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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:

2N-burst Ls
p-burst =

-

0.212 Eg'{ffsffcs—firfhﬂ :

R:::I'"{Hs _f?rsrfsj_i[’s ] L”:+{ffs'?‘fﬂ5_di‘f'rﬁ:5“): |£ -

—-Ad, ||
[ L Hdpos+d, 1) P |
where in R- radius fire hose; L,, L, - geometrical density respectively to FPH base and weft of reinforcing
cage; do, dy, Mg, Nyp- respectively the diameters of the warp and weft reinforcing cage fire hose threads
and the coefficients of the vertical buckling threads; By, 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).

p-burst, MPa
5

4,5

3.5

3
Lg, pam

0.8 0.9 1 11 12 13 14 15

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.

XK.Y. MblpanILIKOBl, C.T. CTel‘[aHOBz, A. E. ApmlﬁaeBa3,
P.T. Ka.ﬂz[mﬁaeBS, M. H. Caraes'

I«SILKWAY» Xanprkapaislk yHuBepcuteri, llIsivkent, Kazakcran;
2MBAHOBO MEMIIEKETTIK MOJUTEXHUKAJIBIK YHUBEpCcHUTET1, iBaHOBO, Peceii;
*M. OyesoB areiaars OHTycTik Kasakcran MemiekeTTik yuusepeureri, Illsivkent, Kasakcran

OPTKE CY CEBETIH TYTIK KbICBIMbIH APTTBIPY JJAFbI
BACTBI BAFBITTAPABI TAJIJIAY

Annotanusi. KeIcbIMIBI 6pTKE Cy Ce0€TiH TYTIK — Teric Hiirim KyObIp sKoaaapbl KeOIKTEHAIPETIH Cy XKoHE CY
epITIHAINEPiH OpT OIIaFbIHA KHICHIM JKacaliFaH KAaIIBIKTHIKKA JKETKi3y VINiH KONTaHbUTAAbl. KBICEIMIBI TYTIKTEpIiH
CEHIMIUTIT MEeH XYMBIC KaOIIeTTUTiriHe KOMBUIATHIH Tajal oTe MaHBI3Ibl, OUTKEHI OpTTI COHMIPYIIH OH HOTIDKECI
OFaH Tikenel OalaHBICTHI. OpTKE Cy ce0eTiH TYTIKTiH MaHBI3ABI MapaMeTpiepiHiH Oipi — IMKi KBICBIM dcepiHeH
IIJTAHTTHIH JKOWBLIYFa Kapchl TYpy KaOIJIETTUINH CHUIATTaWTBIH KapbUIAThIH iIKI KbIChIM. OCbIFaH OaillaHbICTHI
THJIb3aJIap/IbIH JKapPbLTy KBICHIMBIH KOFaPbUIATY KOJIAPBIH Talliay MaHbI3/Ibl. OpTKe Cy ce0eTiH TYTIK KyObIpaarbl
Y311y KbICBIMBIHBIH OJIApJIbIH TOKBUIFAH apMHPIICHICH KaHKa OJIIIeMIepiHe aBTopap OYphIH alibIHFAH TOYENIUTIKKe
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CYileHe OTBIPBIN, OChl TEXHHKAIBIK OYHBIMHBIH Y31y KBICHIMBIH JKOFAapbUIATYABIH HETi3rl JKOJapblHA Taiiay
KYPrizai. OpTke cy ceOeTiH TYTiK KYOBIpIBIH apMUPIICHIN TOKBUTFaH KaHKA ©JIIEM/IEpPiHiH IMKi Y31y KBICBIMBIHBIH
IraMacelHa ocepiH Oaramay ymiiH 3eprrey oObekrici peringe 10 «BEPED» (Peceit) enmipiciHiH mommadupi
KINTEpAeH jkacanraH >koHe 1,6 Mma KyMBIC KBICHIMBIHA €CENTENreH AuaMeTpl 77 MM JIaTeKCTeNTeH OpTKe Cy
ce0eTiH TYTiK KyObIp Tanian anbiHbl. JKypri3uireH 3eprreyliep y3ily KbIChIMbI K€H J9pexele apKay KiOiHIH y3u1y
KyLliHe, cy ceOy KYOBIPBIHBIH paliychlHa, apMHUpPICHI€H KaHKa TOKBIMACHIHBIH HEri3 jKoHE apKay OOoWbIHIIA
T€OMETPHSUIBIK THIFBI3/IBIFbIHA OaliIaHbICTBI OOJIBIN KEJIETIHIITH KopceTTi. ApKay JKINTepiHiH y3Uly KyLli Imamackl-
HBIH ocyl (TeMeH/ieyi) apKbUIbl OpTKEe Cy ce0eTiH TYTIK KYOBIPBIHBIH aXbIpay KbICHIMBI (SIFHH, Cy CEOETiH TYTIriHiH
OepiKTiri) ChI3BIKTHIK 3aHbl OoOibIHINA apransl (TemeHxeini). Ocbulaiiiia cy ceOeTiH TYTIK KYOBIpbl KejJeHEeH
KMMAacChIHBIH TOMEH/IEY1 Heri3iHae KyJlaMaJbIK CHIIAaThl ©ce/i. APMHUPIIEHIeH KaHKa TOKBIMAChIHBIH HETi3 )KoHe apKay
OOMBIHIIIA TEOMETPHSUIBIK THIFBI3JIBIFBIHBIH OCYyl (TOMeH/eyl) epTKe ¢y ce0eTiH TYTIK KyOBIpbIH Y3UIy KbICHIMBIHBIH
TeMeHJieyiHe (ecyiHe) okeseai. Imki y3iny KbICHIMBIHBIH apKay KINTEepiHIH Y31y KyIIiHe, TYTIKIIe KYOBIPIBIH
paIMychlHa, apMHUpPJICHICH KaHKA TOKBIMACBHIHBIH Heri3 O¢H apkay OOWMbBIHINA I'€OMETPHSUIBIK THIFBI3IBIFBIHA aca
TOyeni OONMaTHIHABIFBIH XKaHa OPTKE Cy CeOeTIH TYTIK KYOBIPIBI xKo0aay Ke3iHIe eCelKe alFaH JKOH.

Tyiiin ce3mep: epTke cy ceOeTiH TYTIKTI KYOBIp, apMHpPJICHTEH KaHKa, MOMMI(UPI KIiITep, iMIKi axsIipay
KBICBIMB.

XK.Y. Mblpxam,monl, C.T. CTeHaHOBz, A.E. ApmlﬁaeBa3,
P.T. KamlblﬁaeBS, M. H. Caraes'
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AHAJIN3 OCHOBHBIX HATIPABJIEHU I ITOBBIILIEHU A
PA3PBIBHBIX JIABJIEHUI HAIIOPHBIX ITOKAPHBIX PYKABOB

Annotanusi. HaopHble noxapHble pykaBa — IUNIOCKO CBOpayMBaeMble THOKHE TPYOOIIPOBO/IbI, IPUMEHIEMbIE
JUIsl TIOAa49X BOJBI M BOJIHBIX PAacTBOPOB IEHOOOpa3oBaTenell Ha paccTOSHUE I0]] JIaBJICHHEM K odary roskapa. [1o
OTHOUIEHHIO K HAlOpHBIM IIOXKapHBIM pyKaBaM 4Ype3BbIYAHO BaXHO TpeOOBaHME K WX HAASKHOCTH U
paboTOCHOCOOHOCTH, TaK KaK OT 3TOTO HAIPSIMYIO 3aBHCUT IOJIOKUTEIBHBIA pe3yNbTaT IPH TYILIEHHH I10KapoB.
OnHMM U3 BaKHEMINNX MapaMeTpOB HANOPHBIX MOKAPHBIX PYKABOB SIBJISETCS pa3pbIBHOE BHYTPEHHEE AABICHUE,
XapaKTepHU3YIOIIe MPOYHOCTh, T.€. CIOCOOHOCTh PyKaBa COIPOTUBISATHCS Pa3pyIICHHIO 1MOJ ACHCTBUEM BHYTPEH-
HEro T'MIpaBIMUYECKOrO AaBIECHUS. B CBS3U ¢ 3TMM Ba)kKHO MPOAHAIHM3UPOBATh IIyTU MOBBIIIEHUS Pa3pbIBHBIX JaBJe-
Huil pykaBoB. Ha 0CHOBe paHee Moyy4eHHON aBTOpPaMU 3aBUCUMOCTH Pa3phIBHBIX JABJICHUN B MOKAPHBIX HATOPHBIX
pyKaBax OT MapaMeTpOB HUX TKAHOIO apMUPYIOILEro KapKaca BBIIOJIHEH AaHAlIW3 OCHOBHBIX IyTEH IMOBBILICHUS
Pa3pbIBHBIX JABICHHUN 3TUX TEXHMUYECKHX M3Jenui. [l OLEHKM BIMSHUSA MapaMeTPOB TKAHOTO apMUPYIOILEro
KapKaca pyKaBoB Ha BEJIMYMHY BHYTPEHHEIO pa3pbIBHOTO JaBJICHHS B Ka4eCTBE 00bEKTa NCCIIeJ0BaHUs OblT BHIOpaH
JIATeKCUPOBAHHBIA HAITOPHBINA MOXapHbIH pyKkaB nuameTpoM 77 MM npousBonctsa [10 «BEPEI» (Poccust), n3roros-
JICHHBIN M3 NOJIMA(QUPHBIX HUTEH M paccyMTaHHBIA Ha pabouee nasienue 1,6 MIla. IIpoBenenHoe nccienoBaHue
MIOKa3aio, YTO B HAaWOOJIbILECH CTENEHH pa3pbIBHBIC JABIECHHS 3aBUCIT OT Pa3pbhIBHBIX YCWINH YTOYHBIX HUTEH,
paanycoB PyKaBOB, FEOMETPUUECKUX MJIOTHOCTEH [0 OCHOBE U YTKY TKaHU apMHUpYyroliero kapkaca. C yBenudeHueM
(yMeHbIIEHHEM) BEJIMYMHBI PAa3pBIBHOTO YCHIIMS YTOUHBIX HUTEH pa3pbIBHOE JABJIECHHE B IOXKAPHBIX HAITOPHBIX
pykaBax (To ecThb (haKTHUECKH, NMPOYHOCTH PYKaBOB) Bo3pacraeT (IajgaeT) 1o JMHEHHoMYy 3akony. Ilpm atom c
YMEHBIIEHHEM JUAMETPOB IONEPEUHBIX CEUYEHUM pPYyKaBOB KPYTU3HA XAapaKTEPUCTHK BO3PACTAET. YBEJIUYECHUE
(yMeHbIIEHHE) T€OMETPUYECKHX IUIOTHOCTEH II0 OCHOBE M YTKY TKAaHM apMHpPYIOIIEro Kapkaca IpPHUBOJIUT K
YMEHBILIECHNIO (YBEIMUYCHHUIO) PAa3pPhIBHOTO JABJICHHS MOXXAPHBIX HAIOPHBIX pykaBoB. CylIeCTBEHHYIO 3aBHCUMOCTb
BHYTPEHHETO Pa3pbIBHOIO JABJIECHUS OT Pa3pbIBHBIX YCUIMH yTOUHBIX HUTEH, paJlyCcoOB PyKaBOB, F€OMETPUUECKHUX
IUIOTHOCTEH 1O OCHOBE M YTKYy TKaHHM apMHPYIOLIEr0 KapKaca Ba)KHO YYMTBIBATh MpPHU NPOEKTUPOBAHUU HOBBIX
MOKapHBIX PYKABOB.

KioueBble cjioBa: HamopHbIH MOXApPHBIA pyKaB, apMUPYIOLIMH Kapkac, MoJIu3(GHUpHbIE HUTH, BHyTPEHHEE
pa3pbIBHOE aBJICHUE.
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