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Abstract. Modern marine structures (berths, breakwaters, offshore platforms, etc.) often
include steel tubular piles of essential length (80-100 m and more) that should provide high bearing
capacity in case of external axial loads application. Interaction between elements of the system
“piled structure — soil media” is not studied sufficiently yet. It relates also to the bearing capacity of
the long steel tubular piles of large diameter. One of the interesting peculiarities of long tubular
piles behavior is the formation of soil plug at the piles tip. There are a lot of suggestion and methods
aimed to increase piles bearing capacity under static pressing load. One of them relates to use of the
additional structural element, i.e., the internal diaphragm welded to the internal surface of the pile
shaft. Such approach has been applied in some practical cases of marine construction and
demonstrated its effectiveness. At the moment there are no researches focused on study of the
peculiarities of internal diaphragm application. So proposed research aimed to study two connected
processes during steel tubular pile driving: soil plug formation at the tip of the open-end pile and
soil behavior under the internal diaphragm fixed inside the tubular pile shaft. To study mentioned
processes we provided several series of laboratory experiments fulfilled at the Geotechnical
laboratory of the Department “Sea, River Ports and Waterways” in Odessa National Maritime
University. In these experiments the model of steel tubular pile has been driven (pressed) into fine
sand by mechanical jack. The first series was devoted to determination of the conditions related to
the soil plug formation at the pile tip. The next series were aimed to study the influence of the flat
rigid diaphragm inside the pile shaft. Obtained experimental results allow to conclude that (a) in the
fine sand the plug is formatted at the comparatively early stage of pile installation (in case of our
modeling — at the penetration depth of some 4-5 pile diameter); (b) our empirical assessment of the
conditions of soil plug formation corresponds to the approaches based on PLR and IFR
characteristics; (c) formation of soil plug at the pile tip is followed by decreasing of soil level in the
pile shaft relatively its initial value (on completing the plug formation the soil level in the shaft
become stable); (d) regarding above mentioned, we may note that in case of use of internal
diaphragm on the recommended depth (5-7 pile diameters) there may be no contact between
diaphragm and the soil inside the pile (e) application of the diaphragm may lead to increasing of the
pile’s bearing capacity. It was proposed (and checked by our tests) the technological improvement
based on sand filling into space under the internal diaphragm to provide constant diaphragm-soil
contact and related soil resistance.

Keywords: steel tubular piles, soil plug, internal diaphragm, pile-bearing capacity, laboratory
model tests.

Introduction. Modern marine transportation and offshore structures such as deep-water port’s
berths, oil and gas platforms, raid and offshore fixed single point moorings, submerged stores and
others often include steel tubular piles of essential length (80-100 m and more) as main bearing
elements.
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Such tubular piles should provide high bearing capacity in case of external axial loads
application [1-4].

One of the interesting peculiarities of long tubular open-end piles behavior is the formation of
soil plug at the piles tip [5, 6]. From this point of view, we support known opinion that it is important
to study the influence of the soil plug not only on the pile tip bearing capacity but also on soil behavior
inside the tubular shaft [4].

In case of necessity, the bearing capacity of long tubular piles may be increased by different
methods:

e Dby driving a pile with a closed end to develop increased end-bearing resistance (but it
requires application of too powerful hammers);

e Dy installing the pile at larger depth in order to reach the bearing soil strata (but such
penetrations are often much greater than those required for fixity against lateral loading);

e by grouting beneath the pile toe (but the operations of cleaning-out the pile and grouting are
slow and relatively costly);

e by welding a steel plate diaphragm across the interior of the pile in order to increase bearing
capacity by use of soil reaction under the diaphragm (such method demonstrated good
results on some marine projects and got positive references [4].

In many cases large diameter tubular piles of shelf structures are installed without plugging effect
(so called “fully coring mode” [7] or with partial plugging. Therefore, the last approach (closure of the
pile shaft) looks rather attractive for deep-water port, marine and offshore engineering but needs
detailed consideration and study. So the aim of the work was to determine method’s peculiarity,
appropriate sphere of application, details of diaphragm construction and proper location along the pile
shaft.

Application of internal diaphragm in steel tubular piles. Recommended technology to install
the internal diaphragm was described by Tomlinson & Woodward 2008 [4] (Fig. 1).
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Fig. 1. Steel tubular pile with diaphragm
A hole is necessary in the diaphragm for release of water pressure in the soil plug and to allow

expulsion of silt. Stresses on the underside of the diaphragm are high during driving and radial
stiffeners are needed.
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According to Tomlinson & Woodward 2008 [4], the minimum depth above the pile toe for
locating the diaphragm is the penetration below seabed required for fixity against lateral loading. There
are formulas in some norms allowing determination of the fixity’s depth depending on soil properties
and pile bending rigidity; roughly, this depth may be determined in the interval of (5-7) d. However, a
further penetration is necessary to form the soil plug under the diaphragm by compacting the soil
within the plug and to develop the necessary base resistance. Thus, mentioned authors considered two
locations for two-soil plugs formation during the tubular pile driving: at the open end of the pile and
under the internal diaphragm.

As an example of diaphragm’s practical application, we may refer to the piling works at the
Hadera coal unloading terminal near Haifa [4]. Open-end piles 1424- and 1524-mm OD were proposed
but initial trial driving showed that very deep penetrations, as much as 70m below sea bed in
calcareous sands, would be needed to develop the required axial resistance. The blow count diagram
showed quite low resistance at 36m below seabed. Trials were then made of the diaphragm method. A
diaphragm with a 600 mm hole giving 83% closure of the cross-section was inserted 20m above the
toe. This increased the driving resistance at 39m below seabed and another trial with a 300 mm hole
(95% closure) gave a higher resistance at 37m. It was supposed that such improvement of piles bearing
capacity was stipulated by soil plug formation below the mentioned diaphragms.

Laboratory model testing. Regarding that obvious effect (increase of the pile bearing
capacity) has been achieved by use of the rigid diaphragm, our intention was to study peculiarities
of the considered approach providing model static tests in the laboratory conditions. Our aim was to
obtain parameters describing considered pile driving process — both qualitative (related to the
process in general) and quantitative (characteristic for the applied model pile-soil system) ones. So
applied research method in our study was laboratory modeling of “pile-soil” interaction under
axial force.

As to the method of pile’s installation, we suppose that traditional approaches (use of impact
hammer or vibro hammer) are not reliable enough to provide safety of the rigid diaphragm fixed by
welding inside the pile shaft and interacted with soil under the diaphragm. In order to avoid
dynamic actions upon the diaphragm during pile penetration we prefer to consider a safer but more
effective method of pressing load application [6].

To clarify above-mentioned items related to the tubular pile with internal diaphragm, we have
started a series of experimental studies in Geotechnical Laboratory of the Department “Sea, River
Ports and Waterways” at Odessa National Maritime University (Odessa, Ukraine).

For pile testing, we used soil box of dimensions: width 600 mm, length 750 mm, depth 1100
mm (Figs 2, 3).

For the model of tubular open-end pile, we apply steel pipe d=50 mm external diameter, wall
pipe thickness 1 mm, 1=800 mm length. To drive the pipe into fine sand mechanical jack has been
applied.

The first series of the experiment was aimed to determine conditions of the soil plug
formation at the tip of open-end pile model.

Measured parameters (at each stage of load application) were:

e applied vertical axial pressing force (named Load, F on the diagrams);

e pile penetration depth (named Displacement, t on the diagrams);

esoil level inside the pile model (the initial position was fixed when soil levels inside and
outside the pile were equal).

In order to describe the process of the model tubular pile plugging we applied:

e carlier proposed IFR (Incremental Filling Ratio) and PLR (Plug Length Ratio) characteristics
(for example, recommendations Gudavalli et al. 2013 [7], Brucy et al. 1991 [8], Paik & Salgado 2003
[9], Lehane & Gavin 2004 [10] and others).

e assumption that as an evidence of completing of the process of soil plug formation we may
consider equal pile vertical displacements and related settlements of the sand surface inside the shaft at
each stage of further axial load application.
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Fig. 2. Scheme of the experiment:
1 — pile model; 2 — sand box; 3 — bearing beam; 4 — force gauge (dynamometer); 5 — jack loading
system (telescopic) (all sizes in millimeters)

Fig. 3. Experimental system:
a — side view; b — front view; ¢ — loading system;
1 —soil box; 2 — model pile; 3 — mechanical jack; 4 — dynamometer; 5 — displacement gauge

According to the PLR and IFR diagrams (Fig. 4) at the initial stage of pile installation [till t=(1.5-
2)d] PLR=IFR=100%, i.e. pile is driven according to the “fully coring mode”. From the penetration
depth of some (4-5)d soil plug length is almost unchanged; average IFR value is stable too. Some IFR
fluctuations below the penetration depth=20 cm may be explained by technical reasons: resetting of
the jack each 20 cm of the penetration process and corresponding installation of extension tubes.

Similar conclusion may be done on the base of diagrams in Figures 5, 6. Soil level inside the
pile shaft become stable at the relative penetration depth (normalized pile displacement) approx.
t/d=5-6 (Fig. 5). Dependencies for t/d and S/d describing pile and soil displacements also become
parallel starting from the t/d=5-6 and until reaching the pile bearing capacity =5-6 (Fig. 6).
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Fig. 4. Typical dependencies for the tests of the first series:
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1 — fully coring mode; 2 — L=L(d); 3- IFR; 4—-PLR
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Fig. 5. Results of pile jacking (4 tests): S — distance between pile top and soil in the shaft
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Fig. 6. Results of open-ended model pile jacking (average points of 4 tests):
— - —t/d=t/d(F); —*— — S/d=S/d(F)
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Some important research results of the first series of the laboratory experiments may be
formulated in the following way:

e in fine sandy soil the plug is formed at the comparatively early stage of pile driving (in the

considered case — at the penetration depth of around 4-5 pile’s diameters)

eif to locate the internal diaphragm at the recommended depth required for fixity against

lateral loading as described above (approx. at the penetration depth of around 5-7 pile
diameters), we may meet the situation of no contact between the diaphragm and the soil
inside the shaft (clearance space); i.e., the diaphragm does not catch up with soil.

At the second series of the experiment internal diaphragm was fixed at several positions by
changing the distance from the tip of the model pile: O (closed end); 3d; 6d; 9d (total length of the
pile was equal to 16d). For model pile the diaphragm was produced as a circular steel plate (4 mm
thickness), with its diameter corresponded to the inner diameter of the pile.

It has been discovered that due to sand settlements inside the pile shaft during pile
installation, there is an empty space under the diaphragm and, correspondingly, no contact between
soil and diaphragm. In order to avoid clearance space under the diaphragm and to provide constant
contact of the sand with underside of the diaphragm, we applied the diaphragm with several small
holes allowing sand filling into the space under the diaphragm. For above mentioned options of the
diaphragm location the sand was filled after the pile driving on the depth 3d, 6d and 9d
correspondingly.

As diagrams presented on Figure 7 demonstrate it, application of the internal diaphragm
provides increasing open-end pile bearing capacity. The degree of such increase depends on the
diaphragm location. For the considered options of the diaphragm fixing point, the minimal
increment of the open-end pile bearing capacity relates to the 3d distance between diaphragm and
the pile tip and the maximal increment is measured at the 9d distance.
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Fig. 7. Dependencies between vertical axial load upon the model pile and its displacements
———-—open-end pile; —— —closed end;
—— — diaphragm at 3d distance from the pile tip; —®—- — diaphragm at 6d distance from

the pile tip; —— — diaphragm at 9d distance from the pile tip;
Fo — open-end pile bearing capacity without diaphragm;
Fc — closed-end pile bearing capacity
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Perhaps mentioned circumstances may be commented by the following way. The upper plug
under the diaphragm may be formed if there is the proper base reaction developed inside the shaft.
Such situation may occur if the upper plug (being in the process of formation) meets already formed
lower plug. The last transfers additional pressure to the soil under the toe and provokes additional
base reaction. Thus, additional external force acts on the plug and increases soil density in it. In
fact, after that stage, two plugs are combined and work as one large plug between the diaphragm
and pile toe.

It may be explained, particularly, by the fact that for the considered test conditions,
approximate driving depth t=(4-5)d at the initial stage of pile installation is needed to dense a soil
due to the development of the friction forces inside the pile shaft and to form a lower soil plug at
the pile tip. If then to apply similar consideration for the follow-on stage of driving process —
compaction of the soil under the diaphragm due to the similar friction forces, required penetration
depth for this stage to form the upper plug may be of similar value (4-5)d. So total distance between
pile toe and the diaphragm may be considered as sum of these two parts of the penetration depth,
I.e. approx (8-10)d. Such location of the diaphragm may be optimal to form two plugs consecutively
and to combine them in one large plug.

Regarding quantitate parameters of open-end pile bearing capacity (Fig. 7), we would like to
note that due to the diaphragm’s contribution, pile-bearing capacity may be increased (in our tests
up to 15-20%). Another effect consists in possibility to decrease pile driving depth (10-15%).
Obviously mentioned figures should be considered with regard to possible experimental errors
stipulated by differences in the reproducibility of the model ground preparation as well as to
measurement inaccuracy (perhaps up to 10% in total).

Regarding scale-effects for the considered problem, it should be noted the following. From
the point of view of so called “direct modelling” [11-12], dependencies between limit axial force in
the pile Njimp (as well as related displacements Ujimp) and similar parameters of the model may be
presented as:

I\Ilim,p =Cn
I\Ilim,m -
Nim m
NI ) =C/,

limm

where C — sizes (scales) correlation between prototype and the model;

n, m — parameters depending on soil properties and pile dimensions.

For the conditions of our laboratory model testing (skipping the details of intermediate
conversions and calculations) it was determined that related prototype is a tubular pile of diameter
1.0 m driven up to 10 m into similar sandy soil. Its bearing capacity (sum of the toe and shaft
bearing capacities) is 1723 kN. For comparison: calculated value of the prototype bearing capacity
according to the recommendation of the related Ukrainian code occurred to be 2020 kN (some 15%
difference).

In addition, for plugging effect assessment we have to consider scale-effects stipulated by
influence of internal pile diameter. This aspect is subject to a study for the further investigations.

Conclusion and findings. As obtained from the presented initial series of our experimental
studies, rigid diaphragm inside the tubular open-end pile may be a useful element for increasing of
the pile’s bearing capacity.

Consecutive formation of two soil plugs (lower one formed just at the pile tip and then upper
one formed under the diaphragm) leading to their partial or full integration is most effective when
the optimal location of the diaphragm inside the pile shaft is provided. From the point of view of
pile bearing capacity under axial compressive load and for the considered experimental conditions,
such proper distance between the pile tip and internal diaphragm occurred to be around 9d (d — pile
diameter).

As demonstrated by our tests, during pile jacking process there is a possibility of clearance
space between the diaphragm and soil inside the pile shaft (no contact situation). For real
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construction site conditions and inhomogeneous soil base it is complex task to check proper
diaphragm-soil contact and their interaction or to determine clearance space formation under the
diaphragm. That’s why it is proposed (and checked by our tests) the technological improvement
based on sand filling into space under the internal diaphragm to provide constant diaphragm-soil
contact and related soil resistance. Such approach guarantees force interaction between the internal
diaphragm and the soil inside the shaft via filled sand and may simplify calculation scheme of such
interaction (the last is a task of future development of the considered problem).

Improvement of the pile effectiveness determined by experimental modeling for the above-
mentioned pile-soil conditions provides 15-20% increasing of the bearing capacity or 10-15%
reduction of the driving depth.

Presented experimental studies should be continued and developed in order to study
installation peculiarities of piles with diaphragm by pressing technologies. Also, it looks
prospective to investigate influence of internal diaphragm’s design (different from the considered
flat plate option).
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Anoranis. Cy4yacHi MOPCbKi criopyau (IpUYaiiy, XBUISIOMH, MOPCHKI IUIAT(POPMHU Ta TOIIO)
94acTO BKIIOYAIOTH CTajeBi TpyOuacTi maii cyrreBoi mosxuuu (80-100 m Ta Oinbine), sKi MOBHHHI
3a0e3rneuyBaTd BHUCOKY HECydy 3JaTHICTh TMPU NPUKIAJICHHI 30BHIIIHIX OCHOBHX HAaBAaHTAKEHb.
B3aemoniss MK eJeMEHTaMM CHUCTEMH «IlajeBa KOHCTPYKIIS-ITPYHTOBE CEpEJOBUIIE» ILE
HE/IOCTaTHLO BHBUEHE. Lle cToCcyeTbcs TakOoXK HECY4oi 3AaTHOCTI JOBTHX CTAJIEBUX TPyOUaCTHX
najb BEJMKOTO JiaMerpy. OjHa 3 MiKaBUX OCOOJWBOCTEH MOBEMIHKH JIOBIUX TPYOYaCTHX Maylb —
BUHUKHEHHS TPYHTOBOI MpOOKM Ha KiHII maii. Panime Oymu 3ampormoHOBaHi pi3HI MeToau
HiABHUILEHHS HECy4oi 3JaTHOCTI Hajib IPU CTATUYHOMY BIABJIIOIOUOMY HaBaHTaKeHHi. OMH 3 HUX
CTOCYEThCS BUKOPUCTAHHS JIOJIATKOBOTO KOHCTPYKTHBHOTO €JIEMEHTY — BHYTPIIIHBOI Jiadparmu,
MPUBAPEHO] J0 BHYTPIIIHKOI MOBEpXHI cTOBOYpy mami. Takuif miIxia 3acTOCOBYBAaBCS B JAESIKUX
NPAaKTUYHUX BHIIAJKaX MOPCHKOTO OyIiBHHUIITBA Ta MPOJAEMOHCTPYBaB CBOIO edekTuBHiCTh. Ha
JaHUH MOMEHT HEMa€ JOCIIJDKEeHb, L0 HalpaBlieHI HAa BMBUEHHsSI OCOOJIMBOCTEH 3aCTOCYBAaHHS
BHYTpimHBOi miapparmu. Hame pmocnmimkeHHs Oyno HampaBieHE Ha BHBYEHHS JIBOX
B3a€MOIIOB’SI3aHUX MPOLIECIB NPU 3aHYPEHHI CTajeBOi TPyOuyacToi MNaii: YTBOPEHHS IPYHTOBOI
poOKM HA KiHIII BIIKPUTOI MaJli Ta MOBEAIHKA IPYHTY ITiJ] BHYTPIIIHBOIO TiadparmMoro, 3aKpirieHol
BcepenrHi cToBOypy TpyOuactoi mauni. /[ BUBYEHHsI BKa3aHUX IPOLIECIB MU MPOBEIH JEKUIbKA
cepiil 1abopaToOpHUX MOCIIKEHb, BUKOHAHMX B T'eOTeXHIYHIM Jabopatopii kadeapu «MopChKi,
piukoBi Ta BoAHI nUIIXKW» OAEcbKOro HAI[IOHATBHOTO MOPCHKOTO YHiBepcuTeTy. B mux
EKCIIEPUMEHTAX MOJIENIb CTAIICBOI TPYOUacTOl Malli 3aHyproBaIach (BIaBIIOBAIach) B IpiOHUN MTICOK
MeXaHIYHUM JoMKpaTtoM. [lepma cepis Oyna mpucBsiu€Ha BHM3HAYCHHIO YMOB, IIOB’A3aHHUX 3
YTBOPEHHSIM TPYHTOBOI MpoOku Ha KiHI mami. [loganpun cepii Oynu HampaBiieHI HA BUBYCHHS
BIUIMBY KOPCTKOI JliadyparMu BcepeuHi cToBOYypy nami. OTpuMaHi eKCepUMEHTallbHI pe3yabTaTu
JI03BOJISIIOTH 3pOOUTH BUCHOBOK, 110 (a) B JApiOHOMY IicKy IpoOka (opMyeTbcs Ha BIJTHOCHO
paHHIA cTazaii 3aHypeHHs nani (y BUMNAJIKy HAIIOrO MOJENIOBAHHSA — Ha TJIMOMHI 3aHYpEHHS
nopsiaky 4-5 miametpiB maii); (0) Hama emmipuyHa OIiHKa YyMOB ()OPMYBAHHS IPYHTOBOI MPOOKH
BIAMOBIIa€ migxomam, mo 0a3yroThes Ha xapakrepuctukax PLR ta IFR; (B) yrBopeHHs rpyHTOBOT
POOKM Ha KIHII Ml CYyIPOBOKYETHCS 3HUKEHHSIM PIBHS IPYHTY B CTOBOYpI Majii BiIHOCHO HOTo
MOYaTKOBOTO 3HA4eHHA (MO 3aKkiH4YeHHIO0 (OpMyBaHHS MPOOKH piBEHb IPYHTY B CTOBOYpi cTae
cTabinbHuUM); (r) y 3B’3Ky 3 BHIIECHABEICHUM, BIJIMITUMO, IIIO NMPH BUKOPHCTAHHI BHYTPIIIHBOT
niapparMu Ha pekoMeHaoBaHiM riauOuHi (5-7 aiameTpiB mayi) Moke HE OyTM KOHTAaKTy MIiXK
niagparMoro Ta IPyHTOM BCEpeAuHI maii; (1) 3aCTOCYBaHHS YKOPCTKOI MJIOCKOI AlapparMu MOe
NPUBECTH JI0 3POCTaHHSA Hecydoi 3[aTHOCTI Mai. 3anporoHOBaHO (1 MepeBipeHO HaIUMU
JOCITIJKEHHSIMH) TEXHOJOTIYHE BJIOCKOHAJIEHHS, 3aCHOBAHE Ha 3aCHIIl MICKOM MPOCTOpPY ITija
BHYTPIIIHBOIO Aiapparmoro ansi 3a0e3nedeHHs] MOCTIHHOIO KOHTAakTy miadparMu 3 IPYHTOM 1
BIJIOBIHOTO OMOPY IPYHTY.

KurouoBi cioBa: cranesi TpyOuacTi maini, IpyHTOBa MpoOKa, BHYTpilIHA Aiadparma, Hecyya
3IaTHICTH Maii, JaOOpaTOPHI MOJEIBHI JOCTiHKCHHS.
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HYDROTECHNICAL AND TRANSPORT CONSTRUCTION

MOJIEJBbHBIE UCCJEIOBAHHUSA B3AUMOJEVNCTBUS «CBASI-TPYHT» ITPA
MPUJIOXKEHUHA OCEBOM CHJIbI

1I[y6pOBc1mi/i ML.IL., a.1.H., mpodeccop,
m.doubrovsky@gmail.com, ORCID: 0000-0003-1229-1717
lI[yﬁpaBnHa B.A., actiupaHTkKa,

dubravina@hotmail.com, ORCID: 0000-0000-0000-0000
Y00eccruii HAYUOHATILHBIU MOPCKOU YHUBEPCUMEM

yi1. MeunukoBa, 34, r. Oznecca, 65029, Ykpauna

AHHOTanusi. COBpEMEHHbIE MOPCKUE COOPYXKEHHUS (TIpUYaJIbl, BOJIHOJIOMBI, MOpPCKHE
m1aTGOpMBI U T.JI.) YaCTO BKJIFOYAIOT CTAJIbHBIC TpyOUuaThie CBaM cymecTBeHHOU amuHbI (80-100 M u
Oonee), KOTOpBIE JOJDKHBI OOECHEYMBATH BBICOKYIO HECYIIYIO CIOCOOHOCTh MpPHU TMPHIOKEHHU
BHEIIIHUX OCEBBIX HArpy30K. B3anMonencreue Mexy 3J1EMEHTAMU CUCTEMBI «CBaliHasi KOHCTPYKLIUSA-
IPYHTOBAsl Cpeiay €I11€ HEOCTaTOYHO U3YUEHO. DTO KacaeTCsl TAKXKe HECYILEH ClIOCOOHOCTH JUIMHHBIX
CTaJIbHBIX TpyOuaThIX cBail Oosblioro nuaMerpa. OjHa M3 MHTEPECHBIX OCOOCHHOCTEH IOBEIEHMs
JUITMHHBIX TPyOYaThIX CBali — OOpa3oBaHME TPYHTOBOW MpOOKM Ha KOHIE cBau. Panee ObuUH
NPEATIOKEHbl PA3JIMYHbIE METOZbI IOBBILIEHUsS HECYIIeH CIOCOOHOCTH cBail NpH CTAaTMYECKOU
BlaBiuBatoniell Harpyske. OIUH W3 HUX 3aKIIOYaeTCsl B HCIHOJIb30BAaHUM JIONOJHUTEIBHOTO
KOHCTPYKTUBHOI'O 3JIEeMEHTa — BHYTpEeHHEH Tuadparmpl, MpUBapeHHON K BHYTPEHHEH MOBEPXHOCTU
CTBOJIAa CBaW. Takol NOAXOA NPUMEHSUICS B HEKOTOPbIX IPAKTUYECKUX CIydasX MOPCKOro
CTPOMTENBCTBA UM INPOJEMOHCTPHPOBAI CBOKO 3(PQeKkTuBHOCT,. Ha maHHBII MOMEHT Her
WCCJICIOBAaHNH, HANpPABJICHHBIX HAa M3y4eHHE OCOOCHHOCTEW NMPUMEHEHWs] BHYTpPEHHEW auadparmsl.
Hame wnccnenoBanve ObLJIO HampaBI€HO HAa M3YyY€HHME JBYX B3aMMOCBSA3aHHBIX IPOLIECCOB IIPH
MIOTPY’KEHUH CTaJIBbHOW TPyOUaToil cBam: 00pa3oBaHNE TPYHTOBOM MPOOKK HAa KOHIIE OTKPHITOW CBAaW H
IIOBEICHUE TPYHTA I0Jl BHYTPEHHEH auadparMoi, 3aKperuieHHOW BHYTpPHM CTBOJIa TpyO4aTol cBau.
JInis u3y4eHus: yKa3aHHbIX IPOLIECCOB Mbl MPOBEIM HECKOJIBKO CEpPHi J1adOpPaTOPHBIX UCCIIEI0BAHUH,
BBIIIOJTHEHHBIX B TI'€OTEXHUYECKOH Jsaboparopuu kadeapsl «Mopckue, peyHble M BOJHBIE ITyTH»
Opnecckoro HalMOHAJIBHOIO MOPCKOTO YHHMBEpcHTeTa. B 3THX 3KcliepuMEHTax MOJEIb CTalbHOU
TpyO4aToii CBaM Morpyxkajiach (BIaBIMBAIACh) B MEIIKHI MMECOK MEXaHHYECKHM JOMKparoM. [lepBas
cepusi ObljIa MOCBAIIEHA ONPEIESICHUIO YCIOBUM, CBA3aHHBIX ¢ 00pa30BaHWEM IPYHTOBOW MPOOKH Ha
KOHLle cBau. [lanmpHelue cepuu ObUIM HamNpaBieHbl HAa W3y4YE€HUE BIMSHUS JKECTKOW Juadparmsl
BHYTpH cTBOJIa cBad. [lomydeHHbIe SKCIIEpUMEHTANIbHBIE PE3YIIbTaThl TO3BOJISIIOT CAENATh BBIBOJI, UTO
(2) B MenKoM recke mpoOka (pOpMUpPYETCsl Ha OTHOCHTEIBHO PaHHEH CTaJuu TOTpy)XeHus cBau (B
cllyyae Halllero MOAEIMPOBAHUS — Ha NTyOHWHE NOrpyXeHUs nopsaaka 4-5 nuamerpoB cBan); (0) Haiia
SMIIUpUYECKasl OLIEHKa YCIOBHHA (OPMUPOBAHUS TPYHTOBOM TNPOOKM OTBEYaeT IOAXOAaM,
ocHOBaHHBIM Ha xapaktepucthkax PLR u IFR; (B) oOpa3zoBanue rpyHTOBOM MPOOKH Ha KOHIIE CBau
COIIPOBOKAAETCSI TIOHMKEHUEM YPOBHsSI TPYHTa B CTBOJIE CBal OTHOCHUTEIIBHO €r0 HadajibHOIO
3Ha4eHus (IO OKOHYaHMM (OPMHUPOBAHUS MPOOKH YpPOBEHb TIPyHTAa B CTBOJIE CTAHOBUTCS
CTaOWIbHBIM); (T) B CBSI3U C BBIIIEU3JIOKEHHBIM, OTMETHM, YTO NPHU HCHOJIB30BAHUM BHYTpPEHHEH
auadparMbl Ha peKOMEHIOBaHHOM riiyOuHe (5-7 TMaMeTpoB CBau) MOKET HE OBITh KOHTAKTa MEXIY
auadparMoif U TPYHTOM BHYTpU CBaM; () NPUMEHEHHE >KEeCTKOH IUIOCKOW auadparMbl MOXKET
NPUBOJIUTH K YBEJIMYCHHUIO Hecylied crocoOHocTH cBau. [lpemiokeHo (M MPOBEPEHO HAIIMMH
UCCJIEJOBAaHUSAMH) TEXHOJIOTHUECKOE YCOBEPIICHCTBOBAHUE, OCHOBAHHOE Ha 3acChIlIKE€ MECKOM
MIPOCTPAHCTBA TO/I BHYTPEHHEN nuadparMoit 1jisi 00eCcreYeHrst MOCTOSHHOTO KOHTAaKTa JuadparMel ¢
TPYHTOM ¥ COOTBETCTBYIOILLIETO CONPOTUBIIEHUS IPYHTA.

KuroueBble cji0Ba: cTanbHble TpyOUaThie CBau, TPYHTOBAs TpoOKa, BHYTPEHHss Aradparma,
HECyIas COCOOHOCTh CBaH, JJabOpaTOpHbIE MOJIENIbHBIE UCCIIEIOBAHMUS.

Cratta Haaidinuia o penakuii 13.05.2021
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