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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 160
Polysulfur 0-1,3
Sulfonamide M 14
Phthalic anhydride 03
Zinc white 2,5
Stearic acid 20
Acetone anil R 12
Octophor NN 20
Hydrocarbon resins 40
2ZVI wax 10
PN-6Sh ol 4,0
Diaphene FP 15
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 101
Nominal shearing strength, MPa 211
Elongation at break, % 525
Tear resistance, KN/m 63
Resistance to repeated tension at elongation 2009 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].

ti
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Thickness of the rubber layer at the fire pressure hose coating

Influence of the rubber layer coating thickness at the rubberizing
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

Thickness of the rubber layer, mm

Ne Technical characteristics
15 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 152-2000 “Fire engineering. Fire pressure hoses. Technical fire safety
regulations. Test methods”.

Finance. Source offunding research - M. Auezov South Kazakhstan State University.
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MNYTW MOBbILLEHNA MPOYHOCTHbLIX XAPAKTEPUCTUK
MO>XXAPHOI'O HAIMOPHOIO PYKABA

AHHoTauus. MoxapHbIi pykas 3To TPY60NpoBOA A TPaHCNOPTUPOBaHWSA OFHETYLLALMX CPeAcTB, OCHa-
LLIEHHbIN CrieumanbHbIMKU coegnHeHNAMM. OfHO 3 OCHOBHbIX KaYeCTB MOXAPHOro pykasa - MMOKOCTb. [oaToMy no-
YKapHble pyKasa M3roTOBNAKOTCA U3 CrieLMasIbHON TKaHW, COCTOALLMX U3 HATYPasibHbIX WM CUHTETUHECKIMX BOIOKOH.
HanopHble pykasa ¢ apMUPYHOLLIMM KapKacoM M3 CUHTETUYECKUX BOSIOKOH MMEIOT HECKO/IbKO BapyiaHTOB KOHCTPYK-
TUBHOIO WCMO/IHEHWIS: MPOPE3MHEHHBbIE HAMOPHbIe MOXAaPHbIE PYKABa, /TaTeKCVPOBAHHbIE HAMOPHbIE MOXapHbIe
pyKaBa, C ABYCTOPOHHUM MOKPbLITMEM, paccumTaHHbIe Ha gasneHue 3,0 MIMa. CHapy»xu AN 3almTbl 0T HeraTuBHbIX
(haKTOPOB U MOBPEXAEHWI PYKaB MOXET ObITb OCHALLEH PE3VHOBLIM MOKPbITMEM. B paboTe nokasaHbl pesybTarbl
nccnesoBaHUA N0 BO3MOXHOCTW YBEIMYEHNSA MPOYHOCTHBIX MOKasaTeseli NoKapHbIX HaMopHbIX PYKaBOB MOCpes-
CTBOM [IBOMHOI0 06PEe3VIHMBAHUS PYKaBOB, M3rOTOB/IEHHbIX U3 CUHTETUYECKMX BOSIOKOH. [pun 1Cnob30BaHnM pesu-
HOBOIi CMEeCK A1 06PE3VHMBaHNS PyKaBOB MPONCXOANT 00BOSIaKMBaHWE PE3VIHOBOM CMECbH) KaXKAOro BOMOKHA, YTO
NPVBOAWT K NOBbILLIEHWIO CBSA3e MeXay BO/IOKHaMK, TeM CaMbIM NOBbILLAas NpovHocTb MHP npu gelicTBum BHYT-
PEHHEro ruapaB/INYECcKOro AasneHns. Crioi pesviHbl, HaX0AsACb CHapYXXW, 3alLMLLET pyKas OT HeraTvBHbIX (hak-
TOPOB 1 MOBPEXAEHUIA. TaKoii Cnol pesvHbl NPUAAET PyKaBy HYXXHYH TMOKOCTb M COXPaHSET MPoYHOCTL. IMpose-
JeHHbIe UCMbITaHWSA NOKa3a/M, YTO JaHHbIN HANOPHbIN PyKaB COOTBETCTBYET TPeOOBaHUAM.

KntoueBble €noBa: MoXapHblil pyKas, HaMOpHbIV pykas, apMUPYIOLLMIA KapKac, HaTypasibHble U CUHTETUYEC-
KV BOJIOKHA, PE3VHOBbII C/OM, MMapPaBMYeCKOe AaB/EHVE.
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APbIHAbI OPT TYTIKTIH BEP1KT1K CUMATTAMANAPBLIH
APTTbIPY >XOJ10APbI

AHHoTaums. OpT ceHgipy TYTiri 6”1- epT ceHgipriw K¥pangapabl TacbiMasigay YLLIH apHalibl KocrnaniapbIiMeH
KabaplUTasraH K¥6bIp. OpT ceHAipy TYTIMiHIH Hen3n 6ip KacveTi - mkemginik. COHAbIKTaH epT CeHAipy TYTiri
Taburn Hemece CUMHTETUKa/IbIK Ta/llUbIKTapAaH T/ \paTbiH apHaiibl MaTagaH >kacanagbl. Kbicbivabl TYTIK CUHTETU-
Ka/TbIK Ta/ILLbIKTapAaH T paTbiH apMUPIEPreH Kaukacbl 6ap GipHeLle KOHCTPYKTUBTI OpblHAayaH Tupagbl: peseL-
KefleHreH apbIHabl epT CeHAipy TYTiri, NaTekcTenreH apblHAbl epT CeHAipy TYTIrl, eKi XaKTbl XabblHbl 6ap, >KaHe
3,0 MlMa KkbicbiMra ecenTenreH. >KarbiMcbI3 (hakTopiapiaH >aHe 3akbiMgaHyaH Kopray YLUiH TYTIK CbIpTbIHaH
peseLiKe >abbIHbl YababIKTasraH 60/1ybl JMyMKLL Ocbl XX MbICTa epT CeHAIPY TYTIKTEPIHIL, KbiCbIMra 6epiKTiK aap-
CETKILLUTEpPIH raiATy MaKCaTblHAA CYHTETUKANbIK Ta/llUbIKTapaH >kacasiraH TYTIKTI KOC pe3eLiKeneHaipy HaTuxke-
nepi 6oibIHLWA 3epTTeynep falbiHganraH. Peselike KocnacbiH naviganiaHy KesiHge TYTIKTI peseuKesnieHgipy YLLiH,
3pbip Ta/LbIKTbI pe3eLiKe KocracbIMeH TaslllbIKTaHabIpy >KYpeadi, 6N TanlwbIKTap apacbiHAarbl 6ainaHbicTapabl
apTTbIpyra aKenegi, ocbuaiilla Wil rmapaBiMKaibIkK KbiCbIM 3peKeTi KesiHge MHP 6eplurTH apTTbipagbl. Peseuke
KabaTbl CbIpTbIHAA T/\PbIN TYTIKTI Tepic (hakTopiapaH X3He 3akbIMaHyaaH kopraiigbl. OcbiHAal peselke KabaTbl
TYTIKKE KKETN MKeMZINIK 6epegi >xaHe 6epLuriuH cakTaigbl. XXKYPrisifireH CblHaKTap afpceTKeHaen, 6”1 KbicbIM
TYTiri TananTapra calikec keneg™

TYWiH cesaep: epT ceHAipy TYTiri, KbicbM TYTiri, apMUp/IepreH KaLKachl, Taburv XaHe CUHTETUKaNbIK Tasl-
LbIKTap, pe3eLiKe KabaTbl, Mapas/IMKa/bIK KbiCbIM.
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