ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACBHI

YJITTBIK FbIJIbIM AKAJAEMUACBIHBIH
K. W. CornaeB ateiaaarsl Kazak YITTHIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPLI

N3BECTUA NEWS

HAILIMOHAJIbHON AKAJIEMHU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HalfmOHATBHEIN UCCIIeIOBATEIbCKUI Kazakh national research technical university

texHnyeckuil ynusepcuteT uM. K. M. CarnaeBa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

6 (438)

NOVEMBER - DECEMBER 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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DEVELOPMENT OF AN INSTALLATION FOR SHEAR GROUND
TESTING IN THE RAILWAY TRACK CONSTRUCTION

Abstract. The article presents an apparatus for testing ground shear to determine reliable baseline data taking
into account the influence of vibrodynamic and pulsating loads on the strength and deformation parameters of clay
grounds of various types with the possibility of modeling train load and train traffic.

Key words: ground, embankment, railway, roadbed, shear.

Introduction. The grounds, from which the railway roadbed is built, are distinguished by a great
variety of physical and mechanical properties. The works of a number of well-known domestic and
foreign specialists are devoted to the improvement of the construction of the railroad roadbed [1-8].
However, methods for determining the physical-mechanical properties of ground, taking into account
vibrodynamic and pulsating loads, modeling, calculation and arrangement of two-layered and multilayer
railway scraps from dissimilar grounds have not been sufficiently studied until nowadays.In this
connection, in the present paper have performed:

- investigation of the vibrodynamic loading influence on the strength and deformation parameters of
clay grounds of various types;

- identification of correlation dependencies between the strength and deformability parameters for the
conditions of static, vibrodynamic and pulsating loads;

- possibility justification of the practical results use of the work in calculating the stress-strain state of
the railways roadbed embankments, for carrying out experimental studies the author used a modified
version of the single-plane cutter VSV-25 of the Hydroproject design, the scheme is shown in figure 1,
and the general view is shown in figure 2 [9, 10].

The result of the conducted studies was the improvement of the installation for shear ground testing
in order to determine reliable initial data, taking into account the influence of vibrodynamic and pulsating
loads on the strength and deformation parameters of clay grounds of various types with the ability to
simulate the train load and the intensity of train traffic;

A great contribution to the study of the stress-strain state under the train load, using detailed virtual
prototypes of railroad embankments, as well as the development and improvement of instruments for
ground testing, were made by professors [5-8].

Improvement of the installation for ground testing on shear in order to determine reliable
initial data, taking into account the influence of vibrodynamic and pulsating loads on the strength
and deformation parameters of clay grounds of various types. Unlike previously known, the device
provides a more even distribution of stresses acting in the cut plane due to the symmetrical action of
normal N and shearing forces T. An increase in the thickness of the device cages walls made it possible to
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Figure 1 — Schematic diagram of the shifting device:
1 - holders of the shifting device; 2 - ground sample; 3 - loading frame; 4 - eccentric; 5 - the electric motor with a reducer;
6 - strain gauge of vertical load; 7 - strain gauge for moving the lower cage; 8 - strain gauge of horizontal force

Figure 2 —
General view of the shifting device

Figure 3 — General view of the rotational vibrator




N E W S of the Academy of Sciences of the Republic of Kazakhstan

achieve a value of the relative shear strain of the sample of 27%. To create vibrodynamic loading on the
ground sample, an eccentric rotational vibrator with a DC motor drive PJK-25/3 was specially designed.
The general view of the rotational vibrator is shown in figure 3. The change in the location of the
eccentrics on the drive shaft makes it possible to vary the amplitude of the pulsating load. The operation of
the instrument is organized in the kinematic mode (controlled deformation mode) with the possibility of
monitoring at any instant of time both tangential stresses and shear strains. The shear rate can vary from
0.5 to 0.01 mm / min. The change in the shear rate is regulated by a change in the current strength of the
BCA-5K power supply. The progressive motion of the lower movable holder of the device is created by
the reduction gearbox MPK-131-5 through the spindle. The general drive of the shearing system is carried
out by the D-10ARU direct current motor. The general view of the working table of the device is shown in
figure 4. For vibrodynamiceffects, the oscillation frequency is regulated by the laboratory automatic
transformer "LATR". The value of the oscillation frequency is determined by the tachometer. The
tachometer drive is carried out through the cable of the speedometer of the GAZ-53 car, connected to the
driven shaft of the rotary vibrator. The device design allows creating a vibration frequency in the range
from 0 to 30 Hz.

The device serves the control and measuring equipment (CME), which serves to monitor and measure
the following values: the vertical load NXAN in the case of both static and vibrodynamic effects;
horizontal shearing force T; moving the clips of the device [10-13].

Metrological support of experimental research is determined by the following requirements for the
installation and accuracy of measurement of the main recorded values [9, 10]:

- to achieve the maximum homogeneity of the ground stress state sample in the instrument and the
voltage determination accuracy in the conditions of static, vibrodynamic and pulsating loads (figures 1, 2);

- shift the movable holder of the device with a given constant speed of movement;

- to ensure the accuracy of measuring the horizontal displacement U and the force T with
continuously monitoring the measuring devices;

- in the case of vibrodynamic loading, ensure the accuracy of measuring the normal pressure P and its
amplitude variation AP; provide the possibility of their simultaneous registration on the oscilloscope tape
at any time.

The uniformity of the stress-strain state of the samples is the main determining factor in the suitability
of devices for use in scientific research. Since the uniformity of the stressed state is practically difficult to
determine, it is usually judged indirectly by the degree of homogeneity of the deformed state of the
material being studied.

In the device used, the normal sealing stresses on the structural cut plane are transmitted using a lever
system of vertical force of the single-plane cutoff device GGP-30 of the design of N.N. Maslov - Yu.Yu.
Lurie [5, 6, 13].

In this design, the vertical load created by the sliding sector lever (figure 2) is transferred to the
sample through the frame and the upper hole die (figure 4). The frame has a rocker connected to the rods.
In the center of the upper rocker arm there is a screw that adjusts the position of the die. Two other screws
on this rocker are fixed with a stamp and a set of setscrews.

In the center of the lower rocker there is also a screw, which adjusts the position of the frame in the
vertical direction. The screw is connected to the small arm of the creep lever via a cable through the end
connecting plug. Its position is regulated by the handwheel. At the ends of the lever axis, sliders are
placed, which are located between the slats of vertical racks attached to the bottom of the work table
panel. The lower panel supports the lever, and the top panel serves as a fulcrum for it. To reduce friction
between the upper bar and the sliders, there are flat ball bearings. The ratio of the arms of the lever of
vertical force is 1:10. the lever is counterbalanced by the counterweight, and the goods are stacked on the
pallet (figure 2), suspended from the draft.

The above-described design of the vertical loading system ensures the uniformity of the normal
pressures transfer to the ground sample and thereby causes the uniformity of the deformed ground state in
the cut plane.

The movement speed of the lower movable holder of the device is determined by the operation of the
electric motor with a reducer (figure 4) and a screw jack that converts the rotation into a linear slide
motion with the spindle. The device uses a reversible direct-current electric motor of the D-10ARU type

— g ——
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Figure 4 — General view of the device working table

with a gearbox of the MPK-13I-5 type, the supply voltage is from 0 to 30 V. The speed is regulated by
changing the voltage and current strength of the BCA-5K power supply. The usual instability of the DC
motor does not affect the speed of the clip due to the large gear ratio (more than 216000) of the reducing
gearbox MPK-131-5.

The movement of the lower movable holder of the cut-off device was determined by the indicator of
the hour type ICh-25, with a scale division of the main scale of 0.01 mm and an allowable measurement
error of 0.022 mm. In addition, through each millimeter, the movement was registered on the tape of the
light-beam oscillograph HO71.6M.

The change in the horizontal force T was fixed according to the indicators of the clock type ICh-10
dynamometers of compression. The reading on the dynamometer indicators was also taken in every
movement millimeter of the movable device holder.

The measuring accuracy of the horizontal force T is determined by the dynamometers accuracy
DOSM-3-1,0 No. 791, DOSM-3-1,0 Ne595 and DOSM-3-0,1 No. 404, which operate on the force
determining principle from the deformation value of a special elastic shaped elastic element. The scale
division for the dynamometer DOSM-3-1 Ne791 is 0.157% of the largest measurement limit, for
dynamometers DOSM-3-1 Ne595 and DOSM-3-0,1 Ne404 - 0,150 and 0,066% respectively. The
difference in the mean values for the dynamometer readings from the measured value at triple loading to
the maximum limit value and unloading was no more than 0.5%. Graphs of dynamometers calibration are
shown in figure 5.

To measure the value of the pulsating normal pressure P £ AP, we used the M-70 mesdose of
D.S. Baranova design, developed in CSRIBC, mounted in the lower part of the movable holder of the
device. The principle of the mesdose work is based on a change in the resistance of a working strain gage
connected to a compensating half-bridge circuit. When the strain gauge bends, the resistance of the strain-
gauge half-bridge changes. The electrical signal of the strain gage is amplified by the "Topaz-3-01" strain-
gage amplifier and fed to the light-beam oscillograph HO71.6M, which converts the electrical signal into a
light beam leaving a trace on the oscilloscope tape. The general view of the Topaz-3-01 strain gage and
the HO71.6M oscilloscope is shown in figure 6.

The measurements accuracy estimation was carried out in accordance with the requirements for the
form of measurement estimates presentation of the error stated in the scientific literature [7, 8] and
normative materials [14].

The absolute measurement error 6 was determined by the ratio 5=x/Ax. The total measurement error
dswas determined from the number #» measurements (or experiments) performed, n = 3+5 [8].
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Figure 5 — Calibration curves of working dynamometers:
a - dynamometer Ne404; b - dynamometer Ne545; ¢ - dynamometer Ne791
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Figure 6 — Topaz-3-01 strain gage (1) and oscillograph HO71.6M (2)

The calculations performed in this way showed that the accuracy of measuring the main fixed values
varies between 4-6.5%. This result does not exceed the accuracy of measurements for such studies - 7% [7].

The measurement of the pressure PXAP produced in a ground sample with the application of a
vibrodynamic load N+AN is carried out by mesdose and the corresponding equipment according to the
following scheme: mesdose - amplifier - converter "Topaz-3-01" - oscilloscope HO71.6M. The recording
was made every moving millimeter of the movable device holder for the subsequent decoding of the
oscillogram and the refinement of the P+AP value during the cameral work. The instrumentation
calibration is carried out under static loading conditions. The calibration results of the oscilloscope light
beam deviation are shown in figure 7. The accuracy of the calibration performed is determined by the

260 -
240 : } } t : 4|L $ $ ] 1
220 —

200 el

180
160

y
/;/ ——0—o—9o— o o
o F ey

100
80
60
40
20

0

Tangential stress, kPa

Absolute deformation, mm

—&— statics |, 6 =100 kPa —=— dynamics6 =100 kPa  —#%— statics, 6 =200 kPa
—e—dynamics 6=200kPa —+— statics, 6=2300 kPa —— dynamics 6= 300 kPa

Figure 7 — Graph of the relationship between absolute strain and shear stress (ground number 1)
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accuracy of the used model dynamometer DOSM-3-1, accuracy class -I. Deviations of the conventional
zero of the light beam of the oscillograph HO71.6M with triple loading and triple unloading were not
recorded.

In the working room where all experimental studies were carried out, a practically constant tempe-
rature of 20+0,1°C and a humidity of 75% was maintained, so the temperature correction was not taken
into account when processing the data of the control equipment, since it is negligible.

Results of shear tests. Shift characteristics of clay grounds. Figure 7 presents the shear resistance
results of the plastic sandy loam of the broken addition (ground No. 1) for static and vibrodynamic loading
conditions. The results are presented in the form of relationship graphs between the tangential stress and
the absolute deformation of the sample (moving the movable carriage of the shear device).

On the basis of figure 7, shear diagrams are constructed for static and vibrodynamic tests for peak and
residual strength of the ground. To construct a shear diagram corresponding to the peak strength, the
limiting values of shear stress at normal pressures of 100, 200 and 300 kPa were used.

When creating a diagram characterizing the residual strength, the tangential stresses corresponding to
the absolute deformation of the sample equal to 15 mm at the same normal pressures were adopted. The
shift diagrams are shown in figure 8.

260
250

240 y =0,905x - 31,667
/. y = 0,915x - 44,333

230
=0,785x - 13,333

210 /" y = 0,765x - 18,667
200
190 Yoy o4
180 yoy o4
170
160 / /
150
140 /
130
120
110 //
100 7
90
80
70 // /
60 //
50

Tangential stress, kPa

L 4
40
30
20
10
0 ; T T :
0 100 200 300 400

Normal stress, kPa

« Statics (peak strength) W dynamics (peak strength)

A statics (residual strength) > dynamics (residual strength)

Figure 8 — Shear diagram (ground number 1)
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Parameter ¢ (angle of internal friction) for peak strength in static tests is 43°12’, for vibrodynamic
38°8"; for the residual strength @c=42°30", @ain=37°24". There was no significant difference between the
values of parameter ¢ for peak and residual strength. In the case of static displacement, the difference is
1.62%, vibrodynamic - 1.91%.

The dynamic effect leads to a change in the value of the strength parameter ¢ by 11.74% for peak
strength and by 12% for the residual value.

It should be noted that the sealing load greatly influences the shear resistance under vibration
conditions. At a normal pressure of 100 kPa, the static shear resistance is practically equal to the vibro-
dynamic resistance. At a pressure of 200 kPa, vibrodynamic action caused an increase in shear resistance
at a strain greater than 7 mm.

The maximum value of the tangential stress for the static conditions is realized with a deformation of
7 mm, for the conditions of vibrodynamics - with a deformation of 10 mm. At a pressure of 300 kPa, the
ultimate shear resistance for static and vibrodynamic effects is achieved with an absolute deformation of
the sample of 5 mm, but vibration causes a change in shear resistance, both for peak and residual strength.

Figure 9 shows graphs of resistance to sandy loam shear taken from the body of the mound on PC
40485 in Burundai from a depth of 1.5 m (ground number 2). Moving the carriage of the shear device
from 0 to 15 mm corresponds to absolute deformation of the specimen at the initial shear, from 15 to 30 mm
- with a second shear. The diagrams of ground displacement No.2 are shown in figure. 10. The following
strength parameters for ground No. 2 are established in the shear diagrams: parameter ¢ for peak strength
in static tests was - ¢ 2 =43°42', for residual ¢ " =42°36'.
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Figure 9 — Graph of the relationship between absolute strain and shearing stress (ground number 2)
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In vibrodynamical tests, the angle of internal friction in determining the peak strength was

@ hek =29°42', the specific adhesion Cret = 35.7 kPa. Parameters of residual strength in vibrodynamics

were respectively - ¢’ =32°3¢', C " = 11.3 kPa.

din din

In the case of static the parameter ¢ for residual strength decreased by 2.5% with respect to the peak
strength, the coupling C, as well as for the ground No. 1, on the basis of the straight lines equation has
negative values, both for the peak strength diagram and for the residual diagram strength, which has no
physical meaning.

Under vibrodynamic conditions, the parameter increases for residual strength by 8.9% relative to the
peak strength and the parameter C decreases by 68.3% (the adhesion decreased by 3.2 times).

Vibrodynamic action reduced the value of the internal friction angle ¢ by 32% (by 14°) for peak
strength and by 23.5% for the residual (by 10°).
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At a pressure of 100 kPa, vibrodynamic action caused a decrease in the shear resistance with respect
to the static resistance, as in case initial shift, and in case of repeated. At a normal pressure of 200 kPa, in
case of initial shear, the vibration slightly increased the shear resistance, and for the re-reduction it
decreased. At a normal pressure of 300 kPa, the shear resistance under vibrodynamic action is practically
invariant for the initial and repeated shifts, but is substantially less than the static resistance.

The results of tests of ground No. 3 are shown in figure 11. To more accurately determine the residual
strength of the ground, all experiments were carried out with a second shift.
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Figure 11 — Graph of the relationship between absolute strain and shear stress (ground number 3)

The shear diagrams for ground No. 3 are shown in figure 12. The following strength parameters were
obtained during the test: the internal friction angle for peak strength in static tests is ¢ 7 =41°11", for
residual @ =373', C n* =8,7kPa; at vibrodynamic tests for peak strength, the following parameters were

set: @ 2 =32013", C »* =23.7 kPa; for the residual - ¢ " =34°25', C"* =1.3 kPa.

din
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In static tests, parameter ¢ for residual strength decreased by 10% with respect to peak strength, and
parameter C, on the contrary, increased to 8.7 kPa.

When subjected to vibration, parameter ¢ for peak strength was 6.4% less than parameter ¢ for
residual strength, but the adhesion C for residual strength decreased by 94.5% with respect to peak
strength. With a second shift in vibrodynamic conditions, the adhesion decreased from 23.7 to 1.3 kPa.

The impact of the dynamic load reduced the value of the parameter ¢ by 21.8% for peak strength and
by 7.1% for residual strength. Parameter C in determining the peak strength under vibrodynamic
conditions increased to 23.7 kPa, and in determining the residual strength, it decreased by 85% (more than
6 times).

At a normal pressure of 100 kPa, vibration did not significantly affect the shear resistance for peak
strength, but reduced the resistance for residual strength, both at the initial and after the second shear. At a
pressure of 200 kPa, vibrodynamic action caused an increase in the peak strength of the soil, without
affecting the residual strength. At a normal pressure of 300 kPa, the vibration caused a significant decrease
in the shear resistance with respect to the static, both for the peak and for the residual strength at the initial
and with the subsequent shear.

Amplitude changes in the normal stress Ac when processing the results of tests of ground number 3
under conditions of vibrodynamic loading were not taken into account. The shift diagrams are constructed
from the mean values of the normal stresses.

Conclusion.

1. The design features of the shear device and test procedure allowed establishing the certainty of the
stress-strain state of ground sample:

- normal stress is recorded at the bottom of the sample, that is, the "actual” normal stress in the shear
plane is measured;

- allowance for the variability of the contact surface area and the frictional force between the metal
and the ground allows us to conclude that the "actual" tangential stress is measured in the shear plane;

- ability to achieve a relative strain of more than 27% of the samples and the possibility of a re-shift
allow us to determine not only the "peak" but also the "residual" strength of clay soils.

2. The instrument, the test procedure and control and measuring equipment (CME), servicing device,
can be used in studies to determine the vibrodynamic effect on the strength parameters of the ground.

3. For the conditions of plane deformation, both with static and vibrodynamic influences, in the limit
state, resistance shear characteristics of the non-saturated cohesive grounds, subject to the law of dry
Coulomb friction, are established. The parameter @« to the equation of limiting equilibrium is constant and
determined by the real composition of the ground.

4. In the sense of Sh. Coulomb's representations, the angle of internal friction and connectivity of
non-saturated normal-packed clay grounds for the conditions of static and vibrodynamic loading is
invariant. It has been confirmed that the change in the shear resistance of clay grounds under vibro-
dynamic influences depends on the change in the stress state.

5. The shear resistance of the clayey grounds considered in the work under static and vibrodynamic
influences depends on the type and nature of the contact interactions between the ground particles and the
possibility of changes in the shear process. At the same time, humidity is one of the main factors affecting
the nature of water-colloidal bonds in the ground and the shear resistance under static and vibrodynamic
effects.

6. Shear resistance of non-saturated primaries is characterized by peak and residual strength both
under static and vibrodynamic influences. The peak and residual strength of grounds depends on the
history of their stressed state in the process of formation in the natural environment.
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