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WAYS FOR IMPROVEMENT OF STRENGTH
CHARACTERISTICS OF A FIRE PRESSURE HOSE

Abstract. A fire hose is a pipeline for transportation of fire extinguishing agents, equipped by special joints.
One of the key qualities of a fire hose is flexibility. Therefore fire hoses are made from a special fabric, consisting of
natural or synthetic fibers. Pressure hoses with reinforcing frame from synthetic fibers have some design options
such as rubberized fire pressure hoses, latex fire pressure hoses, with differential coating, meant for pressure in
3,0MPa. On the exterior, for protection from negative factors and damages, the hose may be equipped by a rubber
coating. The fire pressure hoses are one of the main types of fire-extinguishing equipment and successful and fast
fire extinguishing to a large extent depends on their accuracy. Our paper shows results of investigations on possi-
bility to improve strength indexes of the fire pressure hoses by means of double rubberizing of the hoses made from
synthetic fibers. We developed a special formulation of the rubber compound, allowing work out strength characte-
ristics of the fire pressure hoses. The fabric hose rubberizing will also allow to protect the fire pressure hose from
harmful environmental load and extend service life of the product.

Key words: fire hose, pressure hose, reinforcing frame, natural and synthetic fibers, rubber layer, hydraulic
pressure.

Introduction. A fire hose is a pipeline for transportation of fire extinguishing agents, equipped by
special joints. One of the key qualities of a fire hose is flexibility. Therefore fire hoses are made from a
special fabric, consisting of natural or synthetic fibers. Pressure hoses from natural fibers have limited
application [1]. Dry clean linen hoses are comparatively light, and their rolls are compact. When supplying
water through such hoses, the exterior surface of the case fabric is wetted owing to water percolation
through the case walls (percolation). That rises thermal resistance of the linen hoses in conditions of fires.
However, high tendency of the linen hoses to sour processes, heavy hydraulic losses, as well as complex
exploitation in conditions of low temperatures limit area of their application on mobile fire-extinguishing
means [2, 3]. Pressure hoses with reinforcing frame from synthetic fibers have some design options such
as rubberized fire pressure hoses, latex fire pressure hoses, with differential coating, meant for pressure in
3,0MPa [4]. On the exterior, for protection from negative factors and damages, the hose may be equipped
by a rubber coating [5]. The fire pressure hoses are one of the main types of fire-extinguishing equipment
and successful and fast fire extinguishing to a large extent depends on their accuracy.

The primary bearing element of the fire pressure hoses is the reinforcing frame, represented by woven
pressure shell. The woven reinforcing frame fully takes forces, conditioned by availability of liquid
pressure inside the fire hose.

Experimental part. Analysis of woven reinforcing frames’ structure of the used fire hoses showed
that they are single-texture cross-woven fabrics in most cases. At that core threads, which interweave with
weft threads, laid in a circle of the fire pressure hoses, are arranged along the length of the fire pressure
hoses. Therefore, calculation of the fire pressure hoses strength generally comes to calculation of strength
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of their woven reinforcing frame. The main strength index of the fire pressure hoses at the action of
internal hydraulic pressure of its liquid for fire extinguishing is disruptive pressure, at which the fire hose
breaks. The disruptive pressure values for all kinds of the fire pressure hoses are regulated by appropriate
the State of Standards.

Our paper shows results of investigations on possibility to improve strength indexes of the fire
pressure hoses by means of double rubberizing of the hoses made from synthetic fibers. As stated above
the natural fibers, particularly lint, have a number of engineering deficiencies, therefore we used the pres-
sure hoses with the reinforcing frame from synthetic fibers. Furthermore, the fabric frame from the
synthetic fibers has good adhesion to the rubber compound. We developed a special formulation of the
rubber compound, allowing to work out strength characteristics of the fire pressure hoses. The rubber
compound formulation has been developed on the basis of SKI-3 rubber with good elasticity and giving
high flexibility to the pressure hoses. The formulation also includes sulfur, polysulfur, the curing agents
and together with zinc white and stearic acid compose the cure system. The cure system in the curing
process gives high strength and elasticity to the rubber. Such components as sulfonamide M, acetone anil
R, diaphene FP and Phthalic anhydride are anti-ageing agents and protect the rubber and fabric frame
against destructive effect of sun rays, atmospheric oxygen, ozone and heat. ZVI wax migrating to the
surface of product when storing, also protects from environmental hazards. Such ingredients as octophor
NN and hydrocarbon resins are plasticizing agents, which improve processing properties of the rubber
compound and allow to enter the rubber compound between fibers and even inside the fibers, hence
improving the bonding strength between fabric of the frame and rubber, as well as between fibers of the
pressure hose. PN-6Sh oil is a plasticizer which increases plasticity of the compound and assists to the
equilibrium distribution of the components in the rubber improving quality of the rubber coating. Zeolite
is a mineral extender which increases fire-resisting property and thermal endurance of the rubber coating.
Technical carbon P 245 extender improves rubber strength [6, 7].

Result and its discussion. The rubber compound formulation is shown in Table 1.

Table 1 — The rubber compound formulation for rubberizing of the fabric hoses’ frames

Item Mass fraction per 100 mass fractions of the rubber
SKI-3 100
Sulfur 1,6-0
Polysulfur 0-1,3
Sulfonamide M 1,4
Phthalic anhydride 0,3
Zinc white 2.5
Stearic acid 2,0
Acetone anil R 1,2
Octophor NN 2,0
Hydrocarbon resins 4,0
ZVI1 wax 1,0
PN-6Sh oil 4,0
Diaphene FP 1,5
Technical carbon P 245 30,0
Zeolite 20,0

The rubber compound mixing was carried out in two stages. The temperature conditions met
technical regulations. The vulcanizing of the samples was carried out at a temperature of 155°C during 15
minutes. The ageing test was carried out in autoclave at a temperature of 393'K in flocculent environment,
at a pressure of 0,2MPa during 40 hours, and in similar conditions at constant irrigation by 5% NaCl water
during 8 hours. Results of physical and mechanical tests of the developed rubber compound are shown in
Table 2.
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Table 2 — Physical and mechanical properties of the rubbers for rubberizing of the fire pressure hoses

Item Indexes
Modulus at 300%, MPa 10,1
Nominal shearing strength, MPa 21,1
Elongation at break, % 525
Tear resistance, kKN/m 63
Resistance to repeated tension at elongation 200%, thousand cycles 6,1
Bonding strength by N-method, N 443

It is seen from the data of Table 2 that the developed rubber compound has high strength properties
that will allow to increase strength of the fire pressure hoses at the action of internal hydraulic pressure of
its liquid. The fabric hose rubberizing will also allow to protect the fire pressure hose from harmful
environmental load and extend service life of the product.

Further, we carried out experiments for determination of optimal thickness of rubber coating layer at
the rubberizing of the fire pressure hose [8-10].
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of the hose on the bonding strength of the fire pressure hose fibers

As it is seen from Figure by the results of experimental data, considerable increase in the strength
properties and bonding strength between the rubber and fabric hose at the coating thickness of 3 mm is

observed.
The following technical characteristics, Table 3, were defined after the tests of the rubberized hose.

Table 3 — Technical characteristics of the fire pressure hoses

) o Thickness of the rubber layer, mm
Ne Technical characteristics
1,5 3 5
1 Diameter nominal (DN)* of suction and delivery-suction hose 100 100 100
2 Minimal bend radius, mm 400 600 500
3 Working pressure of delivery-suction hoses, MPa (kg/cm?) About 1,0 (10,0)
4 | Vacuum gauge pressure, MPa (kg/cm?) Approximately 0,08 (0,8)
Working environment for suction and delivery-suction hoses of | Technical water, water (weak) solutions of
5 “B” class inorganic acids and alkali by concentration to 20%
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Conclusion. When using the rubber compound for the rubberizing of the hoses, encapsulation of each
fiber by the rubber compound occurs. That results in increase of bonds between the fibers and impro-
vement of strength of the fire pressure hoses at the action of internal hydraulic pressure.

The external rubber layers protect the hose from negative factors and damages. Such rubber layer
gives the hose necessary flexibility and keeps the strength. The tests showed that such pressure hose meets
the requirements of GOST 51049-97 “Fire engineering. Fire pressure hoses. General technical require-
ments. Test methods” and fire code 1522000 “Fire engineering. Fire pressure hoses. Technical fire safety
regulations. Test methods”.

Finance. Source of funding research — M. Auezov South Kazakhstan State University.
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IIYTHU HOBBIINEHUA ITPOYHOCTHBIX XAPAKTEPUCTHK
IHOXKAPHOI'O HAITOPHOI'O PYKABA

Annoranusi. [ToxxapHelii pykaB 3T0 TpyOONIPOBOJ AJIsl TPAHCHOPTHPOBAHMS OTHETYLIALIUX CPENCTB, OCHA-
IIEHHBIH CHeNUabHBIMU coeMHEeHUsIMU. OZIHO M3 OCHOBHBIX Ka4eCTB IT0’KapHOT0 pyKaBa — rHOKoCTb. [loaTomy mo-
JKapHbIEe PyKaBa U3rOTOBJAIOTCA U3 CHELMANbHOM TKaHU, COCTOSIILUX U3 HATYPAIbHBIX UIM CUHTETUYECKUX BOJIOKOH.
Hanopssle pykaBa ¢ apMUPYIOIIMM KapKacOM U3 CHHTETHYECKMX BOJIOKOH MUMEIOT HECKOJIBbKO BAPUAHTOB KOHCTPYK-
TUBHOTO HCIIOJHEHUS: IPOPE3NHEHHBIE HAIOPHBbIE MOXKapHBIE PYKAaBa, JATEKCHPOBAHHBIE HAMOPHBIE IOXKAPHBIE
pyKaBa, C IByCTOPOHHUM ITOKPBITHEM, paccunTanHble Ha aaBieHue 3,0 MIla. CHapyxu U1 3aIUTHI OT HETaTUBHBIX
(haKTOpOB M MOBPEKACHUN PYKaB MOXKET OBITH OCHAIIEH PE3MHOBBIM MOKpPHITHEM. B paboTe moka3aHbl pe3yabTaThl
HCCIIEOBAaHUN 110 BO3MOXKHOCTH YBEJIMYEHHUS ITPOYHOCTHBIX MOKA3aTeIel IMOKapHBIX HAIIOPHBIX PYKABOB ITOCPEN-
CTBOM JIBOWHOTO OOpPE3MHMBAHUS PYKaBOB, M3TOTOBJIEHHBIX U3 CHHTETHUECKUX BOJIOKOH. [Ipy ncmosnp30Banum pe3u-
HOBOH cMecH Ul 0Ope3MHUBAHUS PYKaBOB IIPOMCXOJUT 0OBOJAKUBAHUE PE3UHOBOH CMECHIO Ka)KIOTO BOJIOKHA, YTO
MIPUBOAUT K IOBBIIIEHUIO CBS3€M MEXIy BOJIOKHAMM, TeM caMbIM MoBbImas npodHocts [THP npu neiictBun BHYT-
pEeHHero rujapaBinyeckoro naieHus. CIOH pe3nHbl, HAXOASICh CHApYX M, 3alIMIIAET PyKaB OT HEraTHBHBIX (hak-
TOPOB ¥ MOBpexIeHni. Takoil cioil pe3nHbl NpHUIaeT pyKaBy Hy)KHYIO TMOKOCTb M COXpaHseT NMpoYHOCTb. [IpoBe-
JICHHBIE MCIBITAaHHS IOKa3aJId, YTO JaHHBIN HAIlOPHBIN PyKaB COOTBETCTBYET TPEOOBAHMSIM.

KiioueBble cjIoBa: MOXKapHBII pyKaB, HAOPHBINA pyKaB, apMHUPYIOLIUHA KapKac, HaTypalbHble U CUHTETHYEC-
KM€ BOJIOKHA, PE3UHOBBII CIOH, FMIPABINYECKOE AABICHHE.
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X. K. Kycrlaﬂra.ﬂnenaz, K. K. Epﬂnﬂ3ona2, M. 7K. MaxamGeros?,
A. M. Yremkannesa’, A. K. Caknaposa’, I'. A. Taknu6aesa’'

'M. Oyesos atbinmarsl OrTyCTiK Kazakcran Memnexerrik yausepenrerti, Llsivkent, Kasakcran
X, JlocMyxame/ioB aThiHAaFbl AThIpay MEMJICKETTIK YHUBepcHuTeTi, Kasakcran

APBIHJIBI OPT TYTIKTIH BEPIKTIK CUITATTAMAJIAPBIH
APTTBIPY KOJJAPBI

AHHOTanmsi. ©OpT COHAIPY TYTIri OYJI — 6pT COHMIPrill Kypajnapapl TachIMaiiay YIIiH apHalbl KocHalapbIMeH
JKaOABIKTaNFaH KYObIp. ©OpT ceHIipy TYTIriHiH Herisri Oip kacueri — mkemautik. COHIBIKTaH ©pT COHIIPY TYTIri
TaOuFn HeMece CHHTETHKAIBIK TaJIIBIKTapAaH TYpaThlH apHaibl MarajaH kacanaabl. KeICBIMABI TYTIK CHHTETH-
KaJIBIK TATMIBIKTapAAH TYPAThIH apMUpJIEpreH KaHKachl Oap OipHelle KOHCTPYKTHBTI OpbIHAAYAAH TYPaJbl: PE3cH-
KEJICHIeH apBIHABI OPT COHIIPY TYTITi, JaTEKCTENTEeH apbIHIBl OpT COHIIPY TYTIri, €Ki ’KaKTHI jKaObIHBI 0ap, jKoHE
3,0 MIla xpiceiMFa ecenTenreH. JKarbIMCBI3 (pakTOpiaplaH XKoHE 3aKbIMAAHyIAH KOpPFay VINIH TYTIiK CHIPTBIHAH
pe3eHKe xKaObIHbBI KaOBIKTAIFaH 00J1ybl MyMKiH. OCBI )KYMbBICTa OPT COHIIPY TYTIKTEPiHIH KbICBIMFa OEpIKTIK KOp-
CETKIIITepiH YWIFaliTy MakcaThIHAA CHHTETHKAJIBIK TANIIBIKTApaH KacalfaH TYTIKTI KOC Pe3eHKENEHIIpYy HOTHXKe-
nepi OoWbIHILIA 3epTTeyyep AaiblHnaFaH. Pe3eHke KOcHachlH MaiijanaHy Ke3iHIe TYTIKTI pe3eHKEeNeHAIpY YILiH,
opOip TaNMIBIKTHI PE3eHKE KOCHAChIMEH TalIBIKTAHIBIPY JKYPEIi, Oy TaJIIbIKTap apachlHAarbl OaiIaHbICTapIIbl
apTTHIpyFa 9KeJe/l, Ochulaiiia ilKi FUApaBIMKAIBIK KbICHIM opekeTi ke3inae [THP Gepikririn apTTeipansl. Pesenke
KabaThl CHIPTHIH/IA TYPBII TYTIKTI Tepic (akTopiapaaH >koHE 3aKbIMAaHynaH Kopraiinel. OcbiHIall pe3cHKe KabaThl
TYTIKKe KaXKETTI HKeMJIUTIK Oepelli jkoHe OCepIKTIriH cakraiimbl. JXKypri3iuireH chlHaKTap KOPCETKCHICH, OYJ1 KBICHIM
TYTIT1 TajlanTapra caiikec Keyesui.

Tyiiin ce3mep: epT ceHipy TYTIri, KbICBIM TYTIri, apMHUpJIepreH KaHKAChl, TAOWFH KOHE CHHTETHKAJIBIK Taj-
IIBIKTap, PE3CHKE KaOaThl, THIPABIHKAIIBIK KBICHIM.
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