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of its screwed joints for longevity prediction in curvilinear
cased well bore.

Methodology. The deformation of oilwell tubings and the
normal stresses of the bend, which arise, were determined us-
ing integration of differential equation of elastic line with
boundary conditions, which depend on well bore survey. A
model of longitudinal-transverse bend of beam in plane was
chosen as a calculation scheme. In particular, radial and axial
components of weight were taken into consideration; force of
tension caused by oilwell tubings that are placed below the
drill interval under consideration; additional force of tension
caused by the column of pumped fluid. Laboratory research
of fatigue straight of oilwell tubings screwed joints was con-
ducted too. The experiment was carried out under the regular
loading of bend with symmetrical cycle of stresses.

Findings. Basic causes, types and allocation of failures
of oilwell tubings elements were distinguished as a result of
processing of statistical information about oilwell tubings
operation. The method of analysis of oilwell tubings in-
tense-deformed state was developed. This method allows

UDK 624.1.035.4.04
L.F. Aslanov, Cand. Sci. (Tech.), Associate Prof.

assessing bending stress values and time behavior depend-
ing on external loading and geometrical parameters of curvi-
linear borehole. Two-parameter stress-cycle diagram for
oilwell tubings with external diameter 89 mm was drawn.

Originality. The research showed that the oilwell tub-
ings column in curvilinear borehole is affected by statical
and dynamical bending moments in addition to the variable
axial force. These moments appear due to the additional ten-
sion force caused by weight of fluid column, which influ-
ences working barrel valve during downward motion of rod
hanger. We found out that bending moments could cause fa-
tigue breakdown of oilwell tubings.

Practical value. The developed method can be used for
calculation of normal stresses and prediction of oilwell tub-
ings fatigue strength during operation in curvilinear borehole.

Keywords: oilwell tubing, intense-deformed state, fa-
tigue strength, curvilinear borehole
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Purpose. To apply the large cross-section bored piles (diameter from 620 to 1500 mm and over) with “hard core” for the
construction of offshore structures so that they interact with shelf soils and perceive dynamic loads.

Methodology. In the laboratory study, the properties of shelf soils were investigated, and bored piles with a diameter of up
to 30 to 600 mm were implemented into them. The behavior of piles in shelf soils with impulsive dynamic loads on the vibra-
tors was theoretically generalized.

Findings. The interaction of large cross-section bored piles with “hard core” under dynamic loads with shelf soils was ex-
amined. In this case, the dynamic loads were taken from the process equipment and machinery, as well as from sea waves to
offshore structures, with large section bored piles with “hard core” that convey dynamic loads to shelf soils. The calculation
procedure on dynamic loads action through the piles on the soil and the graphs as for the compression phase and re-
lease/rarefaction phase are given. The effective time of the compression wave, the change of pressure in the compression
phase, reflection, and depression in soil massif were determined.

Originality. For the first time, large cross-section bored piles with “hard core” were proposed for the construction of off-
shore structures which enable significant armature cost savings compared to conventional bored piles of the same cross-
section. The estimation methods as for interaction of the large cross-section bored piles with “hard core™ at static and dynamic
loads and the shelf soil foundation were developed.

Practical value. The employment of the developed methods helps evaluate the properties of shelf soils, select the rational
structure of pile foundations and their joint work, or the interaction of large cross-section bored piles with “hard core” and
shelf soil, that will ensure the sustainability and durability of offshore structures.

Keywords: wave processes, bored piles with “hard core”, compression wave, rarefaction wave, elastic waves, elasto-
plastic waves, shelf soils, pressure
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tion to offshore structures, and moreover, the influence of
wave shocks on these constructions and the interaction be-
tween a pile and shelf soils are studied insufficiently.

Introduction. The technologies and constructions of
pile foundations were described in [1-8], but their applica-
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Statement of the research purpose. In many cases, the
dynamical loads caused by the action of uncontrollable
wave processes result in a breakdown for any offshore
structures, and they considerably exceed operational stati-
cal loads. Therefore, one can make demands to offshore
structures as for their resistance to damage/collapse caused
by dynamic loads. In this case, it is possible to assume the
development of plastic deformations, to take into account
the increase of materials strength characteristics at high-
speed deformations, and as a result, the construction by
calculation is supposed to provide protection against inten-
sive dynamic impacts.

Therefore, it is necessary to take into account the prin-
ciple of impact waves and different dynamical loads inter-
action from production equipment to the construction of
pile foundations in shelf soils.

Research results. As it is known, due to wave phe-
nomenon, the shock waves that form compression waves in
the constructions of a great cross-section pile with a “hard
core” are propagated in the environment. Within the shock
wave front, there occurs a step change in pressure, density,
velocity of particles’ motion in the medium that are trans-
mitted to shelf soil. For the compression waves, the gradual
buildup of these parameters is typical. Under the pressure
of the compression waves, we understand excessive pres-
sure arising in the medium in passage of a wave, i.e. the
pressure that differs from normal atmospheric pressure and
everyday pressure of specific weight of the soil at propaga-
tion of a wave in soil. The wave parameters depend on the
energy source of a disturbing force, the period of a wave
process, its form, amplitude and frequency.

The waves act on the constructions of offshore struc-
tures, on pile foundations as short-time dynamical loads.
The shock waves consist of compressive phase that has
more atmospheric and hydrostatic and rarefaction phase

(fig. 1).

Fig. 1. Bored pile with a “hard core” (a) and change of
compression and rarefaction pressure (b). 1 — a “hard
core”; 2 — the body of the bored pile; 3 — the medium
size and medium density sand, 4 — the firm clay; Ap;, —
the excessive pressure of wave; Ap — maximum rarefac-
tion pressure; p, — the initial pressure; t,, ©, — the peri-
od of phase compression and rarefaction

The degree of fault in offshore structures caused by the
action of wave shock depends on the pressure in compres-
sion phase since it usually exceeds the pressure in rarefac-
tion phase. To determine the values of loads arising at the
action of wave shock on pile foundations, it is necessary to
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take into account the conditions of its interaction with pile
foundations (reflection, flow, streak and so on).

The basic parameters of the wave shock propagated in
soils essentially depend on the distance to the center of the
wave shock source. If the wave shock source is strong and
the distance on the pile foundation surface is small, then
there happens structure fracture, particles displacement and
soil crushing with formation of cavity or funnel and the
shock waves propagate in the form of compression waves.
The parameters of these compression waves in the soil are
determined by the parameters of water shock wave generat-
ing them and by the characteristics of the soil.

At plane wave front in the soil, the characteristics of the
soil determining the type of the propagating wave and its
intensity is the compression diagram: dependence of stress
6 on strain g, where the dynamical load differs from the sta-
tistical one (fig. 2).

If the pressure at the wave front corresponds to the ini-
tial area of the dynamic diagram o~¢ on which d’c/de’<0,
then due to growth of pressures, the instant modulus of de-
formation E, = do/de and consequently, the wave propaga-

tion velocity ;) — f@ , (Where p is the density of the shelf
%

soil) decrease. In consequence of this, the pressure rise time
in wave increases and it results in formation of compres-
sion wave in the soil. At great pressures caused by the wave
shock and corresponding to the diagram area, on which
d’6/de*>0, with growth of pressure the velocity a increases
and shock waves propagate in the soil. Stress decrease in
the soil in passage of wave (unloading) happens in accord-
ance with area 3 as shown in the diagram (fig. 2).
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Fig. 2. Diagram of shelf soils deformations o~¢: 1— dy-
namic, 2 — statical;, 3 — at unloading; ;4 034 Ora —
the stress at dynamical loadings, o;, o3, or, — the
stress at statical loads; &4 &4 a4 and &, &, &y —
are deformations; oy, o, — at unloadings

To calculate the wave shock parameters in the soil, the
ordinary diagram o~¢ suggested by Prandtle as a diagram
of material strengthening (fig. 3).

We determine the velocity of elastic wave propagation

a = Eva and elasticoplastic wave propagation a, = Eoa
\ » \ »

by experiments, in the case of no experimental data of the
values ¢ and ¢; for different shelf soils, in calculations we
can use the values given in table.
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Table
Values of Elastic and Elasticoplastic
Velocities of Wave Propagation

Velocity of Wave
Soils Propagation, m./s
. elastico-
elastic ay .
plastic a,
Loose sand 200 100
Undisturbed structure sand 200 250
Disturbed structure sandy loam, loam 250 150
Undisturbed structure sandy loam, loam 700 350
Loose clay 300 150
Dense clay 1500 500

We calculate the parameters ¢, and AP; of the compres-
sion wave in the shelf soil arising under the action of the
shock wave on the soil surface, i.e. z=0 (fig. 4), by the for-
mulas:

a) effective time of shock wave

b) wave pressure rise at infinite dynamical modulus of de-
formation £; =, according to fig. 2, will be

05z | .
Api = ApF)(I - j ’
aty

¢) if E;,~E,, then
2
Api:ApFr 1_0’52 ]_a_lz 4
' aty a;

where E;; — the modulus of deformation of the shelf soil at
dynamical load within any interval of time; E,, — the
modulus of soil deformation at initial (instant time, i.e =0).

Ors
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Fig. 3. Calculation diagram of shelf soil deformations at dy-
namical loading: E,4 E,4 E,s — are deformation
modulus of the soil at dynamical loadings; o;, — the
dynamical limit of stresses in elastic stage; o, — the
same beyond the elasticity; &4 &4 — are dynamical
limits of deformations in elastic stage and beyond the
elasticity; & — are deformations at unloading

When calculating offshore structures for the action of
shock wave at time ¢, one can use excess pressure on the
shockwave front by the formula

Ap(t)= Apy, {1 _fj,
t

v
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Fig 4. Compression wave in shelf soil at the depth z, m

The effective time of shock wave ¢, depends on the pe-
riod of compression phase 7. and on the rarefaction phase
7. Then the effective time of shock wave is as follows

- 27,
g k oy +1

If we assume the period of the compression phase as
7.=30c, and change of wave pressure at dynamical loading
Apg,, at time 7., and we get Apy,= 0,4MPa, then the number
of wave repetition £,,, is

ki = 2027 (1)

pov
qy

where g, = 2MPa-s/’ is the pressure acting on / m’ area as-
sumed at normal sea waves in time (without storm phe-
nomena).

Maximum rarefaction pressure Ap.,. and period of rare-
faction phase ris

Ap.v=0,15MPa; ©=10s .

The pressure change in compression phase in time Ap(?)
is accepted by the linear law in the form

K pov
a(t) = ApF,r[] _TIJ , 0==z..

According to the formula (1)

0430

k 6 -

Maximum reflection pressure Ap,,. acting at initial time
on the surface of the large cross-section pile with a “hard
core” is determined by the formula:

Apatrzj’ApF,r,

When colliding with the surface of the pile, the com-
pression wave is reflected, and this increases the pressure
on the pile compared with the pressure of transmitted wave.

As shown in fig. 4, compression wave acts on the sur-
face of the pile and is transferred through the piles to shelf
soils to the depth z in accordance with the following formula

Ap(t,2)=Ap(1) n,,
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where 4p(t ,z) — pressure in compression wave on soil basis
at the depth z (fig. 4); n, — the coefficient dependent on the
depth of the shelf soil basis that piles cut from the soil sur-
face under water; to z=/i, of depth n,=0,7; z=2i, n,=0,45;
z=31i, n,=0,2; and so on.

Reflections of compression wave of shelf soil is ex-
pressed by the reflection coefficient «,,=ay/a;~2. The re-
flection coefficient of soil «,, depends on the kind of soil
and is about ¢,,=25 for sand; «,,=2,0 for sand loam;
a,,=1,8 for loam; «,,=1,6 for clays.

Thus, shock of wave force is transferred through the
piles to shelf soil and is of a damped character.

Conclusions. For reasons given, we draw the conclu-
sions:

1. Shock wave in constructions of pile foundations
forms compression waves that the piles transfer to shelf
soil, and this fact provokes the changes in density, velocity
of soil particles motion, and deformation of soil. Compres-
sion wave on the pile surface may be of reflective, squeez-
ing, flowing, absorbing and other interaction types and
transferred to soil. Compression wave arises in soil when
wave shock increases and is reflected during loading. The
soil basis state may be determined by the graph o~¢. Here-
with it is necessary to determine the modulus of dynamic
deformations of the instant elastic £, and modulus of de-
formation of elastico-plastic state £;,.

2. Using the values of elastic and elastic-plastic veloci-
ties of wave propagation in shelf soils, one can determine
the values of pressure increase, effective time of wave com-
pression, change of pressure in compression phase in time,
maximum reflection pressure, and rarefaction pressure
within the thickness of a soil layer.
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Meta. 3acTocoByBaTH 151 OYiBHUIITBA MOPCHKUX CIIO-
pya OypoHaOMBHI Tajli BEIMKOTO Tiepepi3y (ITiaMeTpoM Bij
620 110 1500 MM 1 OlIbIIIE) 3 ,,KOPCTKUM CEPJICYHUKOM , abn
BOHHM B3a€EMOJIISUTH 3 1ICNIb()OBUMH IPYHTaMHU Ta CIIpUiiMaiIn
JIMHAMIYHI HABAaHTAKEHHS.

Metoanka. Y 1a0OpaTOpHUX YMOBaxX JIOCIIIKCHI
BJIACTHBOCTI MIeNb()OBUX TPYHTIB i BIPOBAPKEHI B HUX
OypoHaOuBHI mami giamerpoM 30 MM #H JOBXKHHOIO 1O
600 MM, TEOPETUYHO y3araJbHEHA MMOBEJiHKa Iali B IIe-
TH(POBUX IPYHTAX MPH IMITYJIECHBHO-TWHAMIYHUX HaBaH-
Ta)KeHHSX Bif] BiOpaTopiB.

PesyabraTn. Po3risHyTti B3aemonii OypoHaOWBHHX
naJb BEJIMKOTO Mepepi3y 3 ,,KOPCTKAM CEepACYHUKOM  3a
JMHAMIYHUX HaBaHTaXEHb 3 MLICIb()OBUMHU TIPYHTAMHU.
[Tpn npoMy AMHAMIYHI HaBAaHTAXKEHHs OyJIW NPUIHHATI
BiJl TEXHOJIOTIYHOI'O YCTATKyBaHHs, MAIlIMH 1 MEXaHI3MiB,
a TakoX BiJI MOPCBKHX XBHWIIb JI0 MOPCBKHMX CHODPYI, 3
OypoHaOWBHUMHE TAIIIMH BEJHKOTO TIepepizy 3 ,, KOpPCT-
KHM CEpJICYHHKOM®, IO TepeaaroTh AWHAMIYHI HaBaH-
TaXeHHS menb(poBuM rpyHTaM. CKIIafieHi po3paxyHKOBI
CXeMH 1ii IWHAMIYHUX HaBaHTa)XCHb dYepe3 TMali Ha
TPYHT, MoOynoBaHi rpadiku o~¢ y (asi CTHCKYBaHHS Ta
¢a3i posrucHeHHs. Bu3HaueHi e(heKTUBHUIA Yac XBHIII
CTHCKYBaHHsI, 3MiHa THCKIB y (ha3i CTHCKyBaHHsI, BiJyi3e-
pKaNeHHS ¥ pO3piKeHHS y TPYHTOBOMY MacCHBI.

HaykoBa HoBM3Ha. Yrepiue 3anporoHoBaHi 0ypo-
HaOWBHBIC ATl BEIMKOTO TMEpepi3y 3 , KOPCTKHM Cep-
JICYHUKOM"* BUKOPHUCTOBYBATH JJIs1 Oy IIBHUIITBA MOPCh-
KHX CIIOPYJ, IO JIO3BOJSIOTH OTPHMAaTH 3HAYHY €KO-
HOMIIO apMaTypH B MOPiBHSHHI 31 3BUYaifHUMU OypoHa-
OMBHBIMHM TIAJIIMU Takoro X repepizy. Pozpobieni me-
TOJIM BU3HAYEHHS B3a€MOJ1ii OypOHAOMBHUX T1ajb BEJIH-
KOTO TIepepisy 3 ,,KOPCTKHM CepJeUYHUKOM™ 3a CTaTH4-
HUX 1 IMHAMIYHUX HaBaHTaXXCHb 3 MIEIb()OBOIO IPYHTO-
BOIO OCHOBOIO.

IpakTH4Ha 3HAYMMICTb. 3aCTOCYBaHHS PO3POOICHUX
METO/IiB JTO3BOJISIE OIIHUTH BJIACTUBOCTI MIETb(OBHUX TPYH-
TiB, BHOpATH paliOHaJIbHY KOHCTPYKIIIO CBaWHMUX (pyHIa-
MEHTIB 1 X cIibHy poboTy abo B3aeMoito OypoHaOUBHIX
Majh BEIMKOTO TIepepi3y 3 , KOPCTKAM CEepIeYHHKOM 3
meNb(hOBUM TPYHTOM, IO 3a0€3MeYUTh CTIHKICTB 1 JIOBro-
BIYHICTh MOPCBHKHX CIIOPY/I.

KurouoBi ciioBa: xsunesi npoyecu, 6yponabueHi naui 3
,, HCOPCIKUM CEPOSUHUKOM **, X8UNI CIMUCKY8AHHSL, X6UTT PO-
3PAOKU, NPYICHI XGUTL, YNPYeONIACUYHI X6UJl, wenb@osi
IPYHMU, MUCK
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Heub. [IpuMeHATH U1 CTPOUTENBCTBA MOPCKHUX COOPY-
KEHUH OypoHaOMBHBIC CBaM OOJBIIIOTO CEUYEHMs (IMamer-
poM ot 620 10 1500 mm u OoJiee) C , KECTKHUM CepICUHH-
KOM™, 4TOObI OHHU B3aMMOJICHCTBOBAIM C IICITb(OBBIMU
TPYHTaAMH M BOCTIPUHUMAJIH TUHAMUYCCKHEC HATPY3KU.

Metoanka. B 1abopaTopHBIX YCIOBHSIX HCCIIEIOBa-
HBI CBOWCTBA IIEIb(OBBIX TPYHTOB M BHEIPCHBI B HUX
6yp0Ha6nBHb1e cBau JuamMeTpoM 30 MM JUIMHOM [0
600 MM, TEOpETHYECKH OOOOIICHO ITOBEJCHWE CBal B
menb(QOBBIX TPYHTAX MPH UMITYJIbCHBHO-THHAMHYECKUX
Harpy3Kax OT BHOPaTOpOB.

PesyabsTaTsl. PaccMoTpensr B3amMonmeicTBHS Oypo-
HAOWBHBIX CBaif OOJBIIOTO CEYEHHS C ,,)KECTKUM Cepic-
HUKOM'* TIPH AMHAMHYECKHAX Harpy3kax C MIeTb(OBBIMH
rpyHTamu. IIpu 3TOM JMHaMU4YECKHe HArpy3ku ObUIM
MPUHATBI OT TEXHOJOTHMYCCKOI'O OGOpy[[OBaHI/Iﬂ, MallluH
U MEXaHHM3MOB, a TaK)K€ OT MOPCKHMX BOJIH K MOPCKHM
COOpYKEHUsSIM, ¢ OypOHaOMBHBIMHU CBassMH OOJIBILIOTO Ce-
YeHHsI C , KeCTKUM CEpACYHUKOM®, KOTOpPbhIE TepeaaroT
JIMHAMHYeCKUe Harpy3ku menb(oBbiM rpyHtam. Cocras-
JICHBI PACYCTHBIC CXEMBI JICHCTBUS IWHAMHYCCKUX HArpy-
30K Yepe3 CBau Ha TPYHT, OCTPOCHBI rpaduKku 6~€ B (asze
oxkarus U (ase pazkarus. OnpezneneHsl 3 GeKTHBHOE Bpe-
Ms BOJIHBI C)KaTWsl, M3MCHEHHE JABICHUH B (ha3e cxKaTws,
OTpa)KSHHUS U Pa3PEKEHHS B TPYHTOBOM MacCHBE.
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Hayunasi HoBu3Ha. BriepBbie npeioskeHsl OypoHa-
OuBHBIE CBaM OOJIBIIOTO CEUCHHUS C , KECTKUM CepACUHH-
KOM® MCIOJIb30BaTh JJII CTPOUTEIHCTBA MOPCKUX COOpPY-
)KCHI/II\/’I, KOTOPBIC TMO3BOJAIOT IOJYYUTHh 3HAYUTCIIBHYIO
HKOHOMHIO apMaTyphl TI0 CPABHEHUIO C OOBIYHBIMHU OYpO-
HaOMBHBIMU CBasMH TaKOTO € CedeHWs. Pa3paboTaHb
METOJIBl OTPEICTICHUS B3aMMOJICHCTBHA OypOHAOWBHBIX
CBaif OOJIBIIOTO CEYCHUS C ,,)KECTKUM CEPACYHUKOM ™ TIPH
CTATUYECKUX M IMHAMHYECKUX Harpyskax C meiab(OBbIM
TPYHTOBBIM OCHOBaHHUEM.

IIpakTHyeckasi 3HAYUMOCTb. [IpuMeHeHHe paspa-
0OTaHHBIX METOZOB TIIO3BOJIIET OIIEHUTH CBOICTBa
menb(OBEIX TPYHTOB, BBIOpPAaTh pALMOHAIBHYIO KOH-
CTPYKLIMIO CBAalWHBIX (DYyHIAMEHTOB M HMX COBMECTHYIO
pabory wim B3amMmojeiicTBHe OypoHaOMBHBIX CBaid
OOJIBIIIOTO CEYCHHS C ,,KECTKUM CEPJCYHHKOM ™ C TIEITb-
(hOBBIM TPYHTOM, 9TO OOECTIEYUT YCTOWIMBOCTH M JOJI-
TOBEYHOCTH MOPCKUX COOPYKEHHH.

KiroueBble cioBa: eonnosvie npoyeccwl, OypoHadus-
Hble CBAU C ,,HCECMKUM CEPOEUHUKOM ", BOIHbL CICAMUS,
BOJIHbI PA3PSAJICEHUS, YRpY2Ue GONIHbL, YNPYSONIACUYHbIE
B0JIHYL, WETbPOBbIE ZPYHIMbL, 0a6lleHUe
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Purpose. Development of methods of geoinformation modeling of anthropogenic systems for raising the efficiency

of mining operations.

Methodology. Building of anthropogenic models of mining enterprises and selection of efficient solution options

using simulation modeling and GIS-technologies.

Findings. It was found that developed anthropogenic models enable to describe processes of mining operations to

the fullest extent possible.

Originality. The research used the methods of simulation modeling and GIS-technologies in the building of anthro-
pogenic models of mining systems enabling to ensure adequate model representation of the main facilities and process-

es of a mining enterprise.

Practical value. The main types of anthropogenic models have been developed as well as methods for running of simula-
tion studies. As tested at a number of coalmines of Kuznetsk Basin they proved the possibility of their practical application.
Keywords: anthropogenic models, mining systems, geoinformation modeling

Geoinformation systems (GIS) are used in many fields
of human activity. At the same time, a number of such fields
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and lines of the use of GIS are steadily on the rise. These
systems are of particular importance in mining. GIS are
used at all stages of mining systems:
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