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RESTORATION OF URBAN UNDERGROUND WORKINGS
USING SECONDARY POLYMER COMPOSITES

Currently, the underground infrastructure of large cities of Ukraine is significantly worn out as a result of long-
term operation, inefficient solutions for protecting the structures from corrosive environmental influences, poor qual-
ity of materials and construction and assembly operations during erection. Restoration of operational performances,
reliability and durability of elements of the underground network of workings is a costly and difficult technical and
organizational problem. However, its solution is needed to prevent accidents including those with serious environ-
mental and economic consequences. Existing modern technologies for performing work on restoring the functioning
of the underground infrastructure of large cities, the materials used to restore them allow solving these problems with
different efficiency. But in addition, the need to reduce restoration costs through the use of polymer materials, im-
prove technological solutions and solve environmental problems of megalopolises is a relevant area of research.

Purpose. Taking into account the accumulated operating experience to develop geomechanical models and, on
their basis, propose technical solutions for restoration of serviceability, reliability and durability of extended workings
of the city underground network.

Methodology. Methodology includes full-scale investigation of urban underground workings in operation, experi-
mental analysis of the polymer material in corrosive environment, and numerical simulation of strain-stress state of
the protective lining at the stages of construction and operation.

Findings. The results indicate high efficiency of the considered polymer material under the influence of corrosive
environment; numerical simulation of the stress-strain state of the protective lining allows determining the optimal
geometric parameters of the lining elements depending on the mechanical properties of the material and distinctive
features of its assembly technology.

Originality. The technology of restoration of support in extended underground workings is proposed and the pos-
sibility of using a composite material based on secondary polymer resources is justified.

Practical value. The cost-effective solution of the problem of restoration of lining of the extended underground
workings (tunnels) through the use of products of secondary polymer materials is involved. Use of products of these
materials in restoration of supports of extended underground workings (tunnels) has significant economic and envi-
ronmental effect and also makes it possible to restore hard-to-reach areas.

Keywords: urban underground workings, geomechanical models; destruction of support; protective lining;products of

secondary composite polymer materials

Introduction. To date, the underground infrastructure
systems of large cities of Ukraine consist of significant in
length and depth sections of sewer tunnels, which were
laid by trenchless method using blade shields providing
the tunnel diameters of 2.1; 2.56; 3.2; 3.7 and 4 m [1].

The infrastructure of Ukrainian cities including con-
struction of underground water disposal networks was
built in the period of intensive industrial development
that took place in the second half of the twentieth cen-
tury. During that period, in Kharkiv over 50 km of deep
sewer tunnels were put in commission; for their mainte-
nance about a hundred of inspection shafts and back-
drop manholes were built according to the existing regu-
latory requirements [2].

To date, the usage period of these networks is more
than 40 years. Complying continuous water disposal de-
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mands under no backup sites of sewer tunnels, due to
long-term operation, violations of the technology dur-
ing construction, as well as insufficient corrosion resis-
tance of the used materials, sewer tunnels show evidence
for significant physical deterioration resulting in emer-
gency situations related to destruction of tunnel sec-
tions, damage of structures of inspection shafts, stilling
pools, and others.

Rapidly deteriorating engineering status of the un-
derground working networks, along with a decrease in
their operational characteristics, causes accidents oc-
curring more and more frequently and requires substan-
tial financial expenses for emergency procedures and
local repair.

It is a fair assumption to say that the engineering sta-
tus of the underground drainage systems of large cities of
Ukraine is unsuitable for normal operation, and some
structures or sections of the networks are hazardous and
threaten not only economic damage, but also major ac-
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cidents with significant environmental and social conse-
quences [3].

The technologies of restoration of supports of under-
ground workings developed to date involve using various
materials and technological solutions, which indicates
the multifactorial nature of the problem of their restora-
tion and, consequently, impossibility of developing a
universal restoration technology. Technical problems
caused by emergency situations are not always effective-
ly solved due to the well-known methods of sliplining
and restoration of the networks. Thus, developing the
effective and universal technological and constructive
solutions to restore the operational suitability, reliability
and durability of underground sewage networks should
be considered an urgent independent task, which is a
necessary component of a comprehensive solution for
the problem under consideration.

Analysis of the recent research and publications. Do-
mestic and foreign experience in restoration of under-
ground infrastructure networks and protection of sup-
porting structures of tunnels is presented in the litera-
ture with technical solutions involving construction of
protective lining of supporting structures that is resistant
to aggressive environment, as well as with the measures
to restore the bearing capacity of tunnel support struc-
tures when it is significantly reduced [2, 4].

Modern development of the industry of building
materials, products and technologies provides ample
opportunities for implementation of various technical
and technological solutions for sliplining of under-
ground sewage networks using various types of pipes [5,
6], as well as polyethylene sheets [2] to ensure protection
of reinforced concrete structures and pipes [7] during
implementation of restoration measures.

Behavior of polymer materials (in particular, poly-
ethylene) under the conditions of prolonged exposure to
chemically aggressive environment and microbiological
effects is well studied both in laboratory experiments
and within the framework of practice in experimental
developments [2].

Unsolved aspects of the problem. For tunnels whose
internal dimensions make them accessible for workers if
sliplining by using pipes is limited or impossible (in
cramped space with insufficient overall dimensions or
inconvenient location of shafts, and others), there is
practically no possibility to assemble the protective lin-
ing of polymer coating. Thus, in modern practice, there
are no alternative methods that allow using secondary
polymer compound products to restore the protective
lining under the conditions described above including
the tunnels in operation.

Objectives. Taking into account the existing domes-
tic and international experience in operating and restor-
ing the supports in the systems of underground work-
ings, to develop geomechanical models and justify on
their basis parameters of the supporting structure pro-
viding an effective constructive and technological alter-
native for restoring the operational suitability, reliability
and durability of sewer tunnels.

Methodology of the study. The development of the
method for sewer tunnel restoration using the recycled
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polymer composite elements includes the following
steps and corresponding research methods:

- full-scale condition surveys of urban underground
workings (sewer tunnels) which have been in long-term
operation — for assessing their actual condition and op-
erational suitability;

- experimental research methods — for assessing the
corrosion resistance of composite materials;

- numerical methods (finite-element method) im-
plemented in design software packages — for developing
the geomechanical models and assessing the strength of
the protective lining (support) at all stages of its design
and operation.

Presentation of the main research. Considering the
accumulated domestic and global experience in restora-
tion of the structures of underground wastewater net-
works and their anti-corrosion protection, the proposed
technical solutions for alternative methods of restora-
tion should meet the following requirements:

- technological effectiveness of manufacturing the
protective elements;

- simple installation and possibility to use the tech-
nology in hard-to-reach areas;

- adaptability of the technology of manufacturing
the products to different requirements in terms of geo-
metric parameters and strength characteristics of the
protective lining being made;

- reliability and durability;

- ensuring the required corrosion protection of the
load-bearing structures of the tunnel lining;

- environmental friendliness of the technology;

- competitive economic efficiency.

In recent years, sliplining of the sewer networks in
Ukraine has been carried out using various types of
pipes made of polymers (fiberglass, polyethylene). Use
of polyethylene sheets with anchor ribs (so-called pro-
filed polyethylene) has also become widespread for pro-
tection of reinforced concrete structures. Despite the
numerous positive qualities of this material such as ver-
satility, usability, and high resistance to corrosive envi-
ronment, its significant disadvantages include high
cost.

The increasing volumes of manufacturing and com-
mercial polymer wastes makes it possible to reuse them
based on the environmental and economic consider-
ations, thus providing competitiveness of products of
secondary polymer composite materials (SPCMs) in
comparison with primary cycle products [8].

SPCMs possess a number of properties that deter-
mine the possibility of their use as protective coatings:

- high corrosion resistance;

- low cost compared to primary polymer materials.

Performances of SPCM are presented in Table 1.

Selection of SPCM for protective coating has
grounds, which is confirmed by test results of the model
sample (Fig. 1) and the concrete sample coated with
polymer compound in the corrosive environment.

The compressive strength tests of the samples showed
no reduction in strength of concrete in comparison with
the original strength of the check samples, which ranged
from 25 to 27 MPa.
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Table 1
Main characteristics of SPCM

Characteristic Unit Range of values
Impact Strength kJ /m? 31/43—-39/68
Transverse MPa 8.7/ rupture is reached —
Rupture Stress 8.7 /rupture is reached
Melt Flow Index | G/10 min 0.87—2.37
Stress Cracking h >12
Resistance

Note: numerators show the values for model sample with a notch
groove; denominators show the values for model sample without a
notch groove

Fig. 1. A protective lining model sample with longitudinal
Jjoints of the clutch after testing in corrosive environ-
ment

Fig. 2. A sample of concrete with applied polymer com-
pound coat based on the secondary materials after
testing under the corrosive environment conditions in
camera No. 2 of the sewer in Kharkiv
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Calculation of the tunnel protective lining of composite
polymer elements was done on the basis of a geome-
chanical model of two-layer lining deformed together
with the surrounding mass to determine the required
thickness of the protective lining and to develop the res-
toration technology for sewer tunnel with the design di-
ameter of 1840 mm. Initial statements accepted for the
calculations:

1. Load-carrying capability of the reinforced con-
crete lining is taken for granted.

2. The following loading conditions as controlling
cases for protective lining made of polymer elements are
accepted:

a) external hydrostatic pressure of concrete mix dur-
ing concreting of the tube spaces;

b) external hydrostatic pressure of the water which is
filtered in the ground and penetrates through the rein-
forced concrete lining.

The calculation was performed by the finite-element
method by means of SCAD software package.

The design model is a fragment of cylindrical shell
with the length of 1.2 m and the diameter of 1.8 m con-
sisting of flat quadrangular finite shell elements (type
FE — 44) with dimensions 0.12 - 0.12 m.

The boundary conditions are taken in the form of
bonds and associations of displacement (by introducing
rigid solids) in the nodes located on perimeter of the end
sections of the considered area that corresponds to the
articulated joint of adjacent areas of the protective lining
with temporary (for the period of concreting) reinforce-
ment with rigid diaphragms.

The following parameters of final elements in the de-
sign model are accepted:

- thickness — 30 mm;

- modulus of elasticity E= 1.4 - 10* MPa;

- Poisson’s ratio v=0.3.

Tensile strength for polymer material is assumed to
be 170 MPa.

Simulation data in the form of isofields of displace-
ments and forces are shown in Figs. 3—10.

Fig. 3. Absolute displacements of reinforced lining (devi-
ations from the initial position) during concreting,
mm
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Fig. 4. Z axis displacements of reinforced lining during Fig. 7. MXY torques in the structure of reinforced lining
concreting, mm during concreting, kNm/m

Fig. 5.MX torques in the structure of reinforced lining Fig. 8 QX forces in the structure of reinforced lining dur-
during concreting, kNm/m ing concreting, kN/m

Fig. 6. MY torques in the structure of reinforced lining Fig. 9. QY forces in the structure of reinforced lining dur-
during concreting, kNm/m ing concreting, kN/m
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Fig. 10. QY forces in the structure of reinforced lining
during concreting, kN/m

The obtained numerical simulation data allowed de-
termining the required parameters of the concrete lining
and reinforcement polymer elements for specific geo-
logical conditions; the parameters provide long opera-
tional capability of the tunnel.

Taking into account modern development of recy-
cling technology for secondary polymer materials, as
well as industrial applicability of 3D printing technology
for manufacturing protective coating products, the pro-
posed method for sewer tunnel restoration has the fol-
lowing features:

- products of secondary polymer materials are used;

- the protective lining structure is divided into sepa-
rate elements connected by longitudinal interlocks and
spigot-and-socket joints at installation.

The technological cycle of sewer tunnels restoration
consists of the following main steps:

1) cleaning and preparation of internal surfaces of
tunnel lining;

2) installation of reinforcement in the tube space if it
is necessary to reinforce the areas of the tunnel support
structure with insufficient bearing capacity;

3) installation of SPCM elements of the protective
lining;

4) concreting of the tube space by injecting high-
slump concrete mix.

Table 2 shows cost indicators for different restoration
technologies per 1 running meter of a tunnel.

The advantages of the proposed method of sewer
network restoration are as follows:

- the ability to carry out restoration in cramped
space;

- manufacturability and ease of installation provided
by geometric parameters of the protective lining ele-
ments;

- the possibility of varying the thickness of the tube
space if it is necessary to strengthen the supporting
structure of the tunnel;

- reliability and durability determined by the choice
of the polymer products thickness (20—30 mm), as well
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Table 2

Cost indicators of materials and structures used
for tunnel restoration

Cost of
No. Structure Designation Unit unit®,
UAH
1 | Spiro polyethylene pipe 1724 mm | running | 17 210
in diameter meter
2 | Fiberglass pipe 1600 mm in running | 25 140
diameter meter
3 | VPCM structures 1750 mm in running | 2040
diameter meter

* Prices of the year 2017

as corrosion resistance of the material exposed to ag-
gressive action which is characteristic of sewer networks;

- the possibility of passing wastewater in the sewage
collector through the catheter pipe line during restora-
tion (in case of sufficient drive diameter for blade shields
with the diameter of 3.2 and more).

Conclusions and recommendations for further re-
search. The proposed method for restoration of tunnels
of urban underground structures using SPCM products
meets the requirements mentioned above and can be
widely applied at low cost of protective lining, which
makes it a competitive alternative to existing methods
and provides the opportunity to find a cost effective so-
lution for the problem of restoring operational integrity
and reliability of deep underground sewer pipe net-
works. At present, the proposed method of tunnel resto-
ration is at the stage of pilot implementation in Vodo-
kanal Public Utility in Kharkiv.
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VYV nmanwmit yac mim3eMHa iHQPaCTPyKTypa BETUKUX
MicT YKpaiHu iCTOTHO 3HOIIIEeHA BHACJiJOK TPUBaIOl
eKcIuTyaTaiii, Hee()eKTUBHUX pillleHb IION0 3aXUCTY
KOHCTPYKIIiiA Bill arpeCMBHOIO BIUIMBY CEpPEIOBUIIIA,
HU3BKOI SIKOCTi MaTepiajiB i OymiBeIbHO-MOHTAXKHUX
poOiT npu OyaiBHUUTBI. BimHOBIEHHS eKcIuTyaTalliii-
HUX XapaKTepUCTUK, HATiMHOCTI i1 MOBroBiYHOCTI eJie-
MEHTIB MiA3eMHOI MepexXi BUpOOOK — BUTpPATHE, TeX-
HiYHO Ta OpraHizalliiHO cKJagHe 3aBAaHHs. [IpoTte
loro BUpillleHHS HEOOXiIHe IS 3a100iraHHs aBapiii, y
TOMY YMCJIi TaKUX, 110 MalOTh CEPHO3HI €KOJIOTiUHi Ta
€KOHOMiYHi HacJTiAKu. [CHyI0Ui Cy4acHi TEXHOJIOTi1 BU-
KOHaHHS poOiT 3 BiZHOBJIEHHS (DYHKIIIOHYBaHHS Mil-
3eMHOI iH(ppacTPyKTypH BeJIMKUX MIiCT, MaTepiaiu, 110
3aCTOCOBYIOThLCS IS iX BiTHOBIIEHHS, 3 Pi3HOIO eheK-
TUBHICTIO TO3BOJISIIOTh BUPIllyBaTU 3a3Ha4yeHi 3a1adyi.
AJie pa3oM 3 TUM IOTpeda 3HMKEHHS BUTpaT Ha Bil-
HOBJICHHSI 32 paXyHOK caMe BUKOPUCTaHHS BTOPUHHOL
MOJiIMEPHOI CUPOBUHM, YIOCKOHAJIEHHSI TEXHOJIOTiu-
HUX pillIeHb i BUPillIEeHHST TPOOJIeM €KOJIOTil MeraroJi-
CiB € aKTyaJIbHUM HaIPSIMOM OCJIiIKEHb.

Merta. 3 ypaxyBaHHIM HAaKOIMMUYEHOTO JOCBiAy €KC-
ruiyaTallii po3poOUTH reoMexaHiuHi Moaesi, Ta Ha iX
OCHOBI 3alpoIOHYBaTU TEXHiYHi PillIEHHSI 3 BiIHOB-
JICHHSI eKCIUTyaTalliiiHOi MpUIAaTHOCTI, HamiAHOCTI I
JIOBFOBIYHOCTi TMPOTSKHUX BUPOOOK MICBHKOI Imim3eM-
HOI Mepexi.

Metoauka. Bkiiogae HaTypHi 00CTeKeHHS eKCILTy-
aTOBaHUX MiI3eMHUX BUPOOOK, EKCIIEPUMEHTANIbHI 10-
CJIiI>KEHHSI TTOJIiIMEPHOTO0 MaTepialy B yMOBaxX arpecuB-
HOTO CepeloBMIIa I YMceIbHEe MOJEIIOBAaHHS HAIpy-
>KE€HO-/1e(DOPMOBAHOIO CTaHY 3aXUCHOTO OOJIUIIIOBAH-
Hs Ha eTarax 3BeIeHHs Ta eKCIuTyaTallii.

PesyabTaTtu. CBimyaTh Mpo BUCOKY €(DEKTUBHICTh
po6OTHU MTaHOTO TMOJIMEPHOTO MaTepialy B YMOBax [ii
arpeCUBHOTO CEPENOBUINA; UYMCEIbHE MOICTIOBAHHS
HaIIpy>XKeHO-1e(OPMOBAHOTO CTaHY 3aXHCHOTO OO0JIM-
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LIFOBaHHS TO3BOJISIE TIPU3HAYATH ONTHMAIbHI TeOMe-
TPUYHI MMapaMeTpy eJIeMEeHTIB OOJIMIIOBAHHS B 3aJIeXK-
HOCTI BiJl MeXaHIYHUX BAACTUBOCTEI MaTepialy Ta 0co-
0IMBOCTEN TEXHOJIOTII 3BEAEHHS OOJUIIIOBAHHSI.

HaykoBa HoBH3HA. 3aITpONIOHOBAaHA TEXHOJIOTIS Bill-
HOBJICHHSI KPiTUJICHHSI POTSIKHUX TTiA36MHUX BUPOOOK
i OOrpyHTOBaHA MOXJIMBICTb 3aCTOCYBaHHSI BUPOOiB 3
KOMITO3UTHOTO MaTepiajly Ha OCHOBI BTOPMHHOI MOJi-
MEpHO1 CUPOBUHHM.

IIpakTiyna 3nHaummicTh. [lossira€e B €KOHOMIYHO
e(eKTUBHOMY BUIlLIEHHI MPOOJIEMU BiTHOBJIEHHI Kpi-
IUIEHHS TPOTSDKHUX MiA3EMHUX BUPOOOK (TyHENiB) 3a
pPaxXyHOK BUKOPHCTAaHHSI BTOPMHHHUX ITOJIMEPHUX Mate-
piaitiB. 3acTocyBaHHSI BUPOOIB i3 IIMIX MaTepialliB MpH Bijl-
HOBJICHHi KpIiIlJIEHHsI MPOTSLKHUX IMiA3eMHUX BUPOOOK
(TyHeJiB) Ma€ CYTTEBUII €KOHOMIUHMII i €KOJIOTIUHMI
e(exT, a TakoXK 3a0e3revyye MOXKIIUBICTh POBEACHHS PO-
0iT 3 BITHOBJICHHSI NUISTHOK 3 OOMEXEHUM TOCTYIIOM.

KimouoBi cioBa: micoki niozemui eupobku, eeomexa-
HiuHi MoOdeni, pyUHY8AHHA KpPINAEHHS, 3aXUCHe 00AULI0-
8AHHS, BMOPUHHI KOMNO3UMHI NOAIMEPHI Mamepiaiu
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B Hacrogiee BpeMst moazeMHass UH(ppacTpyKTypa
KPYMHBIX TOPOAOB YKpauHbI CYILIECTBEHHO U3HOIIIEHA
B pe3yJibTaTe IJIUTEJbHON 3KCIUTyaTauuu, Headdek-
TUBHBIX PeIIEHUI T10 3alllUuTe KOHCTPYKIUUI OT arpec-
CHBHOTO BO3IEUCTBHUS CPEIBl, HU3KOTO Ka4eCcTBa MaTe-
pHAIIOB ¥ CTPOUTEIIFHO-MOHTAXKHBIX pa0OT P CTPOM -
TeabcTBe. BoccTaHOBIEHME SKCIUTyaTallMOHHBIX Xa-
PaKTePUCTUK, HAIEKHOCTH U JOJITOBEYHOCTHU dJIEMEH-
TOB IMOJA3EMHOM CETH BHIPAOOTOK — 3aTpaTHasl, TEXHH-
YECKU M OpTaHU3allMOHHO CI0XHas 3agada. OqHako ee
pelleHrue HeoOXoIMMO IIJIsl TTPENOTBPAILeHUS aBapuit,
B TOM YUCJIE UMEIOLLIMX CEPbE3HBIE YKOJOTUUECKUE U
SKOHOMUYeckre Tmocaenctsus. CylecTBYIOIIME CO-
BpEMEHHbIE TEXHOJIOTMM BBIMOJIHEHUST pabOT Mo BOC-
CTAHOBJIEHUIO (DYHKIIMOHUPOBAHUS TMOA3EMHON WH-
(G pacTpyKTypbl KpyIHBIX TOPOIOB, MaTepUaIbl, MPU-
MEHSIEMbIE [IJI1 UX BOCCTAHOBJIEHUSI, C pa3HOM 3 dek-
THUBHOCTBIO ITO3BOJISIIOT peIllaTh YKa3aHHBIC 3amadm.
Ho BMecTe ¢ TeM MOTpeOHOCTh CHIDKEHUS 3aTpaT Ha
BOCCTAHOBJICHHE 32 CUET MCITOJIb30BAHMSI TTIOJTUMEPHO-
IO CBIPbsI, COBEPILIEHCTBOBAHUS TEXHOJOTUUECKUX pe-
IIEHUN U PelIeHUs MPOoOJeM SKOJIOTUY MEerarojanucoB
SIBJISIETCS aKTyaJIbHBIM HaIlpaBJIeHUEM UCCIIeIOBaHUA.

Iean. C yyeToM HaKOIUIEHHOI'O OIbITa SKCILTyaTa-
LIMKU pa3paboTaTh reoMeXaHUYeCKHUe MOJAEIU, U Ha UX
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OCHOBE TIPEJIOKUTh TEXHUYECKWE PENIeHUs 1O BOC-
CTAHOBJICHUIO 9KCIUTyaTAIMOHHOUN MPUTOJHOCTU, HA-
JIEXHOCTU M TOJITOBEYHOCTU TIPOTSKEHHBIX BbIPAOO-
TOK T'OPOACKOM TOI3EMHOM CETH.

Mertoauka. Bxiiouaer HatypHBIe 0OCIEeIOBaHUS
3KCILTYyaTUPYEMbIX MTOI3EMHBIX BBIPAOOTOK, SKCIEpU-
MEHTaJIbHbIE UCCIIENOBAHMS TIOJTMMEPHOTO MaTepuaa
B YCJIOBUSIX aTPECCUBHOM CPEIbl M YMCIIEHHOE MOJIEIM -
poBaHMe HaNpsKeHHO-Ie(OPMUPOBAHHOTO COCTOSI-
HUS 3alIUTHON OOJIMIIOBKM Ha 3Taltax BO3BEACHUS U
AKCITTyaTaluu.

Pe3yabTatbl. CBUIETEIBCTBYIOT O BBICOKOM 3 dhek-
TUBHOCTH PAOOTHI PacCMaTPMBAEMOTO TOJUMEPHOTO
Marepuaia B YCIOBUSX BO3IEHCTBUSI arpecCUBHON
Cpelbl; YUCTIEHHOE MOAEIMPOBAHUE HATPSIKEHHO-Ie-
(OopMHPOBAHHOTO COCTOSIHUSI 3aIlMTHON OOJIMIIOBKU
MO3BOJISIET HA3HAYATh ONTUMAJbHbIE TEOMETPUUYECKUE
MapaMeTphbl 3JIEMEHTOB OOJIUIIOBKY B 3aBUCUMOCTU OT
MEXaHUYECKUX CBOWCTB MaTepuana U OcOOeHHOCTEN
TEXHOJIOTMHU YCTPOICTBA OOJUIIOBKH.

Hayunas noBu3na. IIpenioxeHa TEXHOJIOTMSI BOC-
CTaHOBJICHUSI KPETTH MPOTIKEHHBIX TIOJ36MHBIX BbIpa-
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00TOK 1 000CHOBaHA BO3MOXKHOCTh TIPUMEHEHUST KOM-
TMO3UTHOTO MaTepuaja Ha OCHOBE BTOPUYHOTO TOJIU-
MEPHOTO ChIPbSI.

IIpakTHYecKas 3HAYUMOCTh. 3aKJTI0YAETCSI B 9KOHO-
MUYeCKU 3 (HEKTUBHOM pellieHUU MTPo0ieMbl BOCCTa-
HOBJIEHUSI KPETU MPOTSKEHHBIX MOA3EMHBIX BbIpa0o-
TOK (TOHHEJEli) 3a CYET MCIOJIb30BAHUS W3INEIUN U3
BTOPUYHBIX TMOJMMEPHBIX MaTepuaioB. [IpumeHeHue
U3ACIUA U3 3TUX MaTepUajoB MPU BOCCTAHOBJIECHUU
KpeIJIeHUs TPOTSKEHHBIX MOM3EMHBIX BBIPAOOTOK
(TOHHeJei) UMeeT CYILEeCTBEHHbIH 9KOHOMUYECKUN U
aKoJiornueckuii apdexT, a Takxke obecreunBaeT BO3-
MOXHOCTh TIPOBEACHUsI PAabOT MO BOCCTAHOBIEHUIO
YYaCTKOB C OTPAHUYEHHBIM JOCTYIIOM.

KimoueBblie ciioBa: 2opodckue nodsemHuie bipabom-
KU, eeomexanuveckue mooeau, paspyuienue Kpenu, 3a-
wumnas 06AUYOBKA, 8MOPUYHbIE KOMNOZUMHbIE NOAU-
MepHble Mamepuansl

Pexomendosano 0o nybaixauyii dokm. mexH. HayK
1. A. Meneiinokom. Jlama HaoxoOxuceHHs — pyKonucy
21.12.17.
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