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ANALYSIS OF THE BASIC DIRECTIONS
OF FIRE HOSES RUPTURE PRESSURES INCREASING

Abstract. The analysis of the main ways to increase the rupture pressure of these technical products was made
based on the rupture pressures dependence in fire pressure hoses from the parameters of their woven reinforcing
frame previously obtained by the authors. From a scientific and practical point of view, the main directions for
increasing the bursting internal pressures in the FPH (Fire pressure hoses) are identified and analyzed. The developed
methodology for calculating and designing of FPH is based on a relationship connecting internal hydraulic pressure
p-burst with a breaking load N-burst in the weft thread and a number of other parameters.

To assess the influence of the parameters of the FPH woven reinforcing framework on the value of the internal
bursting pressure, the latex FPH with a diameter of 77 mm manufactured by BEREG (Russia) made of polyester
yarns and designed for a working pressure of 1.6 MPa, was chosen as the object of study.

The dependences of the bursting pressures values on the bursting strength of weft threads of FPH woven
reinforcing frameworks, designed for a working pressure of 1.6 MPa, for various diameters of the arms cross sections
are obtained. The influence of geometric densities on the basis and weft of the woven reinforcing frame on the value
of internal burst pressure in the FPH is investigated.

When calculating the FPH strength under the action of internal hydraulic pressure, the effect on the value of the
burst pressure in latex FPH manufactured by BEREG (Russia), designed for a working pressure of 1.6 MPa, such
parameters as sleeve radius, geometric densities of base and weft was studied. When designing and creating new
types of FPH, it is necessary to take into account the influence of these parameters on the burst pressure value.

Key words: pressure fire hose, reinforcing cage, polyester threads, internal rupture pressure.

Introduction. Fire pressure hoses (FPH) - one of the main means of extinguishing fires. Structurally,
they are designed as flat-wound flexible piping systems on a fabric basis with rubber layers (layer) and
serve to supply extinguishing liquid (water and aqueous foaming agents) under pressure at a distance to
the fire site. In relation to the FPH, the requirement for their reliability and performance is extremely
important, since the positive result in extinguishing fires directly depends on this, and as a result, the lives
of people and property saved.

Due to the lack of its own enterprises for the production of FPH, the Republic of Kazakhstan
purchases these products from foreign manufacturers.

The importance of purchases of FPH by Kazakhstan is explained not only by the fact that a
significant part of the country belongs to the arid climate zone, but also by the fact that they become
strategic in the event of emergencies associated with the occurrence of large fires in the country.

In order to reduce dependence on supplies of FPH from abroad, it is necessary to create our own
production of new high-tech FPH in Kazakhstan. To achieve this goal, it is not enough just to have
technology, production sites with equipment, and it is important to have our own scientific school in the
field of theory, research, calculation and design of high-tech FPH. In this regard, in our opinion, it is of
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considerable scientific and practical interest to analyze the main directions of increasing the strength
characteristics of the FPH - their burst pressures.

An indispensable part of the device of any type of FPH is a woven reinforcing frame (WRF), fully
absorbing the forces from the fluid pressure inside the fire hose, when it comes to non-rubberized FPHs,
and to a decisive extent, in the case of rubberized, latexed and double-sided FPHs. Structurally, the
frameworks of most of the FPH are seamless single-layer woven plain weave shells made on round looms.
Along its circumference of the FPH are weft threads, mutually interwoven with warp threads located along
the length of the FPH.

Most often, FPH WRF is made from polyester yarns based on polyethylene terephthalate (PET)

The calculation of the strength of the WRF is reduced mainly to the calculation of the strength of
their reinforcing frames.

To date, on the basis of the nonlinear theory of calculating single-layer plain weave fabrics [1,2] we
have developed the basic theoretical provisions [3-6], the calculation and design technique for
commissioning [7,8], and a set of experimental studies has been carried out on the calculation of the
strength of the FPH with hydraulic effects [3]. The developed methodology for calculating and designing
FPH is based on the obtained dependence of the bursting internal hydraulic pressure a weft thread Nrupt
and a number of other parameters of the reinforcing frame, having the form:
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where in R- radius fire hose; L,, L, - geometrical density respectively to FPH base and weft of reinforcing
cage; do, dy, Mog, 1y5- respectively the diameters of the warp and weft reinforcing cage fire hose threads
and the coefficients of the vertical buckling threads; j,, B, - coefficients characterizing the lengths of the
zones of contact between the threads in WRF in fractions of the diameters of the warp and weft threads.

The rupture pressure characterizes the strength of the FPH, i.e., the ability of FPH WRF to resist
rupture under the influence of internal hydraulic pressure. GOST R 51049-97 (Russia) [9] sets the values
of bursting pressures for all types and diameters of the FPH. All FPHs manufactured at enterprises of the
Russian Federation and operated in Kazakhstan must necessarily comply with this GOST for bursting
pressures.

Let us analyze the main directions of increasing explosive internal pressures in the FPH. For this
purpose, we take as an object of study latex FPH with a diameter of 77 mm produced by BEREG
Production Association (Russia), made of polyester yarns based on polyethylene terephthalate (PET) and
designed for a working pressure of 1.6 MPa.

An analysis of the dependence of the bursting internal pressures in the FPH on the parameters of their
woven reinforcing cage, based on formula.

In this case, the initial parameters of the FPH WRF necessary for such a study were determined using
the methods described in [3].

The structure of formula is such that the burst pressure of the fire hose is directly and inversely
proportional to the bursting force of the weft threads and the radius of the FPH. With an increase
(decrease) in the breaking strength of the weft threads, the breaking pressure in the FPH (that is, in fact,
the strength of the fire hose) increases (falls) according to a linear law. The dependences of the burst
pressures on the bursting forces of the FPH WRF weft threads, designed for a working pressure of
1.6 MPa, for various diameters of the cross sections of the arms are shown in figure 1.

From the analysis of the graphs it follows that with a decrease in the diameters of the FPH cross
sections, the steepness of the characteristics increases.

In general, based on an analysis of formula, it be concluded that with a decrease (increase) in the
radius of the fire hose, its rupture pressure increases (falls).

An increase in the breaking strength of weft threads FPH WREF is one of the directions for increasing
the strength characteristics of FPH. This direction can be implemented in two possible ways.
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Figure 1 — The dependence of the rupture pressure p-burst on the breaking stress
of the weft yarn of the FPH woven reinforcing frames at “BEREG” of different diameters:
1 - for the diameter of 51 mm; 2 - for the diameter of 66 mm:; 3 - for the diameter
of 77 mm; 4 - for the diameter of 89 mm; 5 - for the diameter of 150 mm

However, this path will lead to an increase in material consumption and weight of the FPH. The
second method, in our opinion, is more acceptable, is that instead of traditional polyester threads, high-
strength and wear-resistant threads, for example, ultra-high modulus (UHM) threads, or threads of ultra-
high molecular weight polyethylene (UHMWPE) can be used as weft in the FPH was.

The first method consists in the fact that such weaving materials can be washed using such traditional
materials for the production of such FPH WREF, such as, for example, polyester yarns.

But in this case, to increase the strength of the fire hose, it is necessary to use as weft threads of a
larger diameter (greater linear density) and, accordingly, with a greater rupter strength. However, this path
will lead to an increase in material consumption and weight of the FPH. The second method, in our
opinion, is more acceptable, is that instead of traditional polyester threads, high-strength and wear-
resistant threads, for example, ultra-high modulus (UHM) threads, or threads of ultra-high molecular
weight polyethylene (UHMWPE) can be used as weft.

Based on formula, the influence of geometric densities on the base and weft of the woven reinforcing
cage on the value of internal burst pressure studied (figure 2, 3).
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Figure 2 — The dependence of the rupture pressure p-burst from the geometric density
on the basis of L, fabric of FPH latex reinforcing frame MG “Bereg” with diameter of 77 mm
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Figure 3 — The dependence of the burst pressure p-burst from the geometric density
of the weft L, of the fabric of FPH Latex reinforcing frame MG "BEREG" with diameter of 77 mm

The analysis of the presented dependences shows that the burst pressure in the FPH substantially
depends on the geometric densities of the base and weft of the reinforcing cage fabric. An increase
(decrease) in the geometric densities of the fabric of such a FPH results in a decrease. It is important to
consider the significant dependence of the bursting pressure on the bursting forces of weft threads, sleeve
radii, geometric densities on the warp and weft of the fabric FPH WRF when designing new hoses.
Reducing the geometric densities of the warp and weft of WRF threads (if there are technological
capabilities for this), along with an increase in the breaking strength of the weft threads, seems the most
effective way of increasing the strength characteristics of the FPH under hydraulic action.

Conclusion. On the basis of the obtained formula for calculating the FPH strength under the action of
internal hydraulic pressure, the effect on the value of the rupture pressure in the latex FPH produced by
Bereg Production Association (Russia), designed for a working pressure of 1.6 MPa, parameters such as
the breaking stress threads, the radius of the sleeve and the geometric density at the base and weft.

The influence of these parameters on the value of the rupture pressure turned out to be the most
significant, which must be taken into account when designing and creating new types of FPH.

Current study was carried out in the framework of the project AP05133582 “Development of
methods for calculating and designing woven reinforcing frames for fire hoses with the aim of creating
new high-tech samples of these technical products,” funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
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OPTKE CY CEBETIH TYTIK KbICBIMBIH APTTBIPYJATBI
BACTbBI BATBITTAPABI TAJIJAY

AnHoTanus. KpICeIMIBI 6pTKe cy ceOeTiH TYTiK — Teric Uinrim KyObIp jKonaapel KeOIKTEHAIPETIH Cy XKoHE Cy
epiTIHAINEPiH OpT OIIaFbIHA KBICHIM JKacaJfaH KAaIIBIKTBIKKA XKETKi3y YIIiH KoJIgaHbUIaabl. KpICBIMABI TYTIKTEpAiH
CEHIMJITIrT MEH XKYMBIC KaOUIeTTUIIriHE KOMBIIATHIH TaJlall ©T¢ MaHBI3/Ibl, OUTKEHI OPTTI COHMIPYIIH OH HOTHXECI
OFaH Tikenel OailaHBICTBI. OpTKe Ccy ceOeTiH TYTIKTiH MaHBI3/AbI apaMeTpiiepiHiH Oipi — iMKi KBICBIM dcepiHeH
IUTAHTTHIH JKOMBUTYFa Kapchl TYpy KaOUTETTUIIriH CHOATTANTBIH JKapbUIATHIH 1MIKi KbICBIM. OCBIFaH OaiIaHBICTHI
T'MJIb3aJIap IbIH JKapblly KbICHIMBIH JKOFaphLIaTy JKOJIAPhIH Tajlay MaHbI3/Ibl. OpTKe Cy ce0eTiH TYTIK KYObIpAarbl
Y311y KbICBIMBIHBIH OJIap/IblH TOKBIIFAH apMUPJICHI€H KaHKa eJIleM/IepiHe aBTopiap OypbIH albIHFaH TOYEJIUIIKKE
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CYHEeHEe OTBIPBII, OChl TEXHUKAJIBIK OYWBIMHBIH Y311y KBICBIMBIH JKOFapbUIATYABIH HETi3ri JKOJIAAapblHA Talljay
KYprizai. OpTke cy ceOeTiH TYTIK KYOBIpAbIH apMUPJICHIN TOKBUIFAaH KaHKA OJIILEeM/IEPIiHiH iIIKi Y311y KbICBIMBIHBIH
mamacblHa ocepiH Oaranay yurH 3eprrey oObektici perinpe IO «BEPEI» (Peceit) ewaipiciHiH momuagupii
XKINTep/ieH KacaiFaH >koHe 1,6 Mna >KYMBIC KbICBIMBIHA E€CENTENIeH IUaMeTpl 77 MM JIaTEKCTENI'eH OpTKE Cy
ce0eTiH TYTIK KyObIp TaHAamn anblHABL. JKYpri3iiareH 3epTreysep Y3Uly KbICHIMBI KeH JIopexesae apKay KiOiHiH y3ury
KymriHe, cy ceOy KYOBIpBIHBIH paIWyChlHAa, apMHUPJICHICH KaHKAa TOKBIMACHIHBIH HETI3 JKOHE apKay OOWBIHIIA
TCOMETPHSIIBIK THIFBI3BIFBIHA OalIaHBICTHI OOJBIN KEICTIHAITIH KOPCEeTTi. ApKay JKINTEepiHiH Y3UIy KYIIi IIaMachl-
HBIH 6Cyi (TeMeH/eyi) apKbUIbl OpTKE Cy CeOCTiH TYTiK KYOBIPBIHBIH a)KbIpay KBICBIMBI (SIFHH, Cy ceOeTiH TYTITiHIH
OepikTiri) CHI3BIKTHIK 3aHBI OOWBIHINA apTangsl (TemeHneiini). Ocpumaiima cy ceOeTiH TYTIK KYOBIPHI KeJJeHEH
KUMaCBHIHBIH TOMEH/ICY1 HeTi31HAe KyYIaMalbIK CHIATHI oceli. ApMUPIICHIeH KaHKa TOKBIMACBIHBIH HETi3 JKOHE apKay
OOMBIHIIIA TEOMETPHUSUIBIK THIFBI3IBIFBIHBIH 6CYyl (TOMEHCY1) OpTKE Cy CeOETiH TYTIK KYOBIPIBIH Y3UIy KBICHIMBIHBIH
TeMeHJieyiHe (ecyiHe) okeneni. Imiki y3ily KbICBIMBIHBIH apKay >KINTEPiHIH y3UTy KYILIiHE, TYTIKIIE KyOBIPIBIH
panuychlHa, apMUpJIEHTeH KaHKa TOKBIMACHIHBIH Heri3 OeH apkay OOWBIHIIA I'€OMETPHUSUIBIK THIFBI3JIBIFBIHA aca
Toyeszl OONATHIHBIFEIH j)KaHa OPTKE Cy Ce0eTiH TYTIK KyOBIpIbI s)k00aay Ke3iH/e ecelke ajlFaH jKoH.

Tyiiin ce3mep: eprke cy cebeTiH TYTIKTI KyObIp, apMUpJIEHTeH KaHKa, MOoJMd(UpIl KinTep, IMIKi aXbipay
KBICHIMBI.
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AHAJIN3 OCHOBHBIX HAIIPABJIEHU IMOBBIIIEHUSI
PA3PBIBHBIX JTABJIEHUI HAIIOPHBIX MOKAPHBIX PYKABOB

AnHoTanus. HamopHsle mojkapHble pykaBa — INIOCKO CBOpayMBaeMble THOKHE TPYOOIPOBOIBI, TPUMEHIEMBIE
JUIS TIOZIa4X BOJABI M BOJHBIX PACTBOPOB NEHOOOpa3oBaTenel Ha pacCTOSIHUE IO JaBlICHHEM K odary moxapa. Ilo
OTHOWICHWIO K HANOPHBIM MOXKapHBIM pyKaBaM Ype3BBIYAMHO BaXHO TpeOOBaHME K WX HAJEKHOCTH U
paboTOCIOCOOHOCTH, TaK KaK OT ITOTO HAMPSIMYIO 3aBHCHUT IIOJIOKHUTENBHBIA pe3ynbTaT MpU TYIIEHHH I0XKapoB.
OmHMM U3 BOXKHEWIINX MapaMeTpPOB HAMOPHBIX IMOXKApHBIX PYKAaBOB SIBIISETCS Pa3phIBHOE BHYTPEHHEE JaBJICHUE,
XapaKTepU3yIoIie MPOYHOCTh, T.€. CIIOCOOHOCTh PyKaBa COMPOTHUBIIATHCS Pa3pyLICHHUIO MOJ NEHCTBHEM BHYTpPEH-
HETO THPABIMYECKOTO JABIEHUS. B CBSI3HM C 3TMM Ba)KHO NMPOAHATU3UPOBATH ITyTH HOBBIIICHUS Pa3pBIBHBIX JaBIIe-
Huil pykaBoB. Ha ocHOBe paHee MonyueHHOH aBTOpaMu 3aBUCHUMOCTH Pa3phIBHBIX JABJICHUN B MOXAPHBIX HAITOPHBIX
pyKaBax OT MapaMeTpOB HX TKAHOT'O apMHUPYIONIIETO KapKaca BBIMOJHEH aHAlIW3 OCHOBHBIX IYTEH IMOBBIIICHUS
Pa3pBIBHBIX JAABICHUH 3THUX TEXHMYECKHX M3Jenuid. IS OIEHKH BJIMAHHUS NapaMeTpOB TKAHOI'O apMHUPYIOLIETO
KapKaca pyKaBOB Ha BEJIMYMHY BHYTPEHHETO Pa3pbIBHOTO JIABJICHUS B KAYeCTBE 00BEKTA UCCIIEJOBaHMs ObLI BEIOpaH
JIATeKCHPOBAHHBIN HATOPHBIN MOXAPHBIN pykaB auamerpoM 77 mm npousBojcTsa I1O «BEPEI (Poccust), n3roros-
JICHHBIN M3 NONMA(UPHBIX HUTEH M paccuMTaHHbI Ha pabovee nasnenue 1,6 MIla. IIpoBeneHHoe KccienoBaHue
MOKa3aio, YTO B HAMOONBIIEH CTEIICHHW pa3pbIBHBIC JABICHHS 3aBHCAT OT PA3pBIBHBIX YCWIIMH yTOYHBIX HHTEH,
paanycoB PyKaBOB, TEOMETPHUECKUX IUIOTHOCTEH MO0 OCHOBE M YTKY TKaHU apMHUpYIOIIero kapkaca. C yBelIndeHueM
(YMeHbIIEHHEM) BEJIMYMHBI PA3pBIBHOTO YCHIIMS YTOYHBIX HHUTEH pPa3phIBHOE NABICHHE B IOXKAPHBIX HATIOPHBIX
pykaBax (TO ecTh (paKTHUYECKH, MPOYHOCTH PYKABOB) BO3pacTaeT (majaeT) mo JuHEiHOMYy 3akoHy. [Ipm 3Tom c
YMCHBIICHHEM TUAMETPOB TIIONEPEUHBIX CEUEHHH pPYKaBOB KPYTH3HA XapPaKTEPUCTHK BO3pPACTAaeT. YBEIWYECHHE
(YMeHbIIEHHE) TEOMETPHUYECKHX IUIOTHOCTEH IO OCHOBE M YTKY TKaHHM apMHUPYIOIIEro Kapkaca NIPUBOIUT K
YMEHBIICHNIO (YBEIMYCHHIO) Pa3pBIBHOTO AABJICHHS MOXAPHBIX HATIOPHBIX pyKaBoB. CyIIECTBEHHYIO 3aBHCHMOCTH
BHYTPEHHETO Pa3pBIBHOTO JABJICHHUS OT Pa3phIBHBIX YCWIMH yTOYHBIX HUTEH, PAIHyCOB PYKaBOB, F€OMETPHUECKUX
IUIOTHOCTEH 10 OCHOBE M YTKY TKaHH apMHUPYIONIIETO KapKaca BaKHO YYHTHIBATH IIPH NPOEKTUPOBAHWH HOBBIX
MTO’KapHBIX PyKaBOB.

KiroueBble cjioBa: HAOPHBIA MOXKapHBIM PyKaB, apMHUpPYIOIIMH Kapkac, MoIuM3(HpHBIE HUTH, BHyTpEHHEE
pa3phIBHOE JIaBJICHHE.
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