOJI3EMHOT'0 COOPYIKEHUS OCYIIECTBIISIETCS C TOMOUIBIO
TUIACTUKOBBIX JII00eJIel Te0TeKCTHIILHBIM ci1oeM Hapyxy. [1o
BEPXHEH KPOMKE IIOJIOTHO KPENHTCS C TOMOIIBIO CHEeHalb-
HBIX ipoduneit [15-19].

B 3amaun nanHol pabGotsl BXoauiu: 1) ucciaeqoBaHue BO-
JIOTIPOITYCKHOW CHOCOOHOCTH KOMITO3UIIMOHHBIX IPCHAKHBIX
MaTepuagoB C Pa3IMYHBIMH T'€OTEKCTHIBHBIMH MOJOTHAMH
MIpH AEUCTBUH CKUMAIOIINX HATPY30K OT IPyHTa OOpaTHOMH 3a-
CBHIIIKM M UX CPaBHUTEIBHBINA aHANIN3; 2) MCCIIEI0BAHUE BIIUS-
HUS cy(ddo3un TpyHTOB Ha (UIBTPALMOHHYIO CIIOCOOHOCTBH
JPEHAXHBIX CUCTEM.

MaTepua.nLl U METOAbI

K uccnenoBanuo ObIIM MPHUHSATHI IBYXCIOWHBIE KOMIIO3H-
LIMOHHBIE MaTepualibl. B kayecTBe 6a30BOro ClIOst BO BCEX BU-
Jlax ObUIO MPUHATO NPOGUIMPOBAHHOE IOJOTHO M3 MEPBUY-
HOTO TMoJMITHIeHa HU3Koro aasieHust (II9H/]) ¢ okpyriasivu
00BbEMHBIMH BBICTYNIaMH BBICOTOH 8-10 MM M QMIBTpYIOIINM
TEOTEKCTUIBHBIM MOJO0THOM [20]. T'eoTekcTHIb MpeaCTaBIsAET

Filtration plates made from foamed polystyrene gran-
ules obtained by sintering at the contact points are free
from many of the listed disadvantages of filtration con-
cretes. They have low mass d < 20 kg/m®, high filtration
coefficient — Cr= 500-1000 m/day with a thickness of the
drainage slab » = 100 mm and are resistant to aggressive
environment [11, 12]. However, the 10-% compressive
strength is up to Rc < 1,0 MPa. As the depth of an under-
ground structure increases, the drainage slabs undergo
compressibility (from 30 to 60%, depending on the type of
soil), which significantly affects their water transmission
capacity. In addition, due to a highly developed open po-
rosity, filtration plates made of foamed polystyrene gran-
ules can be subjected to colmatation by particles of various
types of soil, which also reduces the functionality of the
plates [13, 14].

The most promising systems with high hydro-physical,
mechanical and chemical characteristics such as drainage
capacity, strength, and corrosion resistance, are multilayer
composite roll materials, which consist of a profiled poly-
ethylene base layer and geotextile fabrics. The composite
drainage material is molded to the wall of an underground
structure using plastic dowels, with a geotextile layer fac-
ing out. The cover is fixed along the upper edge using spe-
cial profiles [15-19].

The aim of the research consists of several tasks: 1) to
study the water transmission capacity of composite drain-
age materials with various geotextiles under the impact of
soil compression and to conduct a comparative analysis;
2) to study the influence of soil suffosion on the drainage
capacity of these systems.

Materials and methods

Two-layer composite materials were selected for the
study. A profiled sheet of primary low-pressure polyeth-
ylene with rounded bulges 8-10 mm high and a filtering
geotextile cloth were used as the base layer in all cases
[20]. Geotextile is a water-permeable woven or non-wo-
ven fabric made of synthetic polymers. It is used in drain-
age multilayer structures to protect the drainage system
from mechanical damage and from siltation by soil
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co00i1 BOAONPOHUIIAEMOE TKaHOE WIIM HETKAaHOE ITOJIOTHO U3
CHHTETUYECKUX IOJMMEPOB, IMPUMEHSEMBIH B JAPECHAKHBIX
MHOT'OCJIOMHBIX KOHCTPYKIMSX IUISl 3alIMTHl JIPEHaKHOH CH-
CTEMBI OT MEXaHHUYECKHX BO3IECHCTBHII; OH TaKXe Ipeloxpa-
HSIET IPEHaKHYIO CUCTEMY OT 3aMJIMBaHMS YaCTUI[AMH TPyHTA.
TxaHBI Te0TEKCTHITb N3TOTABINBAIOT ITYTEM YIIOPSA0UYECHHOTO
HeperyIeTeHNs] TEKCTUIIBHBIX HUTEH, JIGHT WIIH BOJIOKOH BO B3a-
UMHO TIEPIECHIUKYJSIPHBIX HAalpaBICHHUsX. TKaHbIE TCOTEK-
CTHJIBHBIE MAaTEPHAIIBI, KaK PABHIIO, IPUMEHSIOT IS apMHUPO-
BaHMA TPYHTOB, IO3TOMY B JaHHOH pabOTe OHU HE paccMaTpu-
BaJINCh. HeTKkaHbI reOTEKCTHIIb MOTYy4alOT U3 HANpPaBICHHO
WM TIPOM3BOJILHO OPUEHTHPOBAHHBIX BOJIOKOH, TEKCTUIIBHBIX
HUTEH WM JPYTHX TEKCTHUIILHBIX 3JIEMEHTOB, CKPEIUICHHBIX B
€/IMHYIO CTPYKTYPY MEXaHHUYECKUM (UTIONPOOHBHBIE), TEPMH-
4eCKUM (TepPMOYNPOYHEHHbIE) MM XWMHUYECKHM (KJICEHBIE)
criocoboMm [21]. B KOMIO3HIIMOHHBIX CHCTEMaX MPUCTEHHOTO
JpeHaka HauOoJIbIlIee PacIpOCTPaHEHNE TOIYYMIIN UTIIONPO-
OMBHBIC M TEPMOYIIPOYHEHHbIE T€OTEKCTHIILHBIE MaTEePUaITBI.

Jliist IpoBeieHHs MCCIIeI0BaHui ObUT OTOOPAHBI 1Ba BHA
PYJIOHHBIX KOMITO3UIIMOHHBIX MAaTepHAJIOB, TPEIHA3HAYCHHBIX
JUISL yCTPOMCTBA MPUCTEHHOTO JPEHaXa.

Bun 1. B xauectBe 6a30Boro ciost ObUTI0 MPUHATO MPpodu-
JIMPOBAHHOE MOJIOTHO C OKPYTIIBIMH OOBEMHBIMH BBICTYIIAMH
(UIBTPYIOIIMM HETKaHBIM TEPMOYIPOYHEHHBIM T'€OTEKCTH-
JIeM U3 MOJHUIPOIIUIICHA.

Bua 2. B xauectBe 6a30BOTO CI10s OBLIO MPUHSTO Tpodu-
JIMPOBAHHOE TOJIOTHO, C OKPYTJIBIMH OOBEMHBIMH BBICTYIIAMH
1 QUWIBTPYIOIINM HETKAHBIM HIJIONPOOUBHBIM T€OTEKCTHIIEM
U3 TIOJIMIPONIIIEHa, 00BEMHBIE BBICTYIIBI KOTOPOTO PACIOJIO-
JKEHBI B JIBE ITPOTHUBOITOJIOKHBIE CTOPOHBI IO THITY «YITaKOBKH
JUISL SIMLD) ¥ C OTHOW CTOPOHBI 3alMIIEHB! (PUIBTPYIOLIUM I'eo-
TEKCTWJIEM W3 TOJMIPONHIIEHa. 32 CUET TAaKOro JABYXCTOPOH-
HETO PAaCIIOJIOKEHHUS BBICTYIIOB, IPO(IIIMPOBAHHOE MOJIOTHO,
C OHOH CTOPOHBI, 00pa3yeT BEHTHJSIIMOHHYIO CHUCTEMY 3a-
TyOJICHHOH CTEHBI, a C APYroil — yAanseT MpuObIBAOIIYIO K
HEW BOJY B JPEHAXKHYIO CHCTEMY.

Kak y»xe ObUT0 OTMEUeHO, OJTHOW M3 3a/1a4 HACTOSIIEH pa-
OOTBI BXOJIUIIO MCCIIEIOBAHUE BIUSIHUAE CTENICHN CKATHS KOM-
MO3UIIMOHHBIX JPEHAXHBIX MATEPUANIOB C Pa3IMYHBIMH T€0-
TEKCTUJIBHBIMH TOJIOTHAMH OT TPyHTa OOpaTHOW 3aChINKH Ha
€ro BOJIOIPOITYCKHYIO CHOCOOHOCTh. Jlist pacuera GOKOBOTO
JIaBJICHUS] TPYHTA Ha JAPEHAXHBIN MaTepuall IPUHUMAINCH BO
BHUMaHHE clienyronie (akTopbl: TTyOWHa 3aJ0KEHHs MOJ-
3€MHOT0 COOPY’KEHHSI U THII TPYHTA.

Pacuer BHEIIHUX HAarpy30K OT OOKOBOTO JaBJICHUS TPyHTA
Ha TMPUCTEHHBIN peHaXx mpou3BoIuiics mo gopmye (1) [22]:

oc=K, [}/z+q]—2c\/K_a

r¢ G — HHTEHCUBHOCTH OOKOBOTO JaBJICHUS IPYHTa;
K, — k03¢ ¢uImeHT akTHBHOT'O OOKOBOTO JIaBJICHUS, OTIpe-
JIeIsIeMBbIi Io popmye (2):

Y — YACIBHBIN BeC IPYHTA, IPUHUMAEMbBIH BO B3BEIICHHOM
COCTOSIHHH JUTS BOJIOHACBIIIIEHHOTO TPYHTA;

Z— pacCTOosHKE OT Bepxa YKJIAJKK MaTepHraa 0 JHUIIA OC-
HOBaHUS (TITyOWHA 3aJI0KCHUSA);

¢ — BepTHKaJbHAsl HArPy3Ka 10 MOBEPXHOCTH (BpeMeHHast
Harpy3ka y CTEHBI), B HallleM ciiydae B pacuerax g = 0;

98

particles. Woven geotextiles are made by interlacing tex-
tile threads, ribbons, or fibers in mutually perpendicular
directions. Woven geotextile materials are commonly
used for soil reinforcement, therefore they were not con-
sidered in this work. Non-woven geotextiles are made
from directionally or randomly oriented fibers, threads, or
other textile elements bonded into a single structure by
mechanical (needle-punched), thermal (heat strength-
ened), or chemical (glued) methods [21]. Needle-punched
and heat-strengthened geotextiles are the most widely
used materials in composite wall drainage systems.

Two types of rolled composite drainage materials were
taken to study.

Type 1. A profiled sheet with rounded bulges (a base
layer) combined with a non-woven heat-strengthened pol-
ypropylene geotextile.

Type 2. A profiled sheet with rounded bulges (a base
layer) combined with a non-woven needle-punched poly-
propylene geotextile. The rounded bulges of the profiled
sheet are directed in two opposite sides like “an eggs box”
and are protected by the filtering geotextile on one side.
Due to the direction of the bulges, the profiled sheet, on
the one hand — creates a ventilation system, on the other
hand, leads groundwater away to the drainage system.

As mentioned above, one of the goals of the work is to
study the water transmission capacity of composite drain-
age materials in combination with various geotextiles un-
der the influence of soil compression. In order to calculate
the lateral soil compression on the drainage system, the
following factors were considered: the depth of the foun-
dation and the type of soil.

The calculation of the external loads from the lateral
pressure of the soil on the wall drainage was carried out
according to the formula (1) [22]:

(M

o — intensity of lateral ground pressure;

K, — coefficient of active lateral pressure, determined
by the formula (2):

K, =tg’(45-2)

2 @)
v — specific gravity of the soil assumed in suspension
for a water-saturated soil;
z — distance from the top of the material to the bottom
of the base (depth of laying);
q — vertical load on the surface (temporary load on the
wall), in our case, in calculations ¢ = 0;
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¢ — yIeTbHOE CIICTUICHHE TPYHTA;

¢ — YTroJl BHYTPEHHETO TPEHUS TPYHTA.

Jlyist mpoBeJieHUs] MCIBITAHUM OBUTH MPUHSITH HOPMATHB-
HBIE 3HAYCHUS] TPYHTOB MpH KO3(D(DHUIMEHTE TTOPUCTOCTH € =
0,55 (tabm. 1)

TABJINIA 1 XAPAKTEPUCTUKU I'PYHTOB
Table 1. Soil characteristics

¢ — specific soil adhesion;

@ — angle of internal friction of the soil.

The standard values for soils with a porosity coeffi-
cient of e = 0.55 were used for testing (Table 1).

Yroa BHyTpeHHEro
Tun rpyara VYaensnbiii Bec, kKH/M3 TpeHus, rpaj. YaeabHoe cueniienue, klla
Soil types Specific gravity, KN/m? Angle of internal friction, Specific adhesion, kPa
deg.
CpeaHue necku
Medium sands 18,5 38 0-2
Me{mue TeCKH 19.0 36 0-4
Fine sands
IIbu1eBaTHIE MECKU
Dusty sands 19,5 28 26
Cynecu
Sandy loam 200 26 15
Cyramacu 20,5 23 34
Loam
Cnuabl
Clay 21,0 21 81

BaxneiinmmM yciaoBueM obecneueHust 3((GEKTUBHON pa-
0OTBI IPEHAKHON CHCTEMBI SIBJISIETCS YCTOWYHMBOCThH €€ K 3a-
WIMBAHUIO YAaCTHIIAMU T'PYHTa OOpAaTHOM 3aCBINKU. YCTaHOB-
JICHO, YTO KOJIbMATallMy JAPEHAKHOTO MaTepHraja He IPOUCXO-
JIUT, €CJI Ha €ro KOHTAaKTe C TPyHTOM (OpMHUPYIOTCS cTaOWIIb-
HbIE HEOOJIbIINE CBOJBI, 00pPa30BaHHBIC U3 MEIKUX YaCTHYEK
HECBSI3HOTO TpyHTa (TIecKH) (pucC. 2) WM U3 arperaTupoBaH-
HBIX YaCTHUI] CBS3HBIX TPYHTOB (TJIMHBI, CYyTJIMHKH, CYIIECH C
YrciIoM miactuaHoctd [, > 0,01 exn.) (puc. 3).

PUCYHOK 2

KOHTAKTHASA 30HA ®UJIBbTPAIIMOHHOI'O
MATEPHAJIA C HECBA3HBIM 'PYHTOM

1 — HeCBSI3HBIii TPYHT €O CBOI000PA3YIOIIMMH YACTHYKAMH IUAMETPOM d;
2 — puabTPYWLIUA MaTepuall ¢ AuameTpom nop Dy

Figure 2

The contact zone between the filtration material and loose soil
1 —loose soil with arch-forming particles with a diameter of d;
2 — filter material with a pore diameter of Dy

OO0pazoBaHne HEOOJBIINX CBOJOB, IPEMATCTBYIOUINX
KOJIbMATalliy JPEHAXHOTO MaTepHaja, IMPOUCXOAUT B CIIy-
Yae COOJIOICHUsI HOPMAaTHBHOTO COOTHOILCHUS MEXIY JTHa-
METPOM TOp (HIBTPYIOIIETO MAaTepPHiIa U pa3MEpOM CBOJIO-
o0pa3yromux gacTurl TpyHTa [23].

Jnst oneHKH (QUIBTPaIOHHBIX XapaKTePHCTHK T'€OTeK-
CTWJIEH NPUMEHSJICS CIEAYIOLIUI KpUTEpHil: pasmep Iop
MaTrepHalla, COOTBETCTBYIOIIMH MaKCHMAaJbHOMY pa3Mepy
gactuil 90 % TpyHTa, MPOIIEANIEro Yepe3 reoTeKCTuib Ogy.
D¢ dexTHBHBIN pa3Mep Mop XapakTepu3yeT (QUIbTPYIOUIYIo

One of the most significant factors in ensuring the effec-
tive operation of a drainage system is its resistance to silt-
ing by particles of soil fillings. It has been established that
colmatation of a drainage material does not occur if stable
small arches are formed at its contact with the soil. These
arches can be formed from small particles of loose soil
(sands) (Fig. 2) or from aggregated particles of cohesive
soils (clays, loams, sandy loams with a plasticity — 7, >
0.01 units) (Fig. 3).

d -

The formation of small arches that prevent colmatation
of a drainage material occurs if the regulatory ratio between
the pore diameter of the filtering material and the size of the
arching soil particles is maintained [23].

The pore size criterion of the material was used to evalu-
ate the filtration properties of geotextiles. This parameter
corresponds to the maximum particle size of 90% of the soil
that has passed through geotextile Ogy. The effective pore
size characterizes the filtration capacity and resistance to col-
matation and suffusion, as well as the ability of the material
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CIIOCOOHOCTh U YCTOMYMBOCTB K KOJIbMaTaluu U cydo3un,
CIOCOOHOCTh MaTepuala yJep>KUBaTh YacTHIIbI TpyHTa [24].
HopmaTrBHOE COOTHOIIEHUE BHIPAXKAETCS CIEIYIOUIMM 00-
pasom (3):

0
Ogp < dgg or 2 < 1
dgo

rre doo — pa3mMep JacTuIl TpyHTa 00paTHON 3aCHITKH, KO-
TOpBIit cooTBeTCTBYET 90%-HOMY UX COZIEPKAHUIO.

PUCYHOK 3

KOHTAKTHAS 30HA ®UWJIBTPAIIMOHHOI'O
MATEPHAJIA C HECBA3HBIM 'PYHTOM

1 — HecBSI3HBI TPYHT €O CBOJ006PA3YIOIINMH YACTHYKAMH AHAMETPOM d;
2 — puIbTPYOLIUIA MaTepuall ¢ iuameTpom nop Dy

Figure 3

The contact zone between the filtration material and cohesive soil
1 — cohesive soil;

2 — aggregates of cohesive soil;

3 — filter material with a pore diameter of Dy

TuapaBigecknii pacyeT KOMIO3ZHUITHOHHBIX MaTepHATIOB
JUTS TIPUCTEHHOTO JIpEeHa)ka BKIIIOYAeT B ceOs OmpenesieHue
CYMMapHOTO TPUTOKA TPYHTOBBIX W TOBEPXHOCTHBIX BOJA K
MOJI3eMHON KOHCTPYKIUH. s omIpeieieHusl CyMMapHOTO KO-
b dunrenta GUIBTPAIIMM KOMITO3UIIMOHHOTO APEHAXKHOTO
MaTepuana, BKJII0Yas BOJOMPOMYCKHYIO CIIOCOOHOCTh 0a3o-
BOTO MmiactukoBoro nojorHa (II9H/) 1 reoTekcTHIBHOTO Ma-
TepHajga C yd4eToM CpeaHero KoddduimeHta QGuibTparuu
IpyHTa OOpaTHOW 3acChIIKM NMpPUMEHsETCs ciexyromas ¢op-
Mmyna (4):

Cfﬂp -

rae Cpp — K03GOUIMEHT QUIABTPALMHA KOMIIO3ULIOHHOTO
JIPEHAKHOT'O MaTepuaa;

Crp — cpenuuil Ko3pPUIUEHT (GHUIBTPAMH MHOTOCIOHN-
HOT'O TPYHTA 3aChINKH:

Crep =

Cr— xoaurnmenT GuIbTpauy re0TeKCTUIIS;

Cirp — K03 PUIHEHT QUIBTPALMHK i-TOTO CJIOS TPYHTa 3a-
CBITIKH;

Mirp — TOJIIIMHA {-TOTO CJIOSI TPYHTA 3aChINKH.

Pe3y.]1]>TaTbI HCCJIeA0BAHHUA U UX aHAJIN3

B pe3sysbpraTe MpoBeACHHBIX UCCIICIOBAHUIT BOJOIPOITYCK-
HOI CITOCOOHOCTH HETKAaHBIX TI'€OTEKCTHIIBHBIX MaTepHAaJIOB
(MTIONPOOUBHBIX M TEPMOYTIPOYHEHHBIX) TIPH ICHCTBHH CXKH-
MaIOIIMX Harpy30K OT IPYHTA 3acChIKU OBUIH ITOJIYYeHEI Cie-
nIyrorue pe3yabTarel. Ko dunmeHnt puiabTpanun, mpoyHOCTb

100

to retain soil particles [24]. The normative ratio is expressed
as follows (3):

3

doo — particle size of the backfilling soil, which corre-

sponds to 90% of its content.

The hydraulic calculation of composite materials for
wall drainage involves the determining of the total inflow
of groundwater and surface water to the underground
structure. To determine the total filtration coefficient of
composite drainage material, which includes the water
transmission capacity of the base plastic sheet and geotex-
tile fabric, taking into account the average filtration coef-
ficient of the backfilling soil, the following formula is used

(4):

— chl'P'Cf (4)
Cfrp+cf

Cru — filtration coefficient of the composite drainage
material;

C; — average filtration coefficient of the multilayer
backfilling soil:

n .
i=1 Crpi mrpi

Z?:l mrpi

Cy— filtration coefficient of geotextile;

C,; — filtration coefficient of the i-th layer of the back-
filling soil;

mis— thickness of the i-th layer of the backfilling soil.

Results of research and analysis

As a result of the conducted studies on the water trans-
mission capacity of non-woven geotextile materials (nee-
dle-punched and heat-strengthened) under the action of
compressive loads from the backfilling soil, we have ob-
tained the following results. The filtration coefficient,
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W YUIMHEHHE MpU pPa3pblBe TI'COTEKCTHIBHBIX MaTepualioB
OTIpEeNIeNsUTNCh [0 CTaHJapTHBIM MeToIuKaMm [24, 25].

HexoTopble pa3nuuusi MMOJy4eHHBIX 3HAaYEHHH CBS3aHBI C
0COOCHHOCTSIMU CTPYKTYPHBIX XapaKTEepHUCTHUK MaTepualioB.
Tak, UryIoIpoOUBHEIE T€OTEKCTHIIN 00JIaAat0T JOCTATOUYHO BBI-
COKHM yJUIMHEHHEM TIpH paspsie (Oonee 35%). B cBs3m co
CPaBHHUTEIHHO OOJIBIION TOMIUHON MaTepraina (3 — 5 MM) OHH
MPEMSITCTBYIOT IPOHUKHOBEHUIO MEJIKUX YacTHUI] TPYHTA, YEM
MPEAOTBPAIIAIOT 3AMIMBAHUE JPEHAXHOM cuctemMbl. OgHAKO,
Oymydu 10CTaTOYHO MATKUMH MaTepualaMi, UIJIONPOOHBHbIE
TEOTEKCTUIM MMEIOT BBICOKYIO C)KMMAEMOCTb IPH AABICHHU
IpyHTa 00paTHO# 3aChINKH, YTO CHUKAET UX BOJIONIPOITYCKHYIO
CIIOCOOHOCTh TIPH BBICOKOW TIIyOMHE 3ajoKeHHs. Tepmo-
YIPOYHEHHBIE TEOTEKCTHUIIM MMEIOT MEHBIIYIO TOJIIMHY MO-
sotHa (0,1 — 0,3 Mm), OoJiee KECTKYIO CTPYKTYPY, MCHBIIYIO
C)KMMAaeMOCTh TIPH JaBJIEHUHM TPYHTA 3aCBIIKHU. Y UIMHEHUE
IIPU pa3pbIBE TEPMOYNPOYHEHHBIX I€OTEKCTHIIEH COCTaBIISET
6outee 25%. Ha puc. 4 npencraieHa 3aBUCHMOCTD Y/UTHHEHHS
Pa3IMYHBIX THIIOB T€OTEKCTIIICH OT AEHCTBUS HArpy3KH.

OCHOBHBIE XapaKTEPUCTHKH JPEHAXHBIX KOMITO3HIIMOH-
HBIX CHCTEM |-TO U 2-TO BUAa IPEACTABICHH B Ta0MI. 2.

PUCYHOK 4

YIAJIMHEHUE HETKAHBIX TEOTEKCTUJIEM B
3ABUCUMOCTHU OT I[EFICTBHH HAT'PY3KHUN

1 — NrJI0NPOOUBHON re0TEeKCTHIIb,

2 — TepMOYNIPOYHEHHBIH re0TeKCTHIbL

Figure 4

Elongation of non-woven geotextiles depending on
the effect of load

1 — needle-punched geotextile,

2 — heat-strengthened geotextile

strength and elongation at break of geotextile materials
were determined using standard methods [24, 25].

Some of the differences in the values obtained are re-
lated to the structural characteristics of the materials.
Thus, needle-punched geotextiles have a sufficiently high
elongation at break (more than 35%). Due to the relatively
large thickness of the material (3-5 mm), they prevent the
penetration of small soil particles, which prevents siltation
of the drainage system. However, being sufficiently soft
materials, needle-punched geotextiles have a high com-
pressibility under the pressure of the backfilling soil,
which reduces their water transmission capacity at greater
depths of placement. Heat-strengthened geotextiles have a
lower thickness (0.1 - 0.3 mm), a more rigid structure, and
less compressibility under the pressure of backfilling soil.
The elongation at break of heat-strengthened geotextiles is
more than 25%. Figure 4 demonstrates the dependence of
the elongation of different types of geotextiles on the ef-
fect of load.

The main characteristics of drainage composite sys-
tems of Types 1 and 2 are presented in Table 2.
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TABJIMLIA 2 XAPAKTEPUCTUKHU JPEHAXKHbBIX KOMIIO3UITUOHHBIX CUCTEM

Table 2. Characteristics of drainage composite materials

HaumenoBanue Buna 1 Buna 2
Name Type 1 Type 2
Koa¢ppuuuent puasrpanuu, ja/c'm 35 175
Filtration coefficient, l/c'm ’ ’
Mpounocts npu cskatun, KH/m?
- 5 400 90
Compressive strength, kN/m
TonamuHa, MM
Thickness, mm 2,0 12,0

CornacHo IPOBEIEHHBIM UCCIIEA0BAaHUAM BOJOIPOILYCK-
HOH CITOCOOHOCTH HETKaHBIX (UIJIONPOOHMBHBIX M TEPMO-
YIIPOYHEHHBIX ) TEOTEKCTHIILHBIX MaTEPUaJIOB IIPH JICHCTBUN
CKUMAIOIINX Harpy30K OT TPYHTA 3aCBITKH OBUTH MOTYyYEHbI
CIIEIYIOMINE PE3yNbTaTH (pHC. 5).

PesynbraTel ucnbITaHui cepuu 00pas3oB 1 BHxa Moka-
3aIM, 4TO IPU yBENWYEHHMH OOKOBOM HArpy3ku BOIOIPO-
MyCKHasl COCOOHOCTh CHIKaeTcs B cpegHeM Ha 45% mpu
JaBieHnd rpyHTa 3ackinku 10 100 kl1a. Takue cucremsr a¢-
(hekTUBHO PabOTAIOT IPHU IIyOUWHE 3aJI0KCHHUS B CYMECsIX —
10 15 M, B cyriuHKax — 0 12 M, B TIIMHUCTBIX TPYHTaX — JI0
10 M. PesynpraThl mcnbITaHMi cepun oOpasloB 2 BHIA

Based on the studies conducted on the water transmission
capacity of non-woven (needle-punched and heat-strength-
ened) geotextile materials under the action of compressive
loads from backfilling soil, the following results have been
obtained (Fig. 5).

The test results of a series of samples of Type 1 showed
that with an increase in lateral load, the water transmission
capacity decreased by an average of 45% at a backfilling soil
pressure of up to 100 kPa. These systems work effectively at
a depth of up to 15 m in sandy loams, up to 12 m in loams,
and up to 10 m in clay soils. The results of tests of a series of
samples of Type 2 showed that with an increase in lateral
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MOKa3al, 4TO MPH YBEIHMYEHUH OOKOBOW HArpy3Kd BOJO-
MPOITyCKHAs CIOCOOHOCTh YMEHbIaeTcs B cpepHeM Ha 80%
npu nasineHud rpyHTa 1o 50 xIla u Moxer nmpuMeHsThCS B
CpEeIHUX M MEJIKHX NecKax 10 12 M, B bUIEBATHIX IPyHTaX —
J0 10 m; B cymecax — 10 8 M; B CyrJIMHKax — 710 6 M; B TJIH-
HHUCTBIX TPYHTaX — JI0 5 M.

load, the water transmission capacity decreases by an aver-
age of 80% at a soil pressure of up to 50 kPa and can be ap-
plied in medium and fine sands up to 12 m, in dusty soils —
up to 10 m; in sandy loams — up to 8 m; in loams — up to 6
m; in clay soils —up to 5 m.

PUCYHOK 5

3ABUCUMOCTDb BOJIOIPOITY CKHOM 4

CIIOCOBHOCTH APEHAKHbBIX KOMIIO- ~

SUIIMOHHBIX CUCTEM OT JABJIEHUA

I'PYHTA 3ACBIIIKA 3 1

1 — npenaxHas cuctema 1-ro Buaa;
2 — IpeHaKHas CUCTeMA 2-T0 BU/A

%]

-

Figure 5

-

Dependence of the water transmission capacity of
drainage composite systems on the pressure of

\
[

N
s

backfilling soil
1 — drainage system of the Type 1;
2 — drainage system of the Type 2

[a]
e
L]

BogonponyckHasa cnocoBHOCTE, N/c-m

[Ipu mpoBexenun cyhHO3MOHHBIX UCCIIEAOBAHUNA OBUIH HC-
HI0JIB30BaHbl HaHOOJIee OMAcHBIE, C TOUKH 3PSHUS KOIbMAaTalllH

TIOp, MECKNU — MEJIKO3CPHUCTHBIC U ITBIJIEBATHIC.

[Ipu ucTibITaHAK UTIIONPOOUBHBIX TeOTeKCTHIIEH, d(hDEeKTHB-
HBINA THaMETp IOp KOTOPHIX B cpeHeM cocTaBisieT Ogp= 0,13 Mm

(puc. 6), TOTy4EeHBI CIIEAYIONINE PE3yNbTaThI:

- B MEJIKO3EPHUCTBIX IPYHTAX C AUAMETPOM 3epeH doo= 0,5 MM:

09y 0,13
d90 0,5
- B ITBIJICBATHIX TPYHTAX C JUAMETPOM 3epeH doo = 0,2 MM:
Oy 0,13
dyy 0,2
PHCYHOK 6 o
IHOPOMETPHUSA UT'JIOITPOBUBHOT'O JE
TEOTEKTHJISA S
g
Figure 6

Porometry of needle-punched geotextiles

[Tpu wcHbITAHUKM TEPMOYNPOYHEHHBIX I'€OTEKCTHIICH, d(-
(heKTHUBHBIN AUAMETP MOP KOTOPBIX B cpenHeM cocTasisieT Oy
= 0,10 MM, TOJIy4EHBI CIIEAYIONINE Pe3yIbTaThI:

- B MEJIKO3EPHHUCTBIX IPYHTaX C AuamMeTpoM 3epeH doo= 0,5 Mm:

Ogo 0,10
dyy 05
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During the suffosion studies, the most dangerous
soils in terms of pore colmatation were used — fine and
dusty sands.

When testing needle-punched geotextiles, with an ef-
fective pore diameter of about Oy = 0.13 mm (Fig. 6),
the following results were obtained:

- in fine-grained soils with a grain diameter dgo= 0,5 mm:

=—=026<1

- in dusty soils with grain diameter doo = 0,2 mMM:

—=06<1

=
S

[fa]
=]

=~
=

70

80

50

40

30

20

0.15 0.13 0.1 0.9 0.7

Pore diameter, mm

When testing heat-strengthened geotextiles, with an ef-
fective pore diameter of about Ogp= 0.10 mm (Fig. 6), the
following results were obtained:

- in fine-grained soils with a grain diameter dog = 0,5 mm:

02<1
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- B IIBUIEBATHIX IPYHTAxX ¢ AuameTpoM 3epeH doo= 0,2 Mm:
Ogp 0,10
doy 02

TakuM 00pa3oM, COTTACHO MOIYYEHHBIM pe3ysbTaTam,
MOXHO CJIETIaTh BBIBO/I, YTO IIOPOBAsi CTPYKTYpa HETKAHBIX I'€0-
TEKCTUIJIEH MO3BOJSAET IPUMEHATh UX B JIPEHAKHBIX CHCTEMaX
IIPU JIFOOBIX TUIMAX TPYHTOB.

BriBoabI

[Ipumenenue IBYXCIOWHBIX APEHAXHBIX KOMIIO3ULIMOH-
HBIX MaTepUalioB TO3BOJISIOT:

1) mpuMeHATh MX B JPEHAKHBIX CHCTEMax Ha TIIyOWHe
YKJIQJIKH 10 15 M B 3aBHCUMOCTH OT THIIA TPYHTA 3aChIIIKH;

2) NOBBICUTH Ka4eCTBO 3aIIUTHI MOA3EMHBIX COOPYKEHHUH
Gmaroapst BEICOKOI BOJIOIIPOITYCKHOM CIIOCOOHOCTH;

3) oTka3aTbCs OT UCIIOIB30BAHMS B KauecTBe (QMIIBTPYIO-
IIEro MaTepuana OTCHIIKHI U3 KJIaCCH(PHUIMPOBAHHBIX ITECKOB 1
TpaBysl, CHU3UB IIPH 3TOM TPAHCHIOPTHBIE PACXOBI U TPYAOCM-
KOCTb pador;

4) 3aMEHHUTH TSDKENBIE TUTUTHI U3 KPYITHOIIOPUCTOTO OETOHA,
CKJIOHHOI'O K KOPPO3UH B arp€CCUBHBIX Cp€ax Ha JICTKUEC KOp-
PO3HOHHOCTOMKHE PYJIOHHBIE MaTepHalIbl;

5) 3HAYUTENBHO CHU3UTH PHCK KOJbMAaTallUU JPEHAKHOU
CHUCTEMBI MCJIIKMMU U IIBIJICBATBIMU IICCKaAMU.

Jlutepartypa:

1. CIT 250.1325800.2016. 3manust u coopykeHHs. 3aliuTa OT
MOA3EMHBIX BOJI.

2. CIT 104.13330.2016. MmxeHepHas 3amiuTa TEPPUTOPHH OT 3a-
TOIJICHUS ¥ MOATOIUIEHH. AKTyanu3upoBanHas pepakuus CHull
2.06.15-85.

3. Anderson, B. Waterproofing materials and techniques for cut-
and-cover structures / B. Anderson // Underground Space. — 1984.
— No. 8 (2). — P. 99-110. — https://archive.org/details/sim under-
ground-space 1984 8 index/age/nl/mode/2up .

4. Kubal, M.T. Construction Waterproofing Handbook/ M.T. Ku-
bal // The McGraw-Hill Education. — 2023. — P. 656.
https://openlibrary.org/books/OL.48682479M/Construction Wa-

- in dusty soils with grain diameter doo= 0,2 mm:
05<1

Thus, based on the results obtained, we can conclude
that the pore structure of non-woven geotextiles makes
them suitable for use in drainage systems for all types of
soil.

Conclusions

The use of two-layer drainage composite materials al-
lows:

1) to apply them in drainage systems at a depth laying
of up to 15 m, depending on the type of backfilling soil;

2) to improve the quality of protection of underground
structures due to their high water transmission capacity;

3) to abandon the use of classified sand and gravel as
filter materials, reducing transportation costs and labor in-
tensity of work;

4) to replace heavy slabs of coarse-pored concrete, un-
stable to corrosion in aggressive environments, with light-
weight corrosion-resistant rolled materials;

5) to significantly reduce the risk of colmatation of the
drainage system by fine and dusty sands.
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