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INVESTIGATION OF THE DEPENDENCE OF THE INTERNAL DISRUPTIVE
PRESSURE IN A FIRE HOSE ON GEOMETRIC DENSITIES ON THE WARP AND THE
WEFT OF ITS WOVEN REINFORCING FRAME
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In this article, based on the obtained formula for calculating the strength of a pressure fire hose(PFN)
under the action of internal hydraulic pressure, the dependence of the disruptive pressure in alatex pressure fire
hose, designed for an operating pressure of 1.6 H, on such parameters as geometric densities on the warp and
the weft, is studied. As a result of the studies, the pattern of decreasing the disruptive pressure of a fire hose with
an increase in the geometric densities on the warp and the weft of a reinforcing frame of a pressure fire hose
was experimentally established. When designing new fire hoses, it is important to take into account the
significant dependence of the disruptive pressure on the geometric densities on the warp and the weft of a
reinforcing frame. Recommendations are given on choosing the optimal parameters for a woven reinforcing
frame of latex pressure fire hoses with a diameter of 77 mm.

Key words: pressure fire hose, woven reinforcing frame, disruptive internal hydraulic
pressure, geometrical densities on the warp and the weft.

OPT 'KEHIHJIETT IIIKI Y3LTY KbICBIMBIHBIH TEOMETPUSLIBIK
TBIFBI3JABIKTAPJIAH HEI'T3 BOMBIHIIA TOYEJILIITTH 3EPTTEY KOHE OHbBIH
MATA APMATYPAJIAYIIBI KAHKACBIHBIH APKAY JKIBI
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byn maxanaoa iwki 2udpasiukanvl KblCbIMHBIH 2pekemi Ke3inde oepm conOipy icenoepi (OCIK)
Oepixkmizin ecenmey ywiin anvinzan gpopmynanviyy nezizinoe 1,6 H sycymoic KbicblmblHA ecenmenzen J1ameKc-
menzen OCIK -0eci y3iny KbvicoimblHblY He2i3 OeH apKay OOUbIHUIA 2e0MEMPUATLIK MbIZbI30bI2bL CUAKHIbL
napamempiepze mayenoinizi zepmmendi. Kypeizineen zepmmeynep namudicecinoe OCK apmupneywi Kanka
MAMACbIHBIY, He2i3i MEeH apKay Jcidi 00UbIHWA 2e0MemPUATbIK MbIZbI30bIKIAPObIY, Y2AI0bIMEH OpH COHOIpY
JHCEHIHIY Y3U1y KbICBIMBIHBIH aA3al0 3AHOBLILIKMAPbL IKCHEPpUMEHmandvl mypoe anvikmanza. Kana opm
COHOIpPY JiceHOepin dcobanay Ke3inoe y3iny KbICHIMbIHBIY HeZi3 OO0UbIHUIA 2e0MemPUATIbIK Mbl2bI30bIKMapaa
JCOHE apKAYIbIK KAHKAHBLIH YINACLIHA QUMApAblKmai mayenoinizin eckepy kaxcem. [uamempi 77 mm
aamexcmenzen OCK mama apmamypanay KaHKAacolHblH OHMAIIbl nApamempiepin mawoay 0O0uviHWA
ycolHblcmap 6epinoi.

Heri3ri ce3aep: epT coHaipy keHaep, MaTa apMaTypajaylibl KaHKAAap, ikl riApaBInKAIbIK,
KbICBIMHBIH Y3i1yi, Heri30eH MaTa ThIFbI3AbIFbI 00i bIHIIIA T€OMEeTPHSIBIK THIFbI3IBIKTAP.

HNCCIEAOBAHUE 3ABUCUMOCTHU BHYTPEHHEI'O PA3PBIBHOI'O JJABJIEHUSA B
MO KAPHOM PYKABE OT TEOMETPUYECKHUX INIOTHOCTEM 11O OCHOBE U YTKY
EI'O TKAHOT'O APMUPYIOILIEI'O KAPKACA
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B oannoii cmamse na ocnhose nonyuennoii popmyinsl 013 pacuema Ha NPOYHOCHIL ROHCAPHBIX HANOPHBIX
pykaeoe (IIHP) npu Oeiicmeuu @HYymMpeHHE20 2UOPABTIUYECKO20 OQB/IeHUs UCCTe006aHA 3A6UCUMOCHD
paspvienozo oasnenusn ¢ namekxcuposannom IHP, paccuumannozo na paoouee oasnenue 1,6 H, om maxux
napamempos, KaK zeomempuuecKue RNIOMHOCHMU NO OCHO6e U ymKy. B pesynomame nposedennvix uccinedo-
6AHUII IKCNEPUMEHMATIbHO YCHIAHOGIEHA 3AKOHOMEPHOCHb YMEHbUIEHUA PA3DBIGHOZ0 OAGIEHUS NONCAPHOZ0
PYKasa c yeenuuenuem 2e0MempuiecKux RiOmHoCcmeil no 0CHoGe u ymKy mkanu apmupyrowezo kapkaca ITHP.
Ilpu npoekmuposanuu HOBbHIX RONHCAPHBIX PYKABOE BAICHO YUUMBIGAMb CYULECHIEEHHYIO 3A6UCUMOCHb PA3PbIE-
HO20 0AGNIEHUA OM 2e0MemPUUECKUX NJIOMHOCMEll O OCHO6e U YMKY MKAHU apmupylouiezo Kapkaca. /lansl
PeKomeHoauuu no 6vlGOpy ONMUMALHBIX RAPAMEMPOE MKAHO20 APMUPYIOWEZ0 KAPKACA 1AMeKCUPOBAHHbIX
ITHP ouamempom 77 mm.

KiroueBble cjioBa: Mo:kapHbIii HANOPHBIN PyKaB, TKAHbI apMUPYIOLIUI Kapkac, pa3pbIBHOe
BHYTpPeHHee THAPaB/IMYecKoe JaBjieHue, reoMeTpuieckHe NMJI0THOCTH 110 OCHOBE U YTKY.

Introduction Kazakhstan. To do this, along with the availability

Pressure fire hoses (PFH) are one of the of equipment and production facilities, it is
main means of fire extinguishing. Structurally, important to develop and deepen the theory of
they are designed as lay-flat flexible piping calculation and design methods of PFH, which
systems on a woven basis with rubber layers will certainly be in demand when calculating,
(layer) and serve to supply fire-extinguishing designing and creating new types of high-tech
liquid (water and water solutions of foaming domestic PFH.
agents) under the pressure to a distance to the Materials and research methods
fire site. In relation to the PFH, the requirement It is important, both from scientific and
for their reliability and operability is extremely practical point of view, to investigate the
important, since the positive result in fire dependence of the PFH(Pressure fire
extinguishing directly depends on this, and as a hoses)strength on a number of parameters of
result, saved lives of people and property. their woven reinforcing frame [1,2]. Since the

In connection with the above, the priority is decisive characteristic of the PFH strength is
to establish its own production of new hightech their disruptive pressure, regulated by state
PFH on the territory of the Republic of standard 51049-97, it is advisable to establish
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the dependence of the disruptive pressure in the coefficients ’30 , B, , characterizing the
PFH on such parameters as the geometric

densities on the warp Ly and the weft L,,
breaking load of the weft threads Npea, hose
radius R, coefficients of vertical collapse of the

lengths of contact zones between threads in
fractions of diameters of the warp and the weft
threads. All these listed parameters according to
the formula affect the disruptive pressure value.
warp 1z and the weft 77y3 threads, diameters Based on the formula:

of the warp dy and the weft d, threads,

2N L
_ pasp™o
Ppayp =
10,2120 (d 1oy +d 1yp)?
RIL,(2L, = B,d,)+L,| 2(L> +(d, 7oy +d,ny)° )2 + yolon *d v )3 ~B,d,
(L2 +(d, 05 +d,03,)* )
the dependences of the internal disruptive warp and the weft threads of the woven
pressure in the PFH on the geometric densities on reinforcing frame of the latex PFH manufactured
the warp and the weft of its woven reinforcing by BEREG PA (production association) with a
frame were studied [3]. diameter of 77 mm, designed for the operating
Results and their discussion pressure of 1.6 H, are shown in accordance with
The dependences of the disruptive Figures 1 and 2.
pressures’ values on the geometric densities of the
Ppasp, MIMa Pbreak, H
5
4.5 \
4 \
3.5
3 T T T T T T 1 LDF MM

0,8 0,9 1 1,1 1,2 1,3 1.4 1,5

Figure 1 — The dependence of the disruptive pressure value ppasp on the geometric density on the warp Loof the
woven reinforcing frame of the latex PFHwith a diameter of 77 mm
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Figure 2 — The dependence of the disruptive pressure value pyreak On the geometric density on the weft Ly of the
woven reinforcing frame of the latex PFH with a diameter of 77 mm

Based on the analysis of the presented
dependences, it can be concluded that the
disruptive pressure of the latex PFHwith a
diameter of 77 mm substantially depends on the
geometric densities on the warp and the weft of
the woven reinforcing frame: with increase in the
geometric density on the warp Lyofrom 0.9 mm to
1.4 mm, the calculated disruptive pressure of the
fire hose fall from 4.820 H to 3.637 H (1.325
times); as the geometric density of the weft
Lyincreases from 2.1 mm to 2.7 mm, the
calculated disruptive pressure of the fire hose
decreases from 4.7 H to 3.666 H (1.282 times).

The revealed pattern of decreasing the
disruptive pressure of the fire hose with increase
in the geometric densities on the warp and weft
of the woven reinforcing frame of the PFH can
be explained as follows. In accordance with
Figure 2.1 (a), the weft thread segment under
consideration has a load from the hydraulic
pressure inside the PFH acting on a strip with
the length 2Loand with the width Ly, and in
accordance with Figure 2.1 (b), the warp thread
segment under consideration has a load from the
hydraulic pressure inside the PFH acting on a
strip with the length 2Ly and with the width Lo.
With increase in the geometric densities on the
warp and the weft Lo and Ly of the woven
reinforcing frame of the PFH, the areas of these
strips increase, and, consequently, the loads
falling on the considered thread segments
increase. In this case, with the constant
disruptive strength of the weft thread, the break
of the considered weft thread segment will
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occur at a lower value of the hydraulic pressure
of the extinguishing liquid inside the fire hose.

Thus, the increase in the geometric
densities on the warp and the weft of the woven
reinforcing frame of the latex PFH leads to the
decrease in the disruptive pressure, i.e. to the
decrease in its strength characteristics under the
hydraulic action. And vice versa, the decrease in
the geometric densities on the warp and the weft
of the woven reinforcing frame of the fire hose
leads to the increase in the disruptive pressure,
i.e. to the increase in its strength characteristics
under the hydraulic action. A similar conclusion
was made by the author of [4], however a
different formula was used to confirm it,
characterizing the dependence of the disruptive
pressure in the PFH on the woven parameters of
its reinforcing frame. This formula, as already
noted above, does not take into account such
features of interaction of threads in the woven
reinforcing frame of the hose, as experimentally
found values of the coefficients of vertical
collapse of the threads, the real lengths of the
contact zones between the threads, the real
shapes of the deformed axis of the threads.

It is important to consider the significant
dependence of the disruptive pressure on the
geometric densities of the warp and the weft of
the woven reinforcing frame when designing
new fire hoses. It is necessary to agree with the
author’s conclusion [4] that decreasing the
geometric densities of the warp and the weft
threads of the woven reinforcing frame (if there
are technological capabilities for this) seems to
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be the most effective way to increase the
strength characteristics of the PFHunder the
hydraulic  action.However, the following
conclusion of the author [4,5] on decreasing the
cost of raw materials in the PFHmanufacture, if
produce from threads of lower linear density
more dense on the warp and the weft fabrics of
the reinforcing frames of the PFH, while
maintaining the strength characteristics of the
threads, it is not obvious and requires
confirmation. And this is due to the fact that in
the manufacture of denser fabrics, the thread
consumption increases, and a slight decrease in
the linear density of the threads may not
compensate for this increase.

Now, let’s make recommendations on the
optimal choice of the geometric densities on the
warp and the weft for the PFH of BEREG PA
with a diameter of 77 mm. According to state
standart 51049-97, the minimum disruptive
pressure for the PFH with a diameter of 77 mm
must not be lower than 3.5 H. The actual
experimental disruptive pressure for the PFH by
BEREG PA with a diameter of 77 mm was 4.2
H. Therefore, the excess of experimental values
over the minimum requirements of state standart
is 20%.The latter means that the geometric
density on the weft according to the diagram in
accordance with Figure 4.2 can be increased to
2.8 mm, which will just provide the minimum
value for the disruptive pressure regulated by
state standart in 3.5 H. However, we consider it
appropriate to maintain a certain margin of the
disruptive  pressure, and therefore we
recommend the value of the geometric density
on the weft — 2.7 mm. The approximate value of
the disruptive pressure in 3.67 H will
correspond to this value of 2.7 mm according to
the diagram in accordance with Figure 2.With
the recommended geometric density, a
noticeable decrease in the material consumption
of the hose will occur. Our recommendation is
valid if all other parameters of the woven
reinforcing frame remain unchanged.

As for the optimal choice of the
geometric density on the warp, according to the
diagram in accordance with Figure 1, the value
of this parameter should be recommended as 1.4
mm. The disruptive pressure of approximately

25

3.65 H (slightly higher than the state standart
requirement) will correspond to this value,
however with a noticeable decrease in the
material consumption of the hose.

Conclusions

As a result of the study, it was found that the
disruptive pressure of the PFH substantially
depends on the geometric densities on the warp and
the weft of the woven reinforcing frame (with the
increase in the geometric densities, the calculated
disruptive pressure of the PFH decreases, and,
conversely, with the decrease in the geometric
densities, the disruptive pressure increases).
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