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INVESTIGATION OF INNER SHEAR RESISTANCE
OF GEOGRIDS BUILT UNDER GRANULAR PROTECTION
LAYERS AND RAILWAY BALLAST

Purpose. Using adequate granular materials and layer structures in the railway super- and substructure is able to
stabilise railway track geometry. For this purpose special behaviour of above materials has to be determined, e.g.
inner shear resistance. Inner shear resistance of granular media with and without geogrid reinforcement in different
depths is not known yet. Methodology. The author developed a special laboratory method to measure and define
inner shear resistance of granular materials, it is called «multi-level shear box test». This method is adequate to de-
termine inner shear resistance (pushing force) vs. depth (distance from the «zero» surface). Two different granular
materials: andesite railway ballast (31.5/63 mm) and andesite railway protection layer material (0/56 mm), and
seven different types of geogrids (GG1...GG7) were used during the tests. Findings. Values of inner shear resis-
tance functions of andesite railway ballast without geogrid reinforcement and reinforced with different types of
geogrids and andesite granular protection layer in function of the vertical distance from the geogrid plane were de-
termined with multi-layer shear box tests when the material aggregation is uncompacted and compacted. Only the
compacted sample was tested in case of the 0/56 mm protection layer. Cubic polynomial regression functions fitted
on the mean values of the measurements are described graphically. Determination coefficients with values of
R?>0.97 were resulted in all the cases of regression functions. Based on the polynomial regression functions fitted
on the mean values of the test results, three increasing factors were determined in function of the distance measured
from the geogrid. Increasing factor «A», «B» and «D». Originality. Multi-level shear box test, developed by the
author, is certified unequivocally adequate for determining inner shear resistance of reinforced and unreinforced
granular materials, e.g. railway ballast, protection layer. Practical value. The paper formulated the requirements of
using geogrid-reinforced railway ballast and protection layer material to stabilise railway track geometry, e.g. dewa-
tering, draining, separation, minimum ballast depth, and suggested geogrid types from investigated ones.

Keywords: railway ballast; geogrid reinforcement; granular protection layers; multi-level shear box tests; inner
shear resistance

Introduction

The self-financed R&D work of MAV (Hun-
garian Railways) titled *Application of geogrids to
stabilize railway ballast’ was carried out in the pe-
riod between 2009-2014, the entreprencur was
Universitas-GyOr Nonprofit Ltd., topic supervisors
were F. Horvat and Sz. Fischer. Research included
examination of test sections built in rail tracks
(analysation of geodetical measurements and rail-
way track geometry measuring-recording car
graphs), discrete element modelling of railway bal-
last (only between 2009 and 2011), and examina-
tion of laboratory multi-layer shear box tests. In
the following part of this article only research re-
sults of the latter part between 2012 and 2014 will
be presented in details. Not only railway ballast but
granular protection layers were also aimed at in

this 2014 research work so a more complex picture
was given of inner shear resistance of geogrid-
reinforced granular layers and its increasing effect.
The author notes that the laboratory test series pre-
sented in this article is not enough to evaluate the
behaviour of the examined geogrids in rail tracks,
by all means new test sections will need to be cre-
ated and their continuous diagnoses is necessary.

Purpose

Using adequate granular materials and layer
structures in the railway super- and substructure is
able to stabilize railway track geometry [5, 9, 10,
11, 12, 13, 14, 15]. (The better the railway track
geometry the higher train speed can be reach [6, 7,
8].) For this purpose special behavior of above ma-
terials has to be determined, e.g. inner shear resis-
tance. Inner shear resistance of granular media
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with and without geogrid reinforcement in differ-
ent depths is not known yet.

Methodology

The theoretical background of the behaviour of
geogrid-reinforced ballast and its increasing effect
on inner shear resistance can be understood in de-
tails from the author’s Ph.D. thesis [1]. Due to con-
tent limit the execution of laboratory multi-layer
shear box tests will not be discussed here, they are
found in bibliography [4] and [3] in details. In the
following part of this article these sources will not
be referred to, but the knowledge of them is inevi-
table to understand the tests discussed hereinafter.

The origins of materials used for our multi-
level shear box tests:

— 31,5/63 mm andesite railway Dballast:
KOKA K&- és Kavicsbanyaszati Ltd.,

— 0/56 mm andesite granular protection layer
Colas Eszakké Ltd., Szob quarry,

— geogrids: Tensar International s.r.o.

Tests before measurements:

— Dballast particle distribution and particle
shape examination,

— particle size distribution test of granular
protection layer (provided by Colas Eszakké Ltd.),

— determination of resistance evolving on
each shear plane between the frame elements of the
empty shear box.

Laboratory measurements of inner shear resis-
tance in case of differently formed layer structures:

— determination of inner shear resistance of
railway ballast material (31.5/63 mm) without op-
erating vertical load with compacted and uncom-
pacted ballast material, with different types of
geogrids and without geogrid

— determination of inner shear resistance of
granular protective layer (0/56 mm) without oper-
ating vertical load with compacted granular protec-
tive layer without geogrid and compacted ballast
material with two different types of geogrids:

— compacted granular protection layer with
material, at layer structure created without geogrid,

— compacted ballast material, at layer struc-
tures created with seven different types of
geogrids.

To describe inner shear resistance 3-3 meas-
urements were performed for each arrangement
and each shear plane.

During the tests the elasticity modulus of the
base layer was E, =7.2 MPa. The thickness of the
ballast material and the granular protection layer
was 40 cm, the ballast material and the thickness of
the compacted sand layer laid under these layers
was 10 cm. One layer of Naue Secutex 151 GRK 3
type geotextile was laid between the sand layer and
the Austrotherm Thermopan plates (geometrical
and mechanical parameters of the geotextile are in
the referred literature).

Characteristics of geogrids applied
in laboratory tests

Seven different types of geosynthetics were ap-
plied during the laboratory tests:

- GGl1, GG2, GG3: (examined with railway
ballast and granular protection layer),

-  GG4, GGS5, GG6, GG7 (examined only
with granular protection layer).

With the exception of GG5 all geogrids are ex-
truded, whereas GG5 was with welded junctions.

Geogrids and their geometrical characteristics
are recorded in Table 1 and Figures 1-4.

Table 1

Geometrical characteristics of geogrids

Type of
geogrid/
geomet-
rical
charac-
teristics
[mm]

A 38.0147.0

GG1 | GG2 | GG3 | GG4 | GGS5 | GG6 | GGT

700 - | - | - | -
AL | = | = | - [390]320]470| -
Ar | = | = | = [39.0]320(31.50| —
A — == =-1=1] - |40
A, [320]390| - | - | = | - |440
As | - | = | =1 -=1]-=1] - |600
Wr  |0.80[1.10
we | - | - | -
Wr | - | - | - | -] -
Wik | - | - | - | -] - |25 -
Wi | - | - | - 6.00 | —
Wei | = | = | = | = | =] = |19
Wee | = | = | = | = | = | = |19

8.00 | —
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Fig. 1. Meanings of geometrical
characteristics of GG1,
and GG3 geogrids

in the multi-layer shear box test is contained in (1),
GG2 granular protective layer consists of 30% 31.5/63
mm E-type ballast stone, 40% 0/32 mm and 30%
0/5 mm fractions, its particle size distribution

Roll koxigth —®———®—  graph is described in Figure 5.
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Fig. 5. Particle size distribution
of granular railway protection layer material
[Source: Colas Eszakko Ltd.]
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Findings

Values of inner shear resistance functions of
andesite railway ballast without geogrid rein-
forcement and reinforced with different types of
geogrids and andesite granular protection layer in
function of the vertical distance from the geogrid
plane were determined with multi-layer shear box
tests when the material aggregation is uncom-
pacted or compacted with the method described in
the referred literature (only the compacted sample
was examined in case of the 0/56 mm protection
layer.) Due to content limit the summarized results
— the cubic polynomial regression functions fitted
on the mean values of the measurements — will
only be described graphically in Figures 6-7.

20

U.C. = uncompacted
C.o=compacted

18 | Marking:

e

Pushing i

o 5 0 15 20 25 k] 35 40
Distance from geogrid layer (cm)
& LU.C,, with GGI
o U.C., with GG3
h GGl
= ., with GG3
= Polynom. (L.C,, with GGl
= Polynom., (L with GG3)
<o+ Polynom, (C GG
<+« Palynom. (C.. with GG3)

“.. without geogrid)

with GG2)
thout geogrid)
<<=« Polynom. (C., with GG2)

Fig. 6. Mean values of pushing force
values and cubic polynomial
regression functions fitted
on the mean values of the measurements
in case of railway ballast material
(31.5/63 mm)
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Fig. 7. Mean values of pushing force values
and cubic polynomial regression functions fitted
on the mean values of the measurements
in case of granular railway protection
layer material (0/56 mm)

A compressive force of 0 kN was taken on the
40 cm distance measured from the geogrid plane as
a boundary condition, because on the upper plane
the shear phenomenon can not be interpreted. De-
termination coefficients with values of R*>0.97
were resulted in all the cases of regression func-
tions.

When geogrids were released after the shear
tests, no significant deterioration was experienced
in the cases of any types. However, some cases of
minor geogrid rib breakage were noticed but their
operational behaviour is not influenced by them.

Based on the polynomial regression functions
fitted on the mean values of the test results, in-
creasing factors were determined in function of the
distance measured from the geogrid, which have
the following mechanical meaning (the meanings
of all the five increasing factors are found in litera-
ture (1), in the present case only 3 of them were
needed):

— increasing factor «A»: improving effect of
built-in geogrid in compacted layer (increasing
inner shear resistance)

— increasing factor «B»: effect of compac-
tion in geogrid-reinforced layer

— increasing factor «D»: improving effect of
built-in geogrid (increasing inner shear resistance)
in uncompacted layer.

In Figures 8-11, three different increasing fac-
tors were given for railway ballast (31.5/63 mm)
and granular protection layer (0/56 mm), and seven
types of geogrids in the function of the distance
were measured from geogrid plane.
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Fig. 8. Increasing factor «A» in case
of railway ballast material
(31.5/63 mm)
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Originality and practical value

Based on the test results introduced in details it
can unequivocally be stated that the multi-layer
shear box test is suitable to determine certain high
coordinated points of inner shear resistance func-
tions typical of horizontal planes in granular mate-
rial aggrevations — in the present case in railway
ballast and 0/56-mm protective layers. With these
points and the application of 0 kN compressive
force taken as boundary condition on the upper

plane of granular material aggrevations, the inner
shear resistance function typical of horizontal
planes can be approximated with regression func-
tions, but the fact must be acknowledged that these
regression functions only provide approximate but
reliable results in heights of measurement.

Based on the results of laboratory multi-layer
shear box tests, it can unequivocally be stated that
inner shear resistance in both uncompacted ballast
and compacted granular protection layer is in-
creased with the adequate type of geogrid layer
built under the granular material aggregation in the
following way:

— inrailway ballast:

— Uncompacted layer without geogrid and in
case of GG3 reinforcement in 0-cm height, while
in case of GG1 and GG2 reinforcement the maxi-
mum of inner shear resistance functions is in the
5...10 cm zone above the geogrid, out of which
GG3 had the highest one, because with GG1 and
GG2 reinforcement the 38.0 mm and 47.00-mm-
sidelength regular triangle apertures were too small
compared to the 31.5/63 mm railway ballast parti-
cles, therefore the ’interlocking’ effect could not
fully evolve and take effect.

— Compacted layer both without geogrid re-
inforcement and with GG1, GG2 and GG3 rein-
forcement the maximum of inner shear resistance
functions were in about 10 cm- height above the
geogrid plane, in case of GG3 was the highest
value, in case of GG1 (application) weakening in
the geogrid plane, while in case of GG2 (applica-
tion) only little reinforcement could be determined,
they refer to the effects of smaller geogrid aper-
tures in compacted railway ballast. Reinforcement
in case of GG3 geogrid is 1.4...1.8 times higher
than in the case without geogrid.

— Diverging from the geogrid plane the ef-
fect of reinforcement prevails more and more with
all the three types of geogrids both in uncompacted
and compacted railway ballast. It is interesting that
the highest amount of reinforcement can be experi-
enced with GG1 geogrid in case of uncompacted
ballast in 30 cm height measured from the geogrid
plane, the lowest is with GG3 geogrid (Figure 11)
— its reason is not clarified yet on the contrary, in
compacted ballast (which reflects real-life operat-
ing rail tracks better) the optimum in the whole
layer thickness is gained with GG3 reinforce-
ment/application containing bigger apertures.
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— In compacted granular protection layer:

— the maximum of inner shear resistance
functions is in the 5...10 cm height in cases with-
out geogrid and with GG1 and GGS5 reinforcement,
whereas in the cases of other geogrid types it is in
the geogrid plane. Reinforcement was achieved
with all the geogrid types in the geogrid plane, the
highest with GG3, the lowest with GGS5, on the
contrary, in the whole layer thickness in 10/15...30
cm height GG1, GG3, GG4 and GG7 types do not
even reach the value of the inner shear resistance
measurable without geogrid, so in this interval
slight weakening can be measured. It is an interest-
ing phenomenon that the minimum of reinforce-
ment is in the 15...20 cm zone with GG2, GGS,
GG6 and GG7 types. GG6 type is able to reinforce
the granular protection layer in the biggest interval,
if achieving the highest reinforcement in the
geogrid plane is the aim, applying GG3 type is not
recommended, because it is only able to ensure
90...95% of the inner shear resistance of the origi-
nal granular material in the 20....30 cm height.

— Inner shear resistance (Fig. 10) is signifi-
cantly increased by compaction in geogrid-
reinforced railway ballast, the effect is the highest
in case of GG3 (2.6 times in the 30 cm height),
reinforcement has a maximum in the 15...20 cm
height with the application of GG1 and GG2,
where 1.9 times higher value can be measured than
the inner shear resistance of uncompacted but iden-
tical geogrid-reinforced railway ballast.

Based on the results above further observations
are made:

— The separation of ballast and protective-
reinforcing layer or the material of substructure
earth works, the application of geocomposite are
highly recommended considering the viewpoints of
adequate dewatering and draining, or in such
a case the interlocking of ballast particles into the
geogrid apertures must be generated (geotextile
bonded on geogrid or geotextile laid on the geogrid
without bonding are suitable for this purpose, but
with welded geogrids (e.g. GGS5) the factory geo-
textile geocomposite, which laid between the
geogrid ribs during the welding is not suitable
[1,3,4].

— A minimum of 23-33-cm ballast thickness is
needed for ballast cleaning and tamping in railway
ballast under the bottom plane of the sleeper, so this
technological limit must be considered when planning,

— The application of GG3 geogrid is recom-
mended with railway ballast.

—  Principally the application of GG2, GG5
and GG6 types is recommended with 0/56 mm
granular protection layers when the aim is rein-
forcement in the whole layer thickness, if the rein-
forcement in the geogrid plane is necessary, GG3
is recommended.

Conclusions

In the article the inner shear resistance of geogrids
built under the railway ballast and the 0/56 mm
granular protection layer were investigated with
a multi-layer shear box specifically developed and
manufactured for this purpose. During my examina-
tions uncompacted and compacted railway ballast,
and seven different types of geogrids in case of com-
pacted granular protection layer were studied. Inner
shear resistance of the railway ballast and the granu-
lar protective layer was determined for cases without
geogrid and reinforced with different types of
geogrids in compacted and uncompacted condition,
moreover, reinforcing effects were described with
three kinds of increasing factors at each variant.

During laboratory multi-level shear box tests
a more widespread analysis of the effects of geogrids
built under the railway ballast for track geometry sta-
bilization can be improved in the future with:

— application of used railway ballast that is
sharp-edged, i.e. in new condition and consisting of
rounded particles,

— usage of dry, wet and oily railway ballast,

— examination of layer structures built on dif-
ferent substructural strength modulus bases (perhaps
bonded ballast base [2, 16],

— application of different ballast thicknesses

— usage of other, different types of geo-
grids/geocomposites,

— tests performed under vertical load,

—  perform of dynamic tests,

Further research possibilities
reinforced layers are the following:

— examination of layer structures built on dif-
ferent substructural strength bases,

— usage of different layer thicknesses,

— application of several geogrids simultane-
ously in the layer structure (e.g. in 0 cm and 20 cm
height),

— usage of different
grids/geocomposites,

with geogrid-

types of geo-
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— tests performed under vertical load,
— execution of dynamic tests.
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MCCJIEJTOBAHUE BHYTPEHHEIO CONTPOTHBJIEHHS C/IBUTY
T'EOPEIIETOK, YJIOKEHHBIX ITOJT BAJIJIACTHBIN CJION
JUISI ETO 3AIIATHI

Lens. Vcronp3oBaHHE COOTBETCTBYIOIIUX CHITYYMX MATEPHAIOB W MHOTOCJIOWHBIX CTPYKTYp Ha Makpo-
U MHKPOYPOBHE KOHCTPYKIMH J>KEJIE3HOAZOPOXKHOTO IYTH CIIOCOOHO CTaOMIM3MPOBAaTh TI'€OMETPHUIO IKEIE3HOH
joporu. Jlns peanm3zalMu 3TOM LEJNH JOJDKHBI OBITH  ONPEAENEHBl COOTBETCTBYIOIIME XapaKTEPHCTUKH
NPUMEHACMBIX MaTepHajoB, B T.d. BHYTPEHHEE COIPOTHBIECHHE CIBHUI'Y. BHyTpeHHee CONPOTHUBIICHHE CABUTY
CBIIIYYMX MaTepuajioB C apMHPOBaHHEM TIe€OpelIeTKOW M 0e3 Hero — Ha pas3HbIX TIyOMHax II0Ka He H3Y4eHO.
MeTtoauka. ABTOpoM pa3paboTaH CrelHalibHbIN J1a00paTOpHBI METOJ| U3MEPEHUs] 1 ONpe/esIeHHsT BHYTPEHHETO
COIIPOTHBIICHHS CIIBUTY 3€PHUCTBIX MaTEPHAJIOB, KOTOPBIl HA3bIBAETCSI «MHOTOYPOBHEBBIH OOKC TECTUPOBAaHUS Ha
CABUT». DTOT METOJ SIBJISIETCS IEKBATHBIM JUIS ONPEAEIICHUS BHYTPEHHETO CONPOTHUBIICHNS CIABHUTY (CABUTAIOIIAS
CHjla) B 3aBHCHUMOCTH OT NIIyOMHBI (PacCTOSIHUE OT «HYJIEBOI» MOBEpXHOCTH). Bo Bpemst uchbITaHuii ObLIO
PaccMOTPEHO J1Ba pa3sIMUHbIX ChITy4nX Marepuana: 6amuiact (31.5/63 Mm) u cnoii 3amrHoro matepuana (0/56 Mm),
a TakKe ceMb pa3nuyHbIX THIOB reopemerok (GGl...GG7). Pesyastarhl. VcnbITaHUAMH, TPOBOIUMBIMHI
C HCIOJIb30BaHUEM MHOTOYPOBHEBOIO OOKCa TECTUPOBAHUS Ha CIBHI, OIPEICNICHBl 3HAYCHHsS BHYTPESHHETO
CONPOTHBIICHUS CIBUTY 0ajltacTa, Kak 0e3 MCHOJIb30BAaHUS apMUPOBAHHUS, TaK U C HCIOJIB30BAaHUEM YKPEIUICHUS
pasIMYHBIMM THHAMH reopemieTok. OHM TNpPEACTaBIEHB B BHAEC (QYHKIMM OT INIyOMHBI B BEPTHKAILHOM
HaIIpaBJIeHUH Ul YIUZIOTHEHHOTO M HEYIUIOTHEHHOTO COCTOSHUS Marepuaina. IIpu MccieqoBaHUM 3alIUTHOTO CIIOS
0/56 MM paccMaTpHBaJIMCh TOJBKO YIUIOTHEHHBbIE OOpa3libl. YCTAHOBJCHHBIC CpPEAHUE 3HAueHHs (QYHKIHUU
perpeccuu B BUje KyOMYECKOIro MOJMHOMA MPEICTABICHBI B rpaduueckoM Buie. JIJih BCeX BapHAHTOB IMOJYYCHBI
3HaueHus KOIDDUIMEHTOB AeTepMUHaLKK ByHKIHH perpeccus R*>0.97. Vcnons3ys MONMMHOMUHATbHbIE ()YHKIIHH
perpeccumn, MOJYYCHHBIC 110 CpE€AHUM 3HAUYCHHUAM PpPCE3YyJIbTAaTOB HCHbITaHPIfI, YCTaHOBJICHBI TpHU OCHOBHBLIX
rapaMeTpa B 3aBHCUMOCTH OT PAacCTOSIHUM, U3MEPEHHBIX OT TeopemeTku, — «A», «By» u «D». Hayunas HoBH3Ha.
Pa3paboTaHHbIi aBTOPOM MHOTOYPOBHEBBIH OOKC TECTUPOBaHMS Ha CABHI CEPTH(GHIMPOBAH KaK aleKBAaTHBIM IS
OIIpe/ieNIeHNs] BHYTPEHHETO CONPOTHBIICHUS CIBHIY apMHPOBAaHHBIX M HEAPMUPOBAHHBIX CHITYYHX MaTEpUAJIOB,
B TOM uucie Oamiacta W ero 3ammrHoro cios. IlpakTuyeckasi 3HAUMMOCTh. B crathe choOpMynupoBaHEI
TpeOOBaHMSA M JaHBl PEKOMEHAALMH 110 BBIOOPY THIIOB I'€OPELICTOK IS YCHICHHUS M 3aIlUTHl 0aiacta C LEJbIo
CTa0WIM3ald TeOMETPHUH IIOJIOKEHHS PEJIbCOB, a TakKe JUIil CIIy4aeB MAETHUIPUPOBAHUS, IPEHUPOBAHHMA,
CerapupoBaHys ¥ HETIOIHOTHI OaIaCTHOTO CJIOS.

Knrwouesvie cnosa: 6amiact; apMUpOBaHUE T'€OPEIICTKOM; TPaHyIMPOBAHHbBIEC 3aIIUTHBIE CIIOW; MHOTOYPOBHEBBIN
OOKC TeCTHPOBAHHUS Ha C/IBUT; BHYTPEHHEE COIIPOTHBIIEHHE CABUTY
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1 TPAHCIIOPTHOTO MalIMHOOY {yBaHHsI, Y HiBepcuTeTchKa o, 1, /I’ ep, Yropumna, 9026, ten. + 36 (96) 613 544,
ex. momTa fischersz@sze.hu, ORCID 0000-0001-7298-9960

AOCTIKEHHS BHYTPIINIHBOT'O ONIOPY 3CYBY I'EOPEHIITOK,
AKI BKUIAZEHI ITILJI BAJTIACTHUMU HTAP JJI1 HOT'O 3AXUCTY

Meta. BukopucTaHHs BIANOBIIHUX CHITyYMX MarepiaiiB i 0araromapoBuX CTPYKTYp Ha Makpo- Ta MIKpOpiBHi
KOHCTPYKIIIi 3aTi3HUYHOT KOJIT 31aTHE cTa0LIi3yBaTH reoMeTpiro 3ami3Huly. J{is peamnizarii miei MeTH MOBHHHI OyTH
BU3HAYCHI BIANOBIIHI XapaKTEpUCTHUKH MarepianiB, IO BHUKOPHUCTOBYIOTBbCS, Yy T.4. BHYTpILIHIH OHip 3CYyBY.
BHyTpinmHiil omip 3cyBy CHITy4MX MarepialliB i3 apMyBaHHSIM T'€OPEIIITKOI0 Ta 0e3 HhOI'0 — Ha PI3HMX MIMOWHAX
MOKM IO He BUBYeHO. MeToamka. ABTOpPOM po3poOiieHO creliaJbHUN J1abopaTopHUH METO]| BHMIpIOBaHHS Ta
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BU3HAUEHHS BHYTPIIIHBOIO OIOPY 3CYBY 3€PHHCTHX MarepiamiB, skuii Mae Ha3By «OaraTopiBHEBHH OOKC
TeCTyBaHHS Ha 3cyB». llefi MeTon € ajexkBaTHMM Il BHU3HAUEHHS BHYTPIIIHBOIO ONOPY 3CYBY (CHia 3CYBY)
B 3aJI©KHOCTI Bil IIMOMHU (BiJCTaHb BiJ| «HYJIbOBOI» moBepxHi). Iin yac BUmpoOyBaHb OyJO PO3IJISIHYTO JBa
pi3HuX cunyunx Matepianu: 6anact (31.5/63 mMm) i map 3axucHoro marepiany (0/56 MM), a TaKOX CIM Pi3HUX THITB
reopemritok (GG1...GG7). Pe3yabTtaTtH. B pe3ynpTari BUNPOOYBaHb, sKi NPOBOIIINCH 13 BHKOPHUCTAHHIM
OaraTopiBHEBOTO OOKCY TECTYBaHHS Ha 3CyB, BCTAHOBJICHI 3HAUCHHS BHYTPIIIHHOTO OMOPY 3CYBY Oanacty, sk 0e3
3aCTOCYBaHHSI apMyBaHHsI, TaK 1 3 BUKOPUCTaHHSIM YKpIIUICHHS Pi3HUMHU THUIIAMHU reoperiTok. Bonn npencrasieHi
y BuUrni QyHKOii Bix TIMOMHM y BEPTHUKAIBHOMY HANpPSIMKY JUIS YIIIJIBHEHOTO Ta HEYIIUIBHEHOTO CTaHy
peuoBunu. IIpn nocmimkenHi 3axucHoro mapy 0/56 MM Oyiu po3rJsiHYTI TiNBKM yIIinbHeHi 3pasku. CepexHi
3Ha4eHHs (DYyHKIIi perpecii y BUTISAI KyOi4HOTO TONIIHOMY, IO OYyJM BH3HAYEHIi, MPEICTABICHI B TpadigHOMY
purmsami. J{ns Beix BapianTie Oyaum oTpuMaHi 3HaueHHs KoedilieHTiB merepminauii dymkuii perpecii R*>0.97.
BukopucToByrourn moJiHOMIHANBHI (QYHKIIT perpecii, mO OTPHUMAaHO 3a CEpPeIHIMH 3HAYCHHSMH pe3yNbTaTiB
BUIIPOOYBaHb, BCTAHOBJIEHI TPU OCHOBHI MapaMeTpH BIJHOCHO BIJCTaHI BiJl reopeuniTkd, — «A», «B» 1 «D».
HayxoBa HoBu3Ha. bararopiBHeBuit G0KC TeCcTyBaHHs Ha 3CYB, 1110 OYB po3p0o0JieHNIT aBTOPOM, CepPTU(IKOBAHUH SIK
aJIeKBAaTHUI JUI BU3HAYEHHS BHYTPILIHBOTO OIOPY 3CYBY apMOBaHHUX i HEAPMOBAHUX CHILyYHX MaTepiajiB, y TOMY
gucii Oanacty Ta Woro 3axucHoro miapy. IlpakTmyHa 3HaAYHMICTh. Y cTaTTi chOopMySLOBaHI BUMOTH Ta HaJaHi
peKOMeH Al 010 BUOOPY THITIB TeOPEIIITOK JJIsl HOCKIICHHS ¥ 3aXKCTy 0anacTy 3 METO cradimizalii reoMeTpii
MOJIO)KEHHSI PEHOK, a TaKoX CTOCOBHO BHIAJKIB JIETiAPYBaHHS, JPEHYBAaHHs, CElapyBaHHS Ta HENOBHOTH
GanacTHOTO HIApY.

Kmiouosi cnosa: 0Ganact; apMyBaHHS T€OPCIIITKON; TIpaHyJbOBaHI 3axHCHI mIapu; OaraTopiBHEBHH OOKC
TECTyBaHHsI Ha 3CyB; BHYTPIIIHIH o11ip 3cyBY
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