
p. 49–58ISSN 0208-7774 T R I B O L O G I A  2/2017 

wacław GAwĘDZKI*, Jerzy TARNOwSKI* 

A  STuDy  OF  THE  INFluENCE  OF  FRICTION  FORCES   
ON  THE  TRANSMISSION  OF  SOIL  vIBRATION  ON  GAS  PIPELINES

BADANIA  wPŁywu  SIŁ  TARCIA  NA  PRZENOSZENIE  DRGAŃ  GRuNTu  
NA  RuRĘ  GAZOCIĄGu
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 Abstract:  The article presents the influence of friction force values during the contact of a gas pipeline with sand pack on 
the transmission of soil vibrations on a tested pipe section. Field experiments were carried out on standard gas 
pipeline insulations subjected to dynamic interactions. The load sources comprised artificially generated soil 
vibrations with an impulsive character. Within the course of experiments, soil and pipe vibration acceleration 
signals were registered for different values of friction forces in its contact with the soil. The value of friction 
forces being a variable parameter during experiments were applied by the change of values of the tension static 
force of the gas pipeline section. The analysis of the registered soil and pipe vibration acceleration signals 
were conducted based on the time-domain signal decomposition method, Hilbert-Huang Transform (HHT). 
This method enables one to decompose the non-stationary vibration acceleration signal into narrowband 
components. For each component, a course of instantaneous values for frequency and amplitude was specified. 
The dependence of the pipe vibration acceleration amplitude on the pipe tensile force and friction force of the 
pipe in the contact with the soil was demonstrated.
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 Streszczenie:  W artykule przedstawiono wpływ wartości sił tarcia w kontakcie rury gazociągu z obsypką piaskową na prze-
noszenie drgań gruntu na badany odcinek rury. Przeprowadzono eksperymenty poligonowe, w trakcie któ-
rych standardowo posadowiona w gruncie rura gazociągu poddawana była oddziaływaniom dynamicznym. 
Źródłem obciążeń były wywoływane sztucznie drgania gruntu o charakterze impulsowym. W trakcie ekspe-
rymentów zarejestrowano sygnały przyspieszeń drgań gruntu oraz rury dla różnych wartości sił tarcia w jej 
kontakcie z gruntem. Będąca parametrem zmiennym podczas eksperymentów wartość siły tarcia zadawana 
była poprzez zmianę wartości siły statycznego naciągu odcinka rury gazociągu. Analizę zarejestrowanych 
sygnałów przyspieszeń drgań gruntu oraz rury przeprowadzono w oparciu o czasową metodę dekompozycji 
sygnałów Hilbert Huang Transform (HHT). Metoda ta umożliwia rozkład niestacjonarnego sygnału przyspie-
szenia drgań na składowe wąskopasmowe. Dla każdej składowej określono przebieg chwilowych wartości 
częstotliwości oraz amplitudy. Wykazano zależność amplitudy przyspieszeń drgań rury od sił naciągu oraz 
siły tarcia rury w kontakcie z gruntem. 

INTRODuCTION 

The studies of the impact of soil vibrations in connection 
with static loads affecting pipelines (e.g., gas pipelines, 
water pipelines, heat pipelines, oil pipelines made of 
steel or plastic) are necessary to assess the security 
risk level of pipelines built on the areas with unstable 
surfaces (e.g., mining areas, heavy traffic areas, etc.) 
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[L. 1–8]. The issue of security is particularly relevant in 
the case of gas pipelines. The basic load sources for gas 
pipelines in stable surface conditions are as follows: the 
weight of soil, working pressure, and the temperature of 
the transported medium. The influence of these factors 
is taken into consideration at the stage of gas pipeline 
design, ensuring its safe operation for the assumed 
internal load parameters. In the unstable surface 
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conditions, additional external gas pipeline load sources 
emerge: quasi-statistic loads caused by soil deformation, 
and dynamic loads, caused by soil vibrations. Therefore, 
it is important to understand cooperation mechanisms 
related to gas pipelines, including soil conditions, 
allowing for unambiguous identification of all the types 
of the loads carried [L. 9]. For the purpose of engineering 
practice categorisation is applied in reference to quasi-
statistic deformations of the mining area on a scale from 
I to V. Various scales are adopted for the classification of 
dynamic interactions as follows [L. 10, 11]: 
– Verified mining vibration intensity scale 

GSIGZWKW-2012, used for forecasting and 
assessment of the impact of vibrations induced 
by exploitation of hard coal deposits on building 
structures and people;

– Modified mining vibration intensity scale GSI-
2004/11, used for forecasting and assessment of 
the impact of vibrations induced by exploitation of 
copper deposits; 

– Dynamic impact scale SWD used for approximate 
assessment of the impact of the horizontal vibration 
components of the soil on engineering structures.
Dynamic interactions coming from seismic or 

paraseismic vibrations may influence the changes in the 
pipeline loads. 

The aim of the studies presented in the article was 
to specify the impact of friction force values during the 
contact of a gas pipeline with sand pack placed in the soil in 
a standard manner for the transmission of soil vibrations 
on the tested pipe section. Field experiments were 
conducted, during the course of which the gas pipeline 
situated in the soil in a standard manner was subjected 
to dynamic interactions. During the experiments, the 
dynamic load sources comprised artificially generated 
soil vibrations with an impulsive character, which may 
be interpreted as paraseismic waves that originated from 
mining activities. The value of friction forces being 
a variable parameter during experiments was applied 
by the change of values of the static tension force of 
the pipe transmission section. The pipe statistic loads 
was caused by an actuator, enabling the application of 
different values of pipe tensile force operating along 
its axis. During experiments, the stabilisation of the 

conditions for applying dynamic extortions in reference 
to the course of the generated paraseismic signals was 
adopted. Moreover, the parameters and mechanical 
properties of the soil remained stable. In such stabilised 
conditions, the tests were carried out, registering pipe 
and soil vibration acceleration signals for different pipe 
tensile force values. 

The registered pipe and soil vibration acceleration 
signals were analysed based on the time-domain signal 
decomposition method, Hilbert-Huang Transform 
(HHT). This method enables one to decompose the 
non-stationary vibration acceleration signal into 
narrowband components. For each component, a course 
of instantaneous values for frequency and amplitude 
was specified. These values were specified for different 
pipe tensile force values and friction forces of the pipe 
in contact with the sand pack. A relationship between the 
pipe vibration acceleration amplitude and the values of 
pipe tensile force and pipe friction forces in contact with 
the sand pack was demonstrated.

FIELD  TEST  CONDITIONS  FOR  PIPELINE 
TESTING

Figure 1 presents a diagram of the field conditions for 
pipeline tests in dynamic imput conditions. The test 
conditions were designed and constructed in a manner 
enabling the testing of pipe friction processes during 
the contact with the sand pack. A fragment of actual, 
non-active gas pipeline was selected with the length 
of a straight section of 28 m. The steel pipe of a gas 
pipeline had a diameter of 50 mm, a wall thickness of 
3.8 mm and is situated in the soil at the depth of 0.8 m.

Three measuring points P1, P2, and Pg were 
determined in the field conditions. At the measuring 
points P1 and P2 located on the pipeline, 3-axis 
accelerometers were installed, allowing measurement 
of the pipe vibration acceleration components a1 and 
a2, in accordance with the adopted coordinate system. 
At the measuring point Pg, a 3-axis accelerometer was 
placed in the soil to measure soil vibration acceleration 
components ag. An IP point for the application of impulse 
extortions of paraseismic vibrations is also marked in 

Fig. 1.  Diagram of the field conditions for pipeline testing – top view
Rys. 1.  Schemat stanowiska poligonowego do badań rurociągu – widok z góry
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the figure. By means of a tension screw, different values 
of FT pipe tensile force were applied, thus also changing 
the friction force values of the pipe in contact with the 
sand pack. The average friction force value Ff at the 
section of 18.3 m between points P1 and P2 is equal to 
[L. 8]:

F F Ff T T= −2 1                              (1)

where
Ff –  average friction force value between the gas  
 pipeline and soil at the section between points  
 P1 and P2,
FT1, FT2 – values of forces operating along gas pipeline  
 axis, in places marked with points P1 and P2.

The pipe tensile force values FT1 and FT2 at points 
P1 and P2 were designated indirectly by measurement of 
longitudinal pipeline strains εy [L. 12, 13]. Based on (1), 
the average friction force value was calculated using the 
following formula [L. 8]:

F S Ef y y= ⋅ ⋅ −( )ε ε2 1                        (2)

where
εy1, εy2 –  the measured strains caused by force application  
 along pipe axis, in places marked with points  
 P1 and P2,
S –  pipe cross-section surface,
E –  the Young’s elasticity modulus of the material,  
 from which the pipe is made.

The P1 and P2 measuring points were located in 
places of various pipe activations. The P1 point is situated 
between the pipe fragments located in the soil, where the 
changes of friction force value of the pipe in contact with 
the sand pack will influence the pipe activity status. In 
turn, the P2 measuring point is located in the initial part 
of the pipe, at a very short distance from the beginning 
of the pipe anchored to the soil by means of a tensions 
screw. Therefore, the impact of the friction forces of the 
pipe in contact with the sand pack on the pipe activity 
status observed at this point will be limited. Dynamic 
impulses were inducted with impact of a falling weight 
with the mass of 1200 kg from the height of ca. 2.7 m at 
the point marked with an IP symbol.

The measurement system and data acquisition 
system were implemented with the use of two 
8-channel measurement cards type Spider8 [L. 14] 
cooperating with the computer via USB interface. Time 
synchronisation for the registration of the both cards and 
all measurement channels was provided. Each channel 
is equipped with its own A/D converter and anti-aliasing 
filter. Channels enable the measurement of voltage 
or cooperate with strain gauge bridges. The following 
values were measured in the system:

– Vibration accelerations at three points P1, P2 and 
Pg by means of 3-axis integrated accelerometers 
ADXL05-EM3, with measurement limiting error 
of 0.5%;

– Longitudinal strains at points P1 and P2 by means 
of strain gauge sensors, with measurement limiting 
error of 0.5% specified by scaling accuracy.
The measurement signals were registered by means 

of measurement cards Spider8 with a limiting error  
of 0.1%.

THEORETICAL  BASES  OF  TESTING 
METHOD

The analysis of the friction forces’ influence on the pipe 
in contact with the sand pack on the transmission of soil 
vibrations on the gas pipeline pipe was conducted based 
on Hilbert-Huang Transform (HHT) algorithm for signal 
decomposition in the time domain. The Hilbert-Huang 
Transform is composed of two stages. The first stage is 
developed by Huang [L. 15, 16] called EMD (Empirical	
Mode	 Decomposition), which consists in adaptive 
decomposition of a non-stationary vibration acceleration 
signal a(t) in the time domain into narrowband intrinsic 
mode functions (IMFs). The second stage consists in the 
application of Hilbert Transform in reference to each 
IMF function, to specify the course of the amplitude and 
frequency in the time function.

The operating principle of the EMD algorithm 
consists in iteration separation from the original signal 
a(t) of the subsequent IMF component functions: a1(t), 
a2(t),..., aN(t) and residual signal rN(t), so that eventually 
the equation below is fulfilled:

a t a t r tii

N
N( ) ( ) ( )= +

=∑ 1
                (3)

The EMD algorithm is described in detail, e.g., in 
[L. 8, 15–17]. 

In the second stage of HHT, each IMF component 
ai(t) is described by slow-changing time functions: 
amplitude Ai(t) and pulsation ωi(t):

     (4)

where pulsation ωi(t) = 2πfi(t).

If â(t) is Hilbert transform of the a(t) signal, then 
by using the analytic signal properties, instantaneous 
amplitude of each i – th of IMF function may be 
designated based on the dependency [L. 8, 15–17]:

A t a t â t
i i i( ) ( ) ( )= ± +2 2                       (5)

and frequency fi(t):

a t A t t dt for i Ni i i
t

( ) ( ) cos( ( ) ) [ ]= ∈ ÷∫ ω0 1
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                  (6)

As a result of the decomposition of each acceleration 
signal a(t), we obtain N-component (4) in decreasing 
frequency order; however, only part of them have the 
essential value of energy. Following the analysis of the 
registered signals, it turned out that the dominant values 
of energy have two component parts ai(t) (4). Since the 
signals registered at the three points (P1, P2 and Pg) and 
three axes (x, y and z) were analysed, the system for 
indexing the specific components of amplitude (5) and 
frequency (6) presented in Figs. 2 and 3 was adopted.

For example, A1x2(t) means that it is an instantaneous 
amplitude of the second acceleration component 
registered at the P1 point, in the x-axis. Similarly, these 
indexes regard the instantaneous frequency value of the 
same acceleration component f1x2(t).

As such, for the example considered above, the 
maximum value of the instantaneous amplitude of the 
second acceleration component registered at the P1 point 
in the x axis is designated as follows:


A A tx t x1 2 1 2= max ( )

                     
(9)

Similar definitions apply for the other y- and z-axes, 
other measuring points P2 and Pg, as well as for the first 
acceleration signal component.

In the case of instantaneous frequency of the 
considered example, its average value is as follows:

                    (10)

The results of pipe vibration accelerations depend 
not only on the vibration transmission conditions of the 
pipe in contact with the sand pack, but also on the value 
of the acceleration of the soil vibrations. Therefore, 
the normalisation of pipe vibration accelerations in 
relation to soil vibration acceleration was introduced. 
Therefore, the maximum value of resultant soil vibration 
acceleration at the Pg point for the first signal component 
is as follows:

                (11)

and for the second signal component:

                (12)

Thus, pipe vibration accelerations at the P1 point for 
the specific axes after normalisation adopt the following 
forms:
–  For the 1st signal component:
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–  For the 2nd signal component:
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Then, the normalised pipe vibration accelerations 
at the P2 point for the specific are the following:
–  For the 1st signal component:
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The maximum value of amplitude of each 
component is designated from the following dependency:


A A t

t
_ _ _ max _ _ _( )=                    (7)

In the case of instantaneous frequency (6) of the 
narrowband signal component, its average value should 
be designated as follows:

             (8)

where τ – is the time duration of impulse vibration 
acceleration signal.

Fig. 2.  Meaning of amplitude A symbol indexes
Rys. 2.  Znaczenie indeksów symbolu amplitudy A

Fig. 3.  Meaning of frequency f symbol indexes
Rys. 3.  Znaczenie indeksów symbolu częstotliwości f
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–  For the 2nd signal component:
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Similarly to (11) and (12), the maximum values of 
resultant pipe vibration acceleration at the P1 point for 
the first and second signal component are the following:

 
             

 
 

  and    
 

           (17)

Then normalised values of the resultant pipe 
vibration acceleration at the P1 point for the both signal 
components may be designated as follows:

                       (18)

Similarly, the normalised values of the resultant 
pipe vibration acceleration in point P2 for the both signal 
components are the following:

                           (19)

THE  FIElD  EXPERIMENT  PROCEDuRE

Field experiments were conducted on the field test 
conditions described in Section 2 for pipeline testing in 
dynamic extortion conditions. Experiments were carried 
out for four different values of force FT of the static 
tension of the test pipeline:
  – FT2 = 0 kN, FT2 = 20.3 kN, FT2 = 94.8 kN oraz  

FT2 = 121.5 kN.
The applied tension force values correspond to 

the force values that are present on the mining areas 
classified within the scope of the area of deformation 
from the I to IV mining category. For each static tension 
status of a pipeline, impulse extortions were applied that 
were caused by the impact of the falling weight with 
a mass of 1200 kg from the height of ca. 2.7 m at the 
point marked with an IP symbol (Fig. 1). The following 
signals were registered:
  – Soil vibration accelerations at the Pg point in three 

axes x, y, and z;
  – Gas pipeline pipe vibration accelerations at the P1 

and P2 points in three axes x, y, and z;	and,
  – Longitudinal pipe strains εy1, and εy2 at the P1 and 

P2 points to designate the average friction force 
value Ff on the section between P1 and P2 points, in 
accordance with (2).

All the registrations were performed with sampling 
frequency 1200 samples per second. 4000 samples were 
registered for each signal, thus the single registration 
period was 3.33 s.

Each experiment was carried out for different values 
of FT2 load force according to the following scheme:
  – The setting of the tension force value of FT2 pipe,
  – Measurement activation and signal registration,
  – Impulse extortion caused by the impact of the 

falling weight,
  – Termination of signal registration, and
  – The change of value of the tension force of FT2 pipe 

and the repetition of the experiment cycle.

TEST  RESulT  ANAlySIS

As a result of the conducted experiments, time 
courses for gas pipeline pipe and soil vibration 
acceleration signals were registered, and the values  
of static tension force of FT2 pipe were designated.  
Figures 4–6 present the exemplary courses of 
acceleration signal in the x-axis at the P1, P2, and Pg 
measuring points accordingly (designations pursuant 
to Fig. 1). These signals were registered during the 
experiment for the zero-value tension force of the 
pipeline FT2 = 0 kN.
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Fig. 4.  Acceleration signal in the x-axis at the P1 point
Rys. 4.  Sygnał przyspieszenia drgań w osi x w punkcie P1

Fig. 5.  Acceleration signal in the x-axis at the P2 point
Rys. 5.  Sygnał przyspieszenia drgań w osi x w punkcie P2

Fig. 6.  The soil acceleration signal in the x-axis at the Pg 
point

Rys. 6.  Sygnał przyspieszenia drgań gruntu w osi x w punkcie Pg
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All of the registered vibration acceleration signals 
were decomposed with the use of the HHT algorithm 
in accordance with the dependencies (3)–(6). Thus, for 
each a(t), signal time courses of the instantaneous values 
were designated as follows:
  – ai(t) signal components (4), 
  – Ai(t) signal component amplitude (5),
  – fi(t) signal component frequency (6).

Figure 7 presents the exemplary time courses of two 
dominant components of IMF of vibration acceleration 
signal presented in Figure 4, registered in the x-axis at 
the measuring point P1 for FT2 = 0 kN.

The following Figures 8 and 9 present the time 
courses of the instantaneous frequency values of 
the dominant components of the IMF of the f1x1(t) 
signal components and amplitude of the A1x1(t) signal 
components.

Fig. 7.  Components of the soil vibration acceleration 
signal in the x-axis at the P1 point

Rys. 7.  Składowe sygnału przyspieszenia drgań gruntu w osi 
x w punkcie P1

Fig. 8.  Frequencies of the acceleration signal components 
in the x-axis at the P1 point

Rys. 8.  Częstotliwości składowych sygnału przyspieszenia 
drgań gruntu w osi x w punkcie P1

Fig. 9.  Amplitudes of the acceleration signal components 
in the x-axis at the P1 point

Rys. 9.  Amplitudy składowych sygnału przyspieszenia drgań 
gruntu w osi x w punkcie P1

Table 1 summarises all the tension force values 
of the FT2 pipeline and the following values for all the 
measuring points P1, P2, and Pg based on the following:
  – The average frequency values of each ̅f_	 _	 _ 

component that were designated based on (8),
  – The maximum amplitude values of each Ă_ _ _ 

component that were designated based on (7),
  – The friction force values of the Ff pipe in contact 

with the sand pack that were designated based  
on (1).
Based on the data summarised in Table 1, it may be 

stated that the average frequency of the first dominant 
component of each of the registered acceleration 
signals adopts the values in the range of thirty hertz. 
Whereas, the average frequency of the second dominant 
component of each of the registered acceleration signals 
adopts the values in the range of several dozen hertz. 
Such average frequency values may be interpreted from 
the point of view of the phenomenon of the physics in 
the following manner: Higher frequency in the range 
exceeding thirty hertz corresponds to the dominant 
frequency of pipe vibrations. In turn, a lower frequency 
in the range of several dozen hertz corresponds to the 
dominant frequency of soil vibrations. Direct impact of 
the friction force values of the pipe in contact with the 
sand pack and tension force of the FT pipe on the change 
of the average value of vibration frequency registered 
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on the pipe may also be clearly noticed. The values of 
maximum vibration acceleration signal component 
amplitudes summarised in Table 1 of both the soil and 
the pipe adopt the values in the range of 1 m/s2, except 
for two cases: Ă1x1	and	Ă1z1 for friction force of the pipe 
in contact with the soil Ff = 9.2 kN, and the tension force 
FT = 20.3 kN. For such cases, the acceleration amplitudes 
exceed the value of 2 m/s2.

Figures 10 and 11 present relative pipe vibration 
accelerations at the P1 point for axes x, y, and z, 
accordingly, for component 1 and 2 designated based 

on the dependency (13) and (14). Whereas, Figure 12 
presents relative values of the resultant pipe vibration 
acceleration at the P1 point for the both signal components, 
designated based on (18). Similarly, Figures 13 and 14 
present relative pipe vibration accelerations at the P2 
point for axes x, y, and z, accordingly, for component 
1 and 2 designated based on the dependency (15) and 
(16). Whereas, Figure 15 presents relative values of the 
resultant pipe vibration acceleration at the P2 point for 
both signal components, designated based on (19).

Table 1. Results of HHT analysis of acceleration signals
Tabela 1.  Wyniki analizy HHT sygnałów przyspieszeń drgań
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Fig. 10. Relative acceleration at P1 point, acc. to (13)
Rys. 10. Względne przyspieszenie w P1, zgodnie z (13)

Fig. 11. Relative acceleration at P1 point, acc. to (14)
Rys. 11. Względne przyspieszenie w P1, zgodnie z (14)

Fig. 12. Relative acceleration at P1 point, acc. to (18)
Rys. 12. Względne przyspieszenie w P1, zgodnie z (18)

Fig. 13. Relative acceleration at P2 point, according to (15) 
Rys. 13. Względne przyspieszenie w P2, zgodnie z (15)

Fig. 14. Relative acceleration at P2 point, according to (16) 
Rys. 14. Względne przyspieszenie w P2, zgodnie z (16)

Fig. 15. Relative acceleration at P2 point, according to (19) 
Rys. 15. Względne przyspieszenie w P2, zgodnie z (19)
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Based on the diagrams presented in Figure 10, it 
may be stated that the relative vibration acceleration 
amplitude of the first signal component in the x- and z-axes 
exceeds 1, and it means that pipe vibration accelerations 
are higher than the soil vibration accelerations. It also 
applies to the relative value of the resultant pipe vibration 
accelerations at the P1 point for the first component  
(Fig. 12). Occurrence of the pipe resonance effect for 
friction forces of the pipe in contact with the soil with 
values Ff = 0 kN and Ff = 9.2 kN (They correspond 
to operation of the pipe tensile force with values: 
FT2 = 0 kN and FT2 = 20.3 kN.) can be clearly observed. 
Occurrence of the pipe resonance phenomenon is also 
confirmed by the values of the average frequency of the 
first component for these tensile forces that are identical 
and amount to 30 Hz ±0.3 Hz. A further increase of the 
statistic pipe tensile force and, at the same time, the 
change of value of the Ff friction force weakens the 
resonance effect.

The discussed effect is not present at the P2 
measuring point, for which proper diagrams were 
presented in Figures 13–15. As already mentioned, P1 
and P2 measuring points were situated at the places of 
various pipe activities. The P1 point is located between 
pipe fragments arranged in the soil, where the changes 
of friction force values in the pipe contact with the 
sand pack influence the pipe activity status. In turn, the 
measuring point P2 is located in the initial part of the 
pipe, in which is a very short distance from the start 
of the pipe anchored to the soil by means of a tensions 
screw. Therefore, the impact of the friction forces of the 
pipe in contact with the sand pack on the pipe activity 
status observed at this point is limited. Based on results 
presented in Table 1, we may observe that, for the force 
exceeding 94.8 kN, the status of the pipe in contact with 
the soil environment deteriorates, leading to a decrease 
of the friction force value from 22.1 kN to 15.9 kN.

The presented test results enable us to state that 
there is a friction force value during the status of the 
pipe in contact with the sand pack for which the soil 
vibrations transmitted on the pipeline are strengthened. 
Therefore, we should aim at providing optimum pipeline 

foundation conditions, which will ensure damping of 
external vibrations to the maximum extent, preventing 
their transmission onto the pipeline.

CONCluSIONS

The article presents conditions for pipeline field testing. 
The results of the experiments were presented, during 
which vibration accelerations of a pipe placed in the 
soil in a standard manner was registered, with the use 
of a quartz sand pack. The pipe load sources comprised 
artificially generated paraseismic soil vibrations with 
an impulsive character. The registered pipe and soil 
vibration acceleration signals were analysed with the use 
of Hilbert-Huang Transform HHT. The HHT allowed for 
the correct decomposition of non-stationary vibration 
signals. The conducted vibration signal decomposition 
enabled the designation of dominant signal components 
and the course of their frequency and amplitude in 
a time function. Based on the conducted signal analysis 
with the use of HHT, the following conclusions may be 
formulated:
  – Occurrence of the pipe section resonance 

phenomenon of a pipe in a full contact with the 
soil environment was conformed, whereas this 
phenomenon depends on friction force values 
during the pipe contact with the soil.

  – The average value of signal component frequencies 
of pipe vibration accelerations has a generally 
monotonic increasing character with the increase of 
the pipe tensile force for pipe sections in full friction 
contact with the soil environment (Table 1, regards 
P1 measuring point). In the case of a lack of full 
contact of the pipe with the soil, this dependency is 
not obvious (Table 1, measuring point P2).

  – The suggested test method enables one to specify 
friction force values during the pipe contact with 
the sand pack for which soil vibrations will not be 
strengthened by the pipe resonance phenomenon 
and for which damping of external vibrations will 
be provided.
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