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IIpedcmasneni excnepumenmanvui 0ocui-
0)CeHHsl 3 BUBHAUEHHSI MEXAHIYHUX 6IACMUBOC-
meii (npysxcHux ma OUCUNAMUBHUX) HANIPHOZ0
nosxcexcrnozo pyxaea muny <T»> i3 enympiwnim
diamempom 66 MM 6 ymosax cmamu1Hozo HaABaH-
maoicenns. Excnepumenm npoeedeno na docaio-
Hill ycManosyi, AKa 0ae MONCAUBICMb 3aAMIPY CUNU
ma depopmauii. B x00i po6omu nposedeno nusxy
HAMYPHUX eKCNepUMenmie Ha po3msie 3i 3pasKom
8 YM08AX CMAMUMHUX UUKJIIE HABAHMANCEHHS-
pozeanmancenns. Bunpobyeanns cxnadanuco
3 Suuxnie (pedxcumu) HaA8aHMAadCeHHA-PO3GAH-
masicenns, AKi NPoOOUNUCH i3 0BOXGUNUHHUM
inmepeanom. 3 ypaxyeanHam eKcnepumenmao-
HUX OaHUX BU3HAYMEHO MOOYTb NPYHCHOCMI NPU
PpO3msieanni mamepiany pyKaea y no3008H#cHbLO-
My (630060 ocnosu) nanpsmry. Bcmanoesaeno,
WO HUCeNbHI Pe3YNbMAMU MEXAHIMHUX 8IACMU-
eocmeil 3anexcams 6i0 <icmopii> HABAHMANCEH-
HA pyxaea, modmo Ha nepwiux 060X pexicumax
Hasanmancenns Mo0yui npyxcnocmi 30invuyea-
aUCA i Auwe NOmiM HA HACMYNHUX — CMadiNisy-
eanucs. Bxazane, pazom i3 cymmeeum 3menuen-
HAM 3aTUMKO0BUX 0ehopmauiil, NOCUNIOE NPYICHI
8J1ACMUBOCMI MAMEPIANY NONCENHCHO20 PYKABA.

Pesynvmamu npoeedenux docaidyicenv noxa-
3aau, wWo Npu nepwux 060X UUKIAX Mmamepian
demoncmpye nposié KOpomKouacHoi noezyuocmi,
aka cmaoinizyemocs na 4-5 pexcumi. [as ysa-
2a1bHEHHS eKCNePUMEHMANLHUX 00CAI0HCEHD pe-
3yabmMmamu anpoxcumMoeano 6iOnoGioHUMU JiHIs-
Mmu mpendie. Byno eusnaueno xpusi odedpopmy-
8aHHsL 3PA3KIB, WO 6 YMOBAX UUKAIMHO20 HABAH-
mascenHs-po3eanmascenns popmyeanu nemi
eicmepesucy. Ompumani nemni sicmepesucy 6 xo0i
docnidicenns noxazanu, wo npu NepuuUx 060X
pedcumax nemmui 3a3Harome KiAbKiCHUX ma AaKic-
HUX 3MIH, a4 came, 3IMEHWYEMbCA HAXUL NemJi
eicmepe3ucy ma ii niowa.

Bcmanosneno, wo 3mina enracmugocmeii ma-
mepiany NoNCeICH020 PYKasa npu nocai008HUX
yuxaax dedopmayiii HABAHMANCEHHA-PO3BAHMA-
MHCEHHSL € 360POMHOI0, NPOMINCKU MINC UUKIAA-
Mu Oepopmysanns npuzeooamv 00 1aACMK0GO-
20 GIOHOBNIEHHS MEXAHIMHUX XAPAKMEPUCMUK,
nHabauwicarouu ix do nowamxoseux 3nauenv. Yac
penaxcayii cmanoéums 6i0 KinvK0OX 200Ut 00
Kinbkox 0i0 i HA8iMb MUICHIE, WO 6 3HAUHIU Mipi
3anexncums 6i0 seauuuUHU nonepeonvoi 6i0HOCHOT
depopmauii

Knrouosi cnosa: nanipnuil noscexncHuil pyxkae,
MOOYNb NpyxncHOCMI, 2icmepe3uc, OUCUNAMUBHL
eaacmueocmi

| =,

Received date 12.09.2019
Accepted date 18.11.2019
Published date 09.12.2019

1. Introduction

The current state of industrial development is charac-
terized by the application and advanced use of composite
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materials consisting of an elastomer, particularly rubber, ma-
trix and various cord reinforcement. This type of materials is
widely used in modern technology, construction, automotive
building, apparatuses, and devices. In particular, special hoses



and pressure hoses that transport different liquids, gases,
steam, pulp, abrasive mixtures and bulk materials as flexible
pipelines under high pressure found a wide application. In
addition, these composite materials are used in manufacturing
pressure fire hoses (PFH), which can consist of several layers
of rubber and cord, which in turn are structurally similar to
special hoses. In addition, rubber-cord composites are used
in manufacturing automotive and aviation tires. Thus, com-
posite materials affect the characteristics of reliability of ma-
chines, their functional characteristics and operation safety.

Pressure fire hoses, together with other fire equipment in
the departments of Emergency and Rescue units (ERU), is
one of the main types of fire equipment (FE) and success of
fire extinguishing depends on their proper functioning [1, 2].
Fire extinguishing is a complex process which is accompanied
by pollution of the atmosphere [3] from incomplete combus-
tion products, long-term adverse effects of high tempera-
ture, destruction of building structures, etc., in the event of
complicated fires such as landscape fires [4] or in hazardous
sites, such as the sites of oil and gas industries [5], the ERU use
a large quantity of fire equipment and machinery. However,
successful work of the ERU in fire extinguishing depends not
only on the time of concentration of forces and facilities in
the place of the call [6], but also on the indicators of faultless
operation of fire equipment [7]. The process of fatigue accu-
mulation goes on in the PFH during its operation, which can
lead to their fault.

Reliable and safe use of the PFH is determined by keeping
to regulatory requirements for their operation and main-
tenance, among which the prominent place is occupied by
hydraulic tests for tightness at excessive pressure. Tests of fire
hoses are carried out during scheduled inspections not less
than once a year, as well as after repairs. This test method de-
termines only the integrity and tightness of pressure fire hoses
and is aimed at simplified assessment of the product reliability.

However, the fault (damage) of the pressure fire hoses in-
creases the time of fire suppression, which in turn can lead to
significant losses, and, sometimes, to catastrophic consequences.

Thus, the measures aimed at obtaining a comprehensive
characteristic of the reliability of fire hose materials and the
means of their reliable testing are an important scientific and
practical task.

2. Literature review and problem statement

Fire hoses as one of the important types of fire equipment
are the focus of a large number of scientific works, which in
turn mostly boil down to the calculation of pressure con-
sumption in hydraulic networks. In papers [8, 9], the expe-
rimental data on hydraulic resistance of pressure fire hoses
during the water flow in the middle of the hose were ob-
tained. Pressure losses were determined and it was found that
when adding gel to water, hydraulic resistance decreases.
The task of the research did not include determining the
reliability of PFH during its operation.

Papers [10, 11] show the results of theoretical and expe-
rimental research into the strength of the power frame (weave
cover) of pressure fire hoses. It was found that the power frame
completely accepts the forces, caused by the existence of hyd-
raulic internal pressure of a fluid inside a hose. The authors
developed the procedure of rational designing the PFH, deter-
mined the appropriate parameters of the woven bearing mem-
brane. The examined works are of fundamental importance for

the improvement of the PFH structures and their production
technologies. However, the problem of estimation of the PFH
reliability in case of defects in operation was not explored.

The structure of pressure fire hoses is very similar to the
structures of some rubber hoses and pressure hoses used as
flexible pipelines for connection and compensation of recipro-
cal displacements of the elements of various types of machines.
Therefore, it is advisable to expand the literary search in terms
of reliability of structural elements of these pressure hoses.

The failure of pressure hoses is a typical phenomenon
in engineering. The analysis of hose failures was presented
in [12]. It was established that about 30 % of all failures in ma-
chines are caused by the damage to pressure hoses. The most
common types of failure include the damage to the hose sur-
face [13, 14] and its lamination [15, 16]. The causes of failure
are power overload, fatigue accumulation as a consequence
of the cyclic action of the load [15, 17, 18] and the damage
that was formed due to the aging and degradation of the pro-
perties of material [19, 20]. This in turn should be taken into
consideration when studying the reliability indicators of the
design of rubber-like materials [21]. It was determined that
an increase in braid layers leads to the growth of stiffening of
the hose structure, which in turn reduces the hose elasticity
during bending, and the discontinuous pressure at the same
time increases insignificantly. In these works, the causes of
failures of hoses were determined and analyzed in detail, but
the factors leading to these failures and their impact on the
reliability of the hoses in operation were not studied.

Papers [12, 13] present the results of analysis of the
choice of the method of non-destructive control. Accord-
ingly, a method for diagnosis was chosen for each work.
Article [12] considers the acoustic method for testing, which
determined the pattern of changing the parameters of the
technical state of hoses. The purpose of this research was to
solve the problem of detection of a hidden defect and predic-
tion of sudden failures of hoses on special machines. Accord-
ingly, the periodic control of the technical state of hoses was
proposed. Paper [13] proposed a modern diagnostic method,
which consists in the use of industrial tomography (Zeiss
Metrotom 1500). This paper was directed to the analysis and
description of the destructive process of the rubber surface
of hoses. Modern methods of testing were proposed in these
studies, but their cost and labor intensity under actual con-
ditions at present are problematic.

Articles [14, 15] considered the cyclic deformation of
brake hoses, the studies show that there is a relatively weak
inter-layer strength, and as a consequence of the action of
appropriate loads, there appear internal initial cracks that
gradually reach the external rubber layer resulting in a final
rupture. In papers [17, 18], studies of cyclic deformation
of composite materials used for the production of pressure
hoses were conducted. It was experimentally determined
that experimental samples are self-heated during cyclic
deformation, which leads to a decrease in the operation
resource. Article [18] studied the changes in cyclic deforma-
tions during air temperature drops (from —20 °C to 40 °C). It
was determined that at reduced air temperature below zero,
the level of stresses in the material significantly increased.
In [16], visual and microscopic defects were examined, it was
determined that due to mixing of different types of rubber in
the material of the hose, there appear defects because of the
insufficient mechanical connection of the individual compo-
nents. Studies [19, 20] report results of the degradation of
physical properties of different elastomers, which are used



for manufacturing pressure hoses. The results, which are pre-
sented in article [19], are aimed at studying the comparative
degradation of physical properties of the material of the hose
under the influence of palm biodiesel. Experimental research
was carried out by dipping the hose into certain types of
diesel fuel and its keeping for thousands of hours. Changes
of properties were recorded every 250 hours. Paper [20]
presented the results of studying a high-pressure hose that
collapsed in the course of operation due to the rupture. To
study the hose, optical microscopy was applied, which found
that reinforcing layers (weaving) degraded and turned into
glass-like materials, which further led to a rupture. In these
studies, the causes of failure of hoses were determined and
analyzed in detail, but the impact of these factors on the reli-
ability of hoses in operation was not explored.

The analytical models and methods for calculation of
pressure hoses (rubber-cord hoses), based on the introduc-
tion of some assumptions and simplifications, are used in
papers [21—23]. Practical application of these methods is
not advisable, since the design and geometric features of the
structural elements of pressure hoses were not taken into
consideration in the papers.

Studies [14, 16, 24—30] examined the methods based on
the use of the method of finite elements. Papers [24, 25] ex-
plored the issues of reliability of brake hoses. It was found that
during the operation of the anterior brake system of a vehicle,
vertical and horizontal deformations [25] and torsion defor-
mation [24] occur in brake hoses during the turn. It was estab-
lished in [24] that the use of the fabric layers in braiding will
enhance the reliability of the product by homogenizing the
material of a hose. The detailed model of geometry of the fabric
layer in braiding is considered. The studies of hose twisting re-
vealed that the maximum twisting angle of the hose was 180°.
The model showed a significant deviation from the experimen-
tal research, so the work needs further research. Paper [25]
is a continuation of paper [24] and the issues of vertical and
horizontal deformation are discussed in more detail. Using the
finite element method, cyclic tensions occurring during these
deformations were simulated. These works [26—30] consider
the problems of reliability of fastening in the joints of pressure
hoses. Paper [26] presents the results of analysis of failure of
high-pressure hoses. It was determined that one of the factors
of failure of hoses is external damage, which was formed under
the influence of sharp metallic bushings. Using the finite ele-
ment method, the distribution and concentration of stresses on
the hose surface were analyzed. Articles [27, 28] focus on the
study of the destructive process in places of connecting fitting.
It has been determined that microdefects (cracks) [27] occur
on the outer surface of rubber during pressing, in addition,
there is a different cross-section geometry on the outer edges
in some samples, which in turn contributes to the formation of
concentration of stresses. In studies [28—30], it was found that
during pressing of connecting fittings, there occur tensions
that deform not only the high-pressure hoses [29, 30], but also
the nipple itself [28].

Thus, the method of finite elements is one of the modern
and promising methods for studying the parameters of both
finished products and materials used in manufacturing rubber
hoses and pressure hoses. It should be noted that the papers
on the simulation of pressure fire hoses using the methods of
finite elements were not found. This is due to both significant
non-linearity of the corresponding mathematical models, and
the existence of orthotropy of mechanical characteristics and
heterogeneity of the structure of pressure hoses. Given that

during operation, fire hoses are subjected to various types of
loading, which directly change their mechanical properties,
the process of modeling is much more complicated.

As aresult of reviewing the literary sources [8—30], it was
found that the mechanical properties of hoses, specifically,
elasticity modules and dissipation coefficients at different
strains were not studied by other authors. The absence of
such data is explained by the fact that this problem was not
related to the research topics of the corresponding authors. It
made it possible to state the problems of theoretical research
in the estimation of the PFH operation reliability. For greater
reliability, it is necessary to carry out a complex of tests to
determine the mechanical characteristics, specifically, elastic
and dissipative properties of pressure fire hoses of type «T»
with the inner diameter of 66 mm.

3. The aim and objectives of the study

The aim of this study is to determine the elastic and dis-
sipative properties of pressure fire hoses under conditions of
static loading-unloading cycles for the following calculations
of fire hoses reliability.

To achieve the aim, the following tasks were set:

— to conduct experimental studies on determining elastic
properties of pressure fire hoses;

— to conduct experimental studies on determining dissi-
pative properties of pressure fire hoses.

4. Methods of experimental research on determining
elastic and dissipative properties of pressure fire hose
of type «T»

The work involved conducting a series of field experiments
on stretching the samples of new pressure fire hoses of type «T»
with the inner diameter of 66 mm under conditions of static
loading-unloading cycles and statistical treatment of results.

Pressure fire hoses (PFH) are made in accordance
with DSTU 3810-98, their structure consists of a power
frame (weaving cover) (3), the inner elastic waterproof
layer (1) (Fig. 1). In some cases, the power frame is impreg-
nated with external elastic coating (4), which serves to pro-
tect it from abrasive wear and active substances.

Fig. 1. Structure of a pressure fire hose:
1 — sealing layer; 2 — adhesive layer; 3 — power frame;
4 — protective coating

The experimental sample was separated from the fire
hose of type «T» with the inner diameter of 66 mm pro-



duced by TOV MIK according to DSTU 3810-98 cert.
UA 1.182.066877-13. The fragments of the material of hoses
had the actual total length of the sample of 100 mm and the
working area of the length /=78 mm (Fig. 2), the width of
100 mm and the thickness of 1.6 mm.
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Fig. 2. Test sample of a fire hose

To carry out the appropriate work, the experimental
setup TD—-30 M (Plant of test machines, USSR) was used.
The sample was fixed in the experimental setup with the
help of mechanical clamps. Rigid load was assigned, that
is, the fixed values of the deformation of the samples were
assigned, and the forces were measured by a regular me-
chanical dynamometer. The mechanical dynamometer before
use was tested by sequential loading with the application of
a reference dynamometer and by subsequent construction
of relevant characteristics and determining the necessary
coefficients.

The samples were loaded with continuous sample exten-
sion (A=0.5 mm). Experiments were conducted in two sep-
arate versions. The first were the experiments to determine
the elasticity module in the longitudinal direction. The sec-
ond version of the experiments included tests to determine
visco-elastic properties of the material.

Each experiment was performed with the samples that
were separated from different sections of various types of
hoses, that is, at least 9 samples with subsequent statistical
treatment of the results, and also for checking their re-
peatability.

4. 1. Experimental research into longitudinal elasticity
of pressure fire hoses

The initial (1) loading cycle was performed with the
non-deformed fragment of a fire hose with a length of 78 mm.

Maximal magnitude of deformation was: A["*=9.510" m
at loading of F™*=1128 N. The results of tests are given
in Table 1.

After unloading, residual deformation of the fragment
was Al[“=5.010 * m.

During the second cycle (2), which was performed after
two minutes, the maximal magnitude of deformation was
Al =9.5107 m at loading F™=1080 N.

After unloading, residual deformation of the fragment
was AL® =6.010"" m.

The numerical parameters of the next three cycles of
loading (3)—(5), which were carried out with the same
two-minute intervals, practically do not differ from each
other, which made it possible to average them. The ma-
ximum magnitude of deformation on these modes was:
AL =9.5107 m at the average loading AL =9.5107 m.

There was no residual deformation after unloading.

Table 1
Results of experimental tests of PFH
Loading — F,N
A,mm | Cyclel | Cycle2 | Cycle3 | Cycle4 | Cycle5

N N N N N
0.0 0000 - - - -
0.5 0192 - - - -
1.0 0288 - - - -
1.5 0312 - - - -
2.0 0336 - - - -
2.5 0360 - - - -
3.0 0432 - - - -
3.5 0456 - - - -
4.0 0480 - - - -
4.5 0528 - - - -
5.0 0600 0000 - - -
3.5 0672 0192 - - -
6.0 0720 0336 0000 0000 0000
6.5 0768 0432 0240 0192 0240
7.0 0840 0600 0432 0336 0432
7.5 0912 0720 0576 0456 0528
8.0 0960 0864 0720 0672 0720
8.5 1,008 0960 0912 0768 0864
9.0 1,080 1,056 0960 0912 1,008
9.5 1,128 1,080 1,080 1,008 1,104

4. 2. Results of experimental research into longitudinal
elasticity of pressure fire hoses

The diagrams that correspond to statistically treated re-
sults of testing with loading are shown in Fig. 3.
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Fig. 3. Diagrams of loading the sample of PFH material

An almost linear dependence between loading and defor-
mation of fire hose fragments makes it possible to determine
in the first approximation (without taking into account the
changes in the dimensions of the sample due to deformation)
the averaged module of elasticity (E) of its material in the
longitudinal direction:

g



where E; is the elasticity module determined for the i-th
cycle; E™ is the maximum loading of the i-th cycle; ¢ is
the length of the working zone; AP is the maximum defor-
mation of the i-the cycle; A is the residual deformation
of the previous cycle; 8 is the thickness of the material of the
sample; S is the width of the working zone of the fragment.

Taking into consideration the statistically processed
experimental data (Table 1) for the relevant load cycles,
elasticity module is:

E;=60.7 MPa;
Ey=117 MPa;
E3 5=148 MPa.

Thus, first, elasticity modules increase and are stabilized
during 3-5 tests.

4. 3. Experimental research into dissipative properties
of pressure fire hoses in the longitudinal direction

Experiments to determine the dissipative properties of
the PFH in the longitudinal direction were conducted simul-
taneously with determining elastic characteristics. Results of
research after statistical treatment are shown in Table 2.

Table 2

Results of experimental tests of PFH

Loading - F N
Cycle 1 Cycle 2 Cycle 3 Cycle 4
L U L U L U L U L U
0.0 |0000| - - - - - - _ _ _
0.5 [0192| — - - — - - — _ _
1.0 {0288 - - - - - - _ _ _
1.5 [0312| — - - — - - — — _
2.0 0336 — - - - - - - _ _
2.5 10360 — - - - — - - _ _
3.0 |0432| — - - - . - - _ _
3.5 [0456| — - - - - - — _ _
4.0 |0480| - - - - — - - _ _
4.5 (0528 - - - - - - - _ _
5.0 {0600 (0000 (0000 | - - - - — — _

5.5 |0672 (0048 |0192| — - - - - _ _

6.0 10720 {0144 {0336 |0000 {0000 {0000 |0000 |0000 [0000 |0000

6.5 |0768 (0240 |0432]0120 {0240 [ 0048|0192 | 0048 [ 0240 | 0048

7.0 {0840 {0408 [0600 [0240 (0432|0144 (0336|0096 | 0432|0120

7.5 (0912 (0480 |0720 | 0384 {0576 | 0240 | 0456 | 0240 [0528 |0240

8.0 {0960 {0600 {0864 [0600 (0720|0384 (0672|0360 |0720 |0432

8.5 |1,008[0720 {0960 |0720 |0912 {0576 [0768 | 0480 [0864 [0672

9.0 {1,080{0960 (1,056|0864 {0960 {0720 (0912 {0792 | 1008 |0864

9.5 [1,1281,128|1,080 (1,080 (1,080 (1,080 |1,008 1,008 {1,104 |1,104

The results of statistically processed experimental re-
search (Table 2) are approximated by corresponding trends,
the diagrams of which are shown in Fig. 4—6.

The diagrams in Fig. 4 correspond to the trends of the
initial cycle 1 of loading-unloading of non-deformed frag-
ments of the material of the PFH.

The diagrams in Fig. 5 correspond to polynomial trends
of cycle 2 of loading-unloading of the fragments of the mate-
rial of the PFH.
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Fig. 4. Diagrams of trends of cycle 1:
L — loading, U — unloading
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Fig. 5. Diagrams of trends of cycle 2:
L — loading, U — unloading
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Fig. 6. Diagrams of trends of cycles 3—5:
L — loading, U — unloading

The following three cycles of loading-unloading were
performed with the similar time intervals. The numerical pa-
rameters of the tests practically do not differ from each other,
which made it possible to average them.



The diagrams in Fig. 6 correspond to polynomial trends
of cycles 3-5 of loading-unloading of the fragments of the
material of the PFH.

Thus, the area of the hysteresis loop first decreases and in
test cycles 35 is stabilized.

4. 4. Results of experimental research into dissi-
pative properties of pressure fire hoses in longitudinal
direction

Energy (Ap) that was accumulated in the sample and cor-
responds to the dissipative properties of the material of the
fire hose fragment is determined by the area of the hysteresis
loop as the difference of works spent at loading (A;) and sub-
sequent unloading (Ay) of the sample:

Alpp Aty
Ay=A,—A, = [ F(a0)d(a0)- [ F(ar)d(ar), (2
Al Ayp

where F,(¢) is the equation of the dependence of the acting
force on the deformation of the sample at its loading; F;, (A?) is
the equation of the dependence of the acting force on the
deformation of the sample at its unloading; A?,, is the lower
integration boundary, which corresponds to the initial load-
ing point; Af¢,. is the upper integration boundary, which
corresponds to the final loading point; Al is the lower
integration boundary, which corresponds to the final unload-
ing point; Af,, is the upper integration boundary, which
corresponds to the initial unloading point.

If we accept designation of diagrams (Fig. 4—6), where
the results of the experimental research (Table 2) were ap-
proximated by the corresponding polynomials of the trends,
equation (2) will take the form:

For subsequent calculations, it is appropriate to deter-
mine dissipative properties of the fire hose by the dimension-
less ratio or dissipation coefficient:

B="2. ©)

The equations of the corresponding trends were obtained
after statistical processing of research results by means of
Microsoft Excel 2007.

Accordingly, the loading energy of cycle 1 is A=
=5,358.15-10" J, and unloading energy of cycle 1 is A=
=2,080.36107 J.

Hysteresis energy is Ap,=3,277.79107 J. Hence, dissi-
pation coefficient of cycle 1 is B,=0.612.

The same is true for another test cycle (Fig. 5).

Energies of loading-unloading of cycle 2 are A,,=
=2,834.610" ], A,,=1,754.47107 J.

Hysteresis energy is A,,=1,080.13107 J. Hence, dissi-
pation coefficient of cycle 2 is §,=0.612.

In tests cycles 3—5 (Fig. 6), the averaged experimental re-
sults allowed determining A, ;,=2,079.67107 J,
=1,339.47107 J, Ay, 5=7402107 J, B, =0.356.

Fig. 7 shows the diagrams that graphlcally reflect the in-
dicators of energy that was consumed for the implementation
of five consecutive PFH loading — unloading cycles, as well
as hysteresis energy.

Fig. 8 shows the dependence of changes in dissipative
properties of material of the PFH of type «T» with the inner
diameter of 66 mm at successive deformation cycles on the
loading mode.
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6,000
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Fig. 7. Parameters of PFH loading-unloading cycles
during experiments
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Fig. 8. Dependence of dissipative properties of material
of the PFH of «T» type with an inner diameter of 66 mm
on a loading mode

The dependence obtained by using the Microsoft Excel
2007 tabular processor was approximated by a polynomial
trendline. The trendline type was selected based on the
calculated value of determination coefficient, which char-
acterizes the degree of proximity of the specified line to the
original data. Exponential, linear, logarithmic, and power
trendlines were considered among the possible types of
trendlines. Accordingly, the highest value equal to 1 was
obtained for the power trendline. The obtained trendline
describes the corresponding equation (3).

=0.0065-X;' —0.0952- X +
+0.5115- X7 -1.1968- X, +1.386, 3)
where Y; is the prediction value of the dissipation coefficient

of the pressure fire hose of the i-th sample; X; is the loading
modes of the i-th sample.

Table 3

Summary table of results from calculation of some
mechanical properties of a fire hose

Characteristic Disif;a_ Cycle 1 | Cycle 2 | Cycles 3-5
Maximum loading F"™ N 1128 1080 1064
Maximum deforma- ax
tion of the fragment AL, mm | 9.5 45 35
Residual deformation s
of the fragment Af7", mm >0 10 0
ElastiFity module of E. MPa | 607 17 148
material !

Coefficient of dissipa-
tion of hose material Bi 0612 | 0.381 0.356




Generalization of the conducted complex of experimental
tests is shown in Table 3, which summarizes the averaged es-
timates of strength and elasticity for the material of the PFH
of «T» type with the inner diameter of 66 mm.

5. Discussion of results of research into elastic
and dissipative properties of pressure fire hoses

The results of a series of experimental determining the
elastic and dissipative properties of the PFH revealed that
significant initial hysteresis of the fragment of fire hose of
cycle 1 (Fig. 4) considerably decreases during repeated
tests of cycle 2 (Fig.5), cycles 3-5 (Fig.6). Along with
a decrease in residual deformations and stabilization of
elastic properties (Table 3), this approximates the be-
havior of the material of the PFH in the longitudinal
direction to elastic.

Reliable and safe application of the PFH, which is caused
by hydraulic tests for tightness at overpressure during
scheduled inspections, is determined only by integrity and
tightness of pressure fire hoses.

These tests are aimed only at a simplified assessment of
the PFH reliability. Their task does not include determining
physical and mechanical properties of the PFH. This limits
the possibilities of theoretical research using the method of
finite elements.

The performed tests were limited to the study of only
one type of hoses, while their wear was not taken into con-
sideration.

These shortcomings can be eliminated by the study of
different types of hoses with arbitrary term of operation and
statistical processing of results.

The further development of appropriate research involves
the experimental analysis of the influence of cyclic deforma-
tion, as well as the influence of high temperatures on physi-
cal-mechanical properties of the material of the PFH.

These studies require development of both a new me-
thodology for experiments and the production of appropriate
equipment.

6. Conclusions

1. Experimental research into determining the elastic
properties of the PFH revealed that elasticity module of the
material of the hose in the longitudinal direction was sta-
bilized at the level of 148 MPa. In this case, the magnitude
of elasticity module in almost identical range of loading
(1,064+1,128 N) greatly depends on the load <history»,
that is, the corresponding rigidities and elasticity modules
increased in the first two or three test modes and got stabi-
lized in the next modes at a significant decrease in residual
deformations (5+0 mm).

2. Experimental research into determining the dissipative
properties of the PFH revealed that dissipation coefficient
of the hose material was stabilized at the level of 0.356. In
this case, its magnitude in almost the same range of load
(1,064 +1,128 N), decreased steadily and was stabilized only
in the following modes.
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