HaTMTSILETSO: Tom 13. Bbinyck 4 (50)

WMHHOBALUNWN N dYHOAMEHTAJIbHbIE
MCCNEOOBAHWNA CTPOUTENBHOW HAYKMU
N MPON3BOOACTBA

HAYUYHAS CTATbS / RESEARCH PAPER
YK 696.133:678
DOI: 10.22227/2305-5502.2023.4.1

JMTenbHast NPOYHOCTH MOJAMIPUPHBIX KOMIIO3UIIHOHHBIX TPYO
00JIBIIIOT0 THaAMeTpa

Muxaua I'epmanoBuy Koanes', Biagumup AnaroibeBny Kakyma',
Outer Anexcanaposuy Kopues', [lenuc AnexkcanapoBuy MejibHHKOB?,
Maxkcum Biaagumuposuy ®@enopos!, Jlanua Bacuiabesuy 3aiines’,

IMaBea JImutpuesny Kanbipun'
! Hayuonanvmuolil uccnedosamenvbckuti Mockogckuil 20Cy0apcmeenublil CImpoumenbblil
yuusepcumem (HUY MI'CY); e. Mockea, Poccus,
2 Hoewie mpy6nvie mexnonoeuu (HTT),; 2. Mockea, Poccus

AHHOTALUMNA

BBepeHune. PaccMoTpeHbl KoadhULIMEHTbI penakcaLuum 1 nonayyecTu, 4ONroBpeMeHHasi npeaensHas gecdopmMaums nsrnba
npu ANUTENbHOM BO3AEVCTBUM Bnaru 1 XuMuiecku aktusHon cpepl (10 000 4) kaHanu3aumMoHHbIX Tpy6.

MaTtepuansi 1 meToabl. /cnonb3oBanu kaHanusaumoHHble Tpy6bl Anametpom 400, 1200 u 1400 MM, M3rOTOBMEHHbIE U3 NO-
nMadmpHbIX cTeknonnacTukos. K o6pasLy ¢ NoCTOSIHHON CKOPOCTHIO MPUKINAaAbIBanu CXMMatoLLY HarpysKky [0 AOCTUMKEHNS
yaenbHou konbueson gedopmauum 3,0 + 0,5 % 3a 60 £ 10 c. MNonyyeHHyt0 yaenbHyo KonbLUeByto AeopmaLimio NoAaepKU-
Bas NOCTOSIHHOM B TEYEHUE 2 MUH, MO NPOLLECTBUN STOTO BPEMEHW ONPEAENSN U (PUKCUPOBANY CXKUMAIOLLYI0 Harpy3Kky
1 Konbuesyto aecpopmaumio. CyLHOCTb MeToAa 3akrmoyaeTcs B HarpyxeHun obpasua Ans UcnblTaHuin, pacnonoXeHHOro
FOPU30HTANbHO Y MOrPY>XEHHOrO B BOAY, MPU 3aaHHOW TemnepaTtype AMamMeTpanbHO CXXUMAlOLLEN Harpy3kon Ha Bpems,
B TEYEHME KOTOPOro KorbLeBas AedopMauns OCTaeTcs NOCTOAHHOW. Harpysky uamepsitoT Yyepes 3agaHHble MPOMEXYTKM
BpemeHu fo poctuwkeHuss 10 000 4. o pe3dynbTaTtaMm UCMbITAHWUIA ONPEeaensioT LONTOBPEMEHHYIO YAENbHYHO KOMbLEBYH
XKECTKOCTb U KO3(hhULMEHT penakcaummn npu Bo3gencteum Bnarv B cootsetcteum ¢ FOCT P 57008-2016. nsa ncnbiTaHus
ncnonb3yoT ABa obpasLia, ecrnm MHOe He YCTaHOBMNEHO B HOPMATUBHOM LOKYMeHTe. [lonroBpeMeHHas yaenbHasi konbLesasi
XKECTKOCTb U KO3 PULIMEHT penakcaLmm ABNSIOTCH CPegHUM apudMeTUYeCKUM, NOSyYeHHbIM ANS ABYX 06pa3LioB.
Pe3ynbraTtbl. YCTaHOBMEHO, YTO 3KCMIyaTaLMOHHbIE XapaKTepUCTUKW (OonroBpeMeHHas npedenbHas AedopmMaums usrnba,
K03 MLMEHTBI penakcaumy 1 NnonsyyYecty npyu BO3AEWUCTBUM Brari) UCCNeAOBaHHbIX KaHanM3aumoHHbIX TPYG onpedenstoT-
CS1 yAernbHOW KOMbLEBOW XECTKOCTbIO M MX AvameTpoM. [Anst nonmnacpupHbIX Tpyo ¢ HavanbHOM KonbLEeBOM xecTkocTeio 5000 H/
M? roBbllleHve ux avametpa ¢ 400 go 1400 MM NpYBOAUT K NMUHEHOMY pocTy koaddmumeHTa penakcaumm (¢ 0,79 go 0,96)
1 CHIDKEHWIO JONTOBPEMEHHOM npeaenbHon Aedopmaumm narnba (c 0,84 no 0,75 %) npu Boagevicteum Bnarv B TedeHre 10 000 .
BbiBoabl. [JONroBeYHOCTb MCCREAOBaHHbIX KaHanM3auMoHHbIX TPy® M3 NonuadupHbIX CTEKNOMNacTUKOB MpeBbILLAeT
50 ner.

KIMKOYEBBIE CJTOBA: anameTp, kaHanu3aumoHHble TpyObl, KOnbLEeBas )XeCTKOCTb, KO3ULMEHTbI NON3Y4eCTn 1 penak-
cauum, NnonmadmpHble CTEKNONacTUKK, NpeaenbHble Aedopmaummn nsrnba, arpeccuBHas cpega
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ABSTRACT
Introduction. The paper deals with relaxation and creep coefficients, long-term ultimate bending deformation under long-
term exposure to moisture and chemically active environment (10,000 hours) of sewer pipes.
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Materials and methods. 400, 1,200 and 1,400 mm diameter sewer pipes made of glass-reinforced polyester. A compres-
sive load was applied to the specimen at a constant rate until a specific annular strain of (3.0 £ 0.5) % was achieved in
(60 + 10) s. The obtained specific annular strain was kept constant for 2 minutes, after this time the compressive load and
annular strain were determined and recorded. The essence of the method is to load a test specimen, placed horizontally
and immersed in water, at a given temperature, with a diametrically compressive load for a time during which the annular
strain remains constant. The load is measured at specified intervals until 10,000 h is reached. According to the test results,
the long-term specific annular stiffness and relaxation coefficient under the influence of moisture are determined in accor-
dance with the methodology of GOST R 57008-2016. Two specimens shall be used for testing, unless otherwise specified
in the normative document. Long-term specific ring stiffness and relaxation coefficient are the arithmetic mean obtained for
two specimens.

Results. It was found that the performance characteristics (long-term ultimate bending deformation, relaxation and creep
coefficients when exposed to moisture) of the investigated sewer pipes are determined by the specific ring stiffness and their
diameter. For polyester pipes with initial ring stiffness of 5,000 N/m? increasing their diameter from 400 to 1,400 mm leads
to linear increase of relaxation coefficient (from 0.79 to 0.96) and decrease of long-term ultimate bending strain (from 0.84
to 0.75 %) when exposed to moisture during 10,000 hours.

Conclusions. The durability of the investigated sewer pipes made of glass-reinforced polyester exceeds 50 years.
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BBEJAEHUE

TpyOBI N3 CTEKIOHAMOIHEHHBIX TOJINMEPHBIX Ma-
TEpPHUaJIOB HA OCHOBE PEAKIMOHHOCIIOCOOHBIX OJIUTO-
MepoB (PCO) mmupoko HCIONb3yIOTCS B XUMHYECKOM,
He(Tera3oBoil 1 a3POKOCMHUYECKON MTPOMBIIIIICHHOCTH,
CYIOCTPOCHUU U METHOPALUH, THIPOTEXHUKE U CTPOH-
TEIbHOI MHAYCTPUU AJI TPAHCHOPTUPOBKU IHEPro-
HOCHTEJIEH U arpecCUBHBIX JKUAKOCTEH (BOJHBIX pac-
TBOPOB Pa3IMYHBIX XUMUYECKUX COCIMHEHUH), dKUPHBIX
MUIIEBBIX MPOAYKTOB U XO3IHCTBEHHO-OBITOBBIX OTXO-
JIOB, TIPOMBIIIUICHHBIX U JIUBHEBBIX CTOKOB, MUTHEBOH,
MOPCKOI 1 TEXHHYECKON BOMIBL. DTO 00YCIOBIEHO, Mpe-
KJI€ BCETO, HU3KOW MIIOTHOCTHIO, BRICOKMMH XUMUYE-
CKO# CTOMKOCTBIO M (PU3NKO-MEXaHWYECKUMH XapaKTe-
pHCTHUKaMU TPYO M3 CTEKJIOHAIIOIHEHHBIX MOJIMMEPOB,
JUIMTEIBHBIM CPOKOM UX 3kcmuryaranuu [1-5]. Kpome
TOTO, OHU 00JI/IAI0T HU3KOH TETUIONPOBOAHOCTHIO, UTO
camxkaet Ha 30-50 % TeruronoTepu OTHOCUTEIHHO BbI-
COKOM TEMJIOCTOMKOCTBIO, O3BOJIAIOIIEH TPAHCIIOPTH-
POBaTh )KUIAKOCTH C TemriepaTypoii 10 135 °C, BeICOKOi
CTETCHBIO TEPMETUYHOCTH M HAJEKHOCTHU, THIPaB-
JUYECKUM conpoTuBieHueM (Ha 25-30 % Huxke, dem
y cranbHbIX TpyO). [Ipy uX sKcIuTyaTanum OTCyTCTBY-
€T 3apacTaHue BHYTPEHHHMX ITOBEPXHOCTEH TpPyO OT-
JIOKEHUSIMHU M3-3a IVIaJIKOI ITOBEPXHOCTH, OHH OBICTPO
1 JIETKO MOHTHPYIOTCS, @ X JIOJITOBEYHOCTD TIPEBbIIIa-
et 50 ner [6, 7].

OKCITyaTallMOHHbIE CBOMCTBA MOJMMEPHBIX KOM-
MO3UIIMOHHBIX TPYO BO MHOTOM 3aBUCSIT OT HOMHHAJb-
Horo nuametpa (DN), HauanbHON y/1enbHON KONbIIEBOH
sectkocTH (SN) M BUAA HCIIOIB3YEMOro ISl UX TPO-
U3BOJICTBA CBsA3yromiero. Yaie BCero /st UX MPOU3-
BOJICTBA NMPUMEHSIOT TONNA(QHUPHBIC WIN STOKCHIHBIC
cMoubl. st yeTpoiicTBa HAmOpHOW M OC3HAMOPHOM
KaHAJIN3aIUH, JApeHaxa, BOJOIPOMYCKHBIX CHCTEM
U BOJIOCHA0)KEHUSI UCTIONB3YIOT KOMIO3UTHBIE TPYOBI
U AeTanu TpyOoIrpoBOAOB U3 CTEKIOIIACTHKOB HA OC-

HOBE MPOMBIIIIIEHHBIX MapOK MONHI(QUPHBIX CMOT'™ 2.
TpyObl n neranu TpyOOIPOBOAOB M3 MOIUIPHUPHBIX
CTEKJIOTJIACTUKOB C HOMUHAJBHBIM uameTpoM oT 300
110 3000 MM SKCTUTYaTUPYIOTCS TTpH paboueM JTaBleHUuN
1o 3,2 MIla npu Temneparype cpeast oT —50 g0 +50 °C.
[IpoexTrpoBaHue ¥ MOHTAX MOA3EMHBIX TPYOOIIPOBO-
JIOB BOJAOCHAOKEHUSI ¥ KaHAJIM3alUU U3 CTEKJIOIIa-
CTHUKOBBIX TPYO periiaMeHTHPYIOT COOTBETCTBEHHO
CII 40-1043 u CII 40-105%. MeToxbl CUHTE3a, CBOMCTBA
u O6J'laCTl/I MPUMCHCHUA HOJ'II/IE)(bI/IpH])lX CMOIJI I€TAJIBbHO
paccMoTpeHbl B padorax [8, 9].

IIpon3BOACTBO KOMITO3UITHOHHBIX TPYO JIHHON 6
u 12 M Ha ocHOBe PCO OCYymIECTBISIIOT CIEAYIOMIMMHA
METO/[AMHU:

1. HamoTKo#i (HaBUBKOW) MPOMUTAHHOTO CBS3Y-
IOLIMM CTEKJIOPOBMHIA Ha METaJUINYECKYIO MOBEPX-
HOCTh (POpMOOOpA3yIOIICH TEXHOIOTUICCKOW ONPABKH
(hOpMBI C IOCIIEAYIOIUM ero oTBepikaeHrneM. Hamorka
obecrieunBaeT BEICOKOE Ka4eCTBO BHYTPEHHEH MOBEpX-
HOCTH KOMIIO3UTHOM TpyOBbI 3a cuer ee pOpMHUpPOBAHHUS
Ha Hapy>XKHOM IOBEPXHOCTH OINpaBKu. /[ nmosblie-
HUSI TUIOTHOCTH, CHUKEHUSI CTOMMOCTH M IOPUCTOCTH
KOMITO3UTOB CTEKJIOBOJIOKHO HCIIOIB3YIOT B COUCTAHHU
C KBapIIEBBIM ITECKOM.

2. lentpoOexHbIM (opMOBaHHEM (B TOM YHC-
Jie U3 mperpera) Ha BHYTPEHHIOIO MMOBEPXHOCTh TEX-

1TV 22.21.21-004-99675234-2019. TpyObl, COCIMHUTENbHbIE
SNIEMEHTHI U JIETAlIN TPYOOIIPOBOIOB JUTS KaHAIHU3AINH, BOJO-
OTBEZICHUS U IPEHAXKA U3 PEaKTOILIACTOB, APMUPOBAHHBIX CTE-
KJIOBOJIOKHOM, U3TOTOBJICHHBIC 110 TexHonoruu «HHTT».

2 CTO 99675234.001-2020. Tpy6s! 1 AeTamu TpyOOIPOBOIOB
Bozomnpomnyckabie «KHTT JJOP» n3 peakroruiactoB, apMAPOBaH-
HBIX CTEKJIOBOJIOKHOM. TexHmdeckue ycmosus. 2020. 122 c.

3 CII 40-104-2001. IIpoekTupoBaHie U MOHTaK TTOA3EMHBIX
TpyOOIIPOBOIOB BOJOCHAOKEHUS U3 CTEKIOMIACTUKOBBIX
TpyoO.

4 CII 40-105-2001. ITpoeKTUpOBAHUE M MOHTAK MOA3EMHBIX
TpyOOTPOBOIOB KaHATM3AINH M3 CTEKIOIIACTUKOBBIX TPYO.
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HOJIOTUYECKOM OIpaBKH, YTO IMO3BOJIACT MOJYyYaTb
TPYOBI C BBICOKOM TOYHOCTBIO BHEIHEIo JUameTpa
(m0 0,1 mm).

3. Ilynrpy3ueii (IpoTsHKKOMN ) uepes3 3a30pbl MEXITY
Hapy>KHOW W BHYTPEHHEH MOBEPXHOCTSIMHU OINPaBKH.
OjHaKo 3TUM METOIOM MYJITPY3HHU CIOKHO peasn3o-
BaTh KOJBIIEBOE apMHpOBaHHE TPYO M MPOU3BOANUTH
KOMITO3UTHBIE TPyOB! OOJBIINX THAMETPOB.

4. DKcTpy3ueit CBI3YIOIMIEro, HAIOJHEHHOTO PY-
OJICHHBIM CTEKIOBOJOKHOM M KBapIEBBIM IECKOM.
OTOT METOJI NCTIONB3YIOT B OCHOBHOM IPH IPUMEHEHUN
B KQYCCTBC CBA3YIOINX TEPMOINIACTUYHBIX ITOJIUMEPOB
(MONTMATHIICHA MM TIOJIUTIPOIIHIICHA).

OOO «Hossie Tpy6HBIE TexHOMOrHH» (OO0
«HTT») npon3BoANT KaHAIM3AMOHHBIE TOJIUIPHUPHBIE
KOMITO3MLIMOHHBIE TPYOBbI U (DaCOHHBIE JIETAIIA METOIOM
HETPEPBIBHOI HAMOTKH Pa3JIMYHBIX BUIOB CTEKJIOPO-
BUHTa, HAMIOJIHEHHBIX KBAapPIIEBBIM MECKOM M TIPONHUTAH-
HBIX TOJMI(QUPHBIM CBS3YyONMM. KOMITO3UIIMOHHBIE
TpyOBI COCTOAT U3 TPEX CIIOEB!

1. BayTpenHuit (JlallHEepHBI) — 3aIIUTHBIN Tep-
METU3UPYIOLIUI CI0H Ha OCHOBE XUMUYECKHU CTOMKOM
MOTUA(PUPHOIN CMOJTBI, HAIOJIHEHHOMW CTEKIOBOJIOKHOM.

2. CTpykTypHBIH cnoil (Hecymas 000JI0uKa)
Ha OCHOBC HOHI/Ii)(l)I/IpHBIX CBA3YIOIINX, HAITOJTHCHHBIX
CTEKJIOBOJIOKHOM M KBAapIIEBBIM IIECKOM C pa3MEpOM 4a-
cTul MeHee | MMm.

3. HapyxHbIii ciioii — mnonusupHble CBA3YIO-
e, HANOJHEHHbBIC CTEKJIOBOJIOKHOM. YKa3aHHbBIC
nonudupHbBIe KOMIIO3WIIMOHHBIE TPYOBl KOMIAHUS
00O «HTT» nmpon3BoANT B COOTBETCTBHH C TpeOO-
BauusamMu TV 22.21.21-004-99675234-2019' u CTO
99675234.001-2020° B 1ByX BapHaHTaxX:

* 00OBIYHOM — JUTS TIO/I3EMHOI TPOKJIA/IKH;

* CIEIUAIBLHOM — JJISl OTKPBITON (HaA3€MHOMN)
MIPOKJIAJIKH.

Bo BTOpOM ciyuae B cocTaB CBA3YIOIIETO J10-
TMOJIHUTECJIbHO BBOAAT pa3JIMYHbIC MUTMEHTHEI U CBETO-
crabminzaropsl. OCHOBHBIE (U3MKO-MEXaHUYECKHE

CBOICTBA KaHAJIM3AIMOHHBIX TPYO M3 NOIMAPUPHOTO
CTEKJIOIUTACTHKA MpuBeneHbl B Tadu. 1. ITpu mpons-
BOJICTBE yKa3aHHBIX TPYO COOTHOIICHHUE CBs3ytolee/
cTeKJIoBONIOKHO cocraBisgeT 40/60 mac. %, a COOTHO-
IIEHUE CBS3YIOIlee/CTEKI0OBOIOKHO/KBAPIIEBBII MECOK
paBHO 34-35/12—-66/0-54 mac. %. IIpu 3TOM creneHb
OTBEPXKICHUS MONMUA(PUPHOTO CBA3YIOIIETO MPEBHIIIACT
98 % [10-15].

Y4uThIBas IMUPOKOE IPHUMEHEHHE B COBPEMEHHOM
CTPOUTENBCTBE MOMMI(YUPHBIX KOMIIO3UIIMOHHBIX TPYO,
MPEJICTABIISIIOCH 11e7eC000pa3HbIM OLIEHUBATh BIHMSHHIE
HOMMHAJIBHOTO JTMaMETpPa M Ha4aJIbHOH yIeIbHOH KOJTb-
LIEBOM JKECTKOCTH Ha 3HAUCHHUE JIOJITOBPEMEHHOH y/Ielb-
HOM KOJIBLIEBOH JKECTKOCTH MPH PEJaKcaliy 1 MOJI3Y-
4eCcTH, KOA(PGUIMEHTOB pellakCallii U TOJI3Y4eCTH,
a TaK)ke IONTOBPEMEHHON NpeneiabHol nedopmannn
n3ruda 1pyu BO3ACHCTBUM BIIArH U arPECCUBHON CPEIbL.

MATEPHUAJIBI U METO/JbI

B kauecTBe 00BEKTOB UCCIIEIOBAHMUS UCTIONB30BAIN
TpyOHYyto nponykuuo OO0 «HoBsle TpyOHBIE TEXHOIO-
ruu — [lepecBeT» — KaHaNM3alMOHHBIE TPYObI HA OCHO-
Be nomm$upHBIX cTeknommactukoB Mapku CK/HIIC-K,
cooTBeTCcTBYyIOIKE TpeboBanusm TY 22.21.21-004-
99675234-2019 [5] ¢ HomuHaNBHEIM qraMeTpoM 400,
1200 1 1400 MM ¢ HOMHHATIBEHO# xKecTKocThI0 5000 H/M?.
‘YenoBHBIE 0003HAUCHHS KaHATM3AIMOHHBIX TpyO: Hy 400-
0,6-5000, 1y 1200-0,6-5000, dy 1400-0,6-5000. Tommu-
Ha CTCHKH MCCIICJOBAaHHBIX TPYO KoseOeTcs B pezenax
ot 6,6 10 22,0 MMm.

Du3NKo-MeEXaHMYECKHE XapaKTePUCTHKH TPYOOIIpo-
BOJIOB M3 MOJIMI(PUPHBIX CTEKJIOIUIACTUKOB OIPEICIsIN
B COOTBETCTBHUH ¢ TpeboBanusiMu AeiictBytonmx [OCT:

* HaYaJIbHYIO YJEJIbHYIO KOJIBLEBYIO KECTKOCTb
o FOCT P 55071-2012 (meton B);

STOCT P 55071-2012. Tpy6b! 1 neTanu TpyoonpoBOIOB U3 peak-
TOILJIACTOB, APMHPOBAHHBIX CTEKJIOBOJIOKHOM. MeETo/IbI UCIIBITa-
Hul. OnpeeneHe HadalbHOU YIEIbHOM KOJIBLIEBOH JKECTKOCTH.

Tab. 1. dusnko-MexaHHUECKHUE CBOMCTBA MaTepralia CTEHOK MOIMI(PUPHOI CTEKIIOIIACTUKOBOH TpyOsI [15]

Haunmenoanue nokasarens 3HavyeHHne
IInotHOCTE, KI/M3 1700-1900
IIpenen npounocty npu pactsxenuu, Mlla, B OkpyKHOM HalpaBlIeHUN 150-440
B OCEBOM HallpaBJICHUU 55-85
OKpy>KHOI MOIYJIb YIPYTOCTH IIpH pacTsvkernun, MIla 10 000-29 000
OceBoil MOIyIb yIpyrocTu npu pactsokenuu, Mlla 3800-5500
OKpyxHOIT MOIy/Ib yrIpyrocTy npu usrude, MIla 3800-5500
Koadduuument nuneiinoro temmoBoro pacmupenus, 1/°C 2,510
Koapdumment Iyaccona
OKPYKHOCTB/OCB, V! 0,08-0,10
OCB/OKPYKHOCTb, VIh 0,23-0,25
Tokazarens TBEpAOCTH BHYTPEHHEH U HapyKHOU moBepxHocTeil o bapkony (n3odranesas, 40
oprodTaneBast ¥ BUHIWII(GHUPHAs CMOJIa), HE MEeHee
[IlepoxoBaToCTh BHYTPEHHEH CTEHKH, MKM, He OoJiee 25
AGCoITIOTHAS IEPOXOBATOCTh BHYTPEHHEH TIOBEPXHOCTH CTEHOK, MKM, He Oonee 50
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* JIOJITOBPEMEHHYIO Y/IEIbHYIO KOJIBLIEBYIO KeCT-
KOCTh IIPH PETaKCAIMU U PacdeT KOIPPHUIHMESHTOB pe-
JaKcaluy Ipy Bo3xeicTBun Biard B Tedenne 10 000 1
mo F'OCT P 57008-2016°, Harpy3ky mpuKJaabIBaInd
JI0 JIOCTHKEHHsI pacyeTHOH aedopManuu, paBHOU
0,40 %;

* JIOJITOBPEMEHHYIO Y/CJIBHYIO JKECTKOCTh IPH
MOJI3y4eCTH U KOI()(UIUEHTHI MOJI3y4eCTH IIPU BO3-
neiicteum Biaru B Tedenne 10 000 g mo 'OCT 34643—
20207, Harpy3Ky NPHUKJIAIBIBAIN 10 JOCTHKEHHS pac-
4yeTHOH nedopmann, pasHoit 0,17 %;

* JONTOBPEMEHHBIC TpeJeTbHbIe AchopManun
n3ruda M J0JITOBPEMEHHYIO MPEIEIbHYI0 OTHOCUTEIh-
Hy[0 nedopmaruu npu Bozaericteuu Biaru mo 'OCT
34647-20208

® TOCT P 57008-2016. Tpy6bl u aeTanu TpyGONpOBOAOB
U3 PEaKTOIIaCTOB, APMUPOBAHHBIX CTEKJIOBOIOKHOM. MeTox
OTpeIeNIeHus JOITOBPEMEHHON yAeIbHON KOIbLIEBOH JKEeCT-
KOCTH IIPH penakcanuu 1 koddduiuenTta perakcanuu npu
BO3JIEMCTBUHU BJIaru.

"TOCT 34643-2020. Tpy6bl u AeTanu TPYOOHIPOBOIOB U3 Pe-
aKTOILIACTOB, APMHUPOBAHHBIX CTEKJIOBOJIOKHOM. MeTox onpe-
JIeJIEHUS TOJITOBPEMEHHOM YIeIbHON KOJIbLIEBOH JKECTKOCTH
[IPY TIOJI3y4eCTH U KO UIMEHTa MON3yYeCTH PH BO3/IeH-
CTBUM BJIaru UJIH B CyXUX YCJIIOBUSAX.

8 TOCT 34647-2020. Tpy6bl u AeTanu TPYGOHIPOBOIOB U3 Pe-
AKTOILIACTOB, APMHUPOBAHHBIX CTEKJIOBOJIOKHOM. MeTox onpe-
JIeJIeHUs! I0JrOBPEMEHHOM npeenbHol nedopmarmu n3ruba
U JTOJITOBPEMEHHOM MpeAeIbHOM OTHOCUTEIHLHON KOJIBIIEBOM
nedopMaIiy PH BO3ICHCTBUH BIIarH.

* XMMMYECKYIO CTOMKOCTb BHYTPEHHEH I1OBEpX-
HOCTH B ycnoBusix Harpysxenus mo FOCT 34644-2020°.
B kauecTBe XMMUYECKOW Cpebl IPUMEHSIICS PacTBOP
¢ conepkanueM 0,5 MOJIb/JT CepHON KUCIIOTHI.

Mertop onpenesieHus JOJITOBPEMEHHON yACIbHOMN
KOJIBIICBOM KECTKOCTH NPH PEJIAaKCALUU U pacyeT KO-
3G GUIHMCHTOB peslaKCalliy IPU JCHCTBUU BJIArd B Te-
gerre 10 000 g (TOCT P 57008-2016°) coctout B Ha-
Ipy’KeHHH 00pa31oB TPYO BEPTHKAIBHOM CXKUMAIOLIEeH
Harpy3Koii, TOrpy>kKeHHbIX B Boxty ¢ pH = 6,7, u Temmne-
patypoii 23 + 2 °C. Harpy3ky u3Mepsiiu yepe3 3aJaH-
HBIE IPOMEXKYTKHU BpeMeHHU A0 noctiwxkenus 10 000 u.

CxeMa yCTaHOBKM M COOpaHHasi yCTaHOBKA JUJIS
OmpeseseHUsl yKa3aHHBIX MOKa3aTeled NMpHUBeAeHBI
Ha puc. 1, 2.

O6pa3zer; TpyObl ¥ Harpyxaromias pama odpasy-
10T 3aMKHYTYIO CUCTEMY TeJ, Ha KOTOPYIO AEHCTBYIOT
rupocTaTudeckre 3PPeKThl, He OKa3bIBAIOIIUE BIIHSI-
HUSI Ha IPUJIOKEHHYIO K 00pasily Harpy3Ky. YCTaHOBKa
JUISL ICIIBITAHUHM Ha C)KaThue KaHAJIM3alMOHHBIX TPYO
o0ecrieunBaeT cxKaThe MOorpyKeHHOro B BOJy o0pasna
C IIOCTOSHHOW CKOPOCTBIO MEPEMEIIECHUS U U3MEpPEHHE
Harpy3KH ¢ IMOrpeIHocTbio He 6onee £1 % ot u3mepsie-
MOI BEJIMYMHBI.

Jist MCKIIOYeHUsT BIMSHHS TPEHUSl Ha IpuUIia-
raemMoe yCWIHE B HarpyKaroluX IUIOIaAKax ObUIH
MpeBApUTENILHO MPOCBEPJICHBI CKBO3HBIE OTBEPCTHUS
quaMeTpoM 16 MM, 00ecCIeYHBAIOIIIEe HEOOXOIUMBIH

° TOCT 34644-2020. Tpy6sl u geTanu TpyOONpOBOAOB
13 pPeakToIIaCTOB, aPMHUPOBAHHBIX CTEKJIOBOJIOKHOM. MeTo-
JIbI OIpe/IeNICHUs] XUMUYECKOW CTOMKOCTH BHYTPEHHEH 110-
BEPXHOCTH B YCIOBUSIX HArPy:KEHUSI.

[Itarus s narunka gedopmanuit

l"aiika M 14 no DIN 975

Harpyaxatoiee ycTpoicTBo

Jarunk cuisl nudposoii go 50 kH

Ilnuneka pesnbboBas M14 DIN 975

Ob6pasew TpyObl

HcnpiTarensHas cpepa — Boaa

Tpy6a npodunasaas mo 'OCT 863982

11Iennep cranpHoM 1611 mo 'OCT 8240-97

HCHO,Z[BI/I)KHOC OCHOBAHHUEC EMKOCTH

Puc. 1. Cxema yCTaHOBKH IS ONPE/ICIICHIS TTOKa3aTeIen
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Puc. 2. O6pa3us! TpyO, yCTaHOBJICHHBIEC B IPOCTPAHCTBO JIOT-

Ka, 3aII0JTHEHHOTO BOIOM

TEXHOJIOTHUECKUH 3a30p MEXIY CTEp)KHEM C pe3b0oit
1 Harpy>KaroIUMH IIJIOIIAKaMH.

Jist u3amMepeHust Harpy3Ku, IPHIOKEHHON K 00pas3-
IIy TpyOBl, ¢ MOTPENIHOCTRIO He 6oree +1 % umcmonb-
30BaJIM IIM(POBON TEH30JATUHK CKATHSI MEMOPAHHOTO
tuna Tenzo-M M50-C3 co creneHbpro 3amuThl 000-
smouku [P68 — 3ammuTa mpu MOJHOM M JAJIUTEIBHOM
MOTPYXKEHUH B BoAy Ha rimyouny 1o | M. Ilokazanus
TEH30/]aTYNKa PETUCTPUPOBAIIUCH ITPH MTOMOIIHU TTOPTa-
tuBHOTO 1ppoBoro peructparopa TC-32K, ocHarien-
HOT'0 UHTEPBAJIHBIM TAMEPOM, BCTPOEHHOM 11aMAThIO
1 UHTEPPENCOM JUIsl YIIPABJICHHUS C KOMITBIOTEPA, T03BO-
JISIOIIETO cOOUparh U nepeaBarh AJaHHbie ¢ 20 pa3aud-
HBIX KaHanoB. EMKkoCTh, HamomHeHHas Boqoii ¢ pH 6,7,
MpeacTaBseT co00M TITyOOKOBOIHBIN ITMHHOBOITHOBOM
JOTOK upuHoH 1,6 M, iryounoi 1,8 M u uinHoit 90 m.
Jna nocTrkeHus pacyeTHOH! e opMaIiiu €, B TEUCHHE
3 MHUH IpU HarpyKeHuu oopasiua TpyObl HCIOJIB30BAIH
nomkpar naeBmarndeckuit Cusuk B-690 140-400 mwm.
JIng u3MepeHus AUHBI, 11aMeTpa U TOJIIHUHBI CTCHKH
UCIIOJIb30BAJIU ITAHTCHIUPKYJIb IU(PPOBOH ¢ I1yOUHO-
MepoMm (I'OCT 166-89), nuHelKy H3MEPUTEIbHYIO
Metamnundeckyto (TOCT 427-75) u pyaeTky usmepu-
tenpHyto Metannuueckyto (OCT 7502-98). Ilepen
Horpy’keHreM 00pa3ioB TpyO B BOAY 10 UX HAPYKHOM
MOBEPXHOCTH HAHOCHUIIU 110 OKPY)KHOCTH TPYOBI C IIa-
roM 60° mpsiMbIe JINHUH, BBITIOIHSAIONINE POJIb OMTOPHBIX

JIMHUH, U U3MEPSUIN CIIEAYIOIINE T€OMETPUUECKUE T1a-
pameTpsl oOpasma:

* JuMHA L, M, KQXXJI0T0 00pa3na BIOJb ONMOPHOM
JIMHUU C IOTPEeHOCThI0 1 %;

* TOJILIMHA CTEHKH 00pa3la ¢ KaKJI0H CTOPOHBI
OTIOPHBIX JIMHUH C TTOTpenrHocThIo He 6omee £0,2 %;

* BHCUIHWH uamMerp d , M, I0CEPEIHHE MEKILY
Ka)/I0l Mapoil NMPOTHUBOIIOIOKHBIX OTOPHBIX JTHHUN
¢ norpemHocThio £0,5 %. Ilepen mpoBeneHUEeM HCIIBI-
TaHUW 00pasibl TPYO KOHUIIMOHHPOBAIUCH B TEUCHHE
96 g mpu Temneparype 23 £ 2 °C U OTHOCHUTEIHHON
BiakHoct 50 = 10 % [16-20].

PE3YJIBTATHI HCCJIEJOBAHUA

OCHOBHBIE DKCIUTyaTallMOHHbBIE XapaKTePUCTH-
KM HMCCIIEJIOBAaHHBIX KaHAIM3aUOHHBIX TPYO Mapku
CK/4TIC-K u3 moaudGupHBIX CTEKIOMIACTUKOB, HC-
MOJIF30BaHHBIX B paboTe, MpeICTaBICHB B Tabm. 2
1 Ha puc. 3, 4. AHanu3 JaHHBIX Ta0I. 2, puc. 3, 4 mo-
Ka3aJ, 4To MpHU HOMUHAIBHOI *kecTkocTH 5000 H/m?
yYBENMYCHHE IHaMeTpa KaHATHU3allnOHHEIX TpyO ¢ 400
o 1400 MM MPUBOIUT K TUHEHHOMY pOCTy KO3PPu-
nuenta perakcanuu (¢ 0,79 mo 0,96) u CHUKCHUIO
JIOJITOBPEMCHHOW MPONOJNIBHON nedopMaluu n3ruda
npu Bo3zaeiicTBuu Biaru (¢ 0,84 mo 0,75 %) u xumu-
yeckoit cpexsl (¢ 0,81 mo 0,64 %) B Tewenue 10 000 u.
[Tpu 5TOM KO3 PHUIMEHT MON3YyUECTH TPU BO3ICHCTBUN
BJIar'M MPaKTUYECKH HE 3aBUCUT OT HOMHHAJIBHOTO
JMaMeTpa KaHaJu3aluOHHBIX TpyO. JlonroBpeMeHHas
mponoisHas nedopmanus u3ruda Tpyod B arpecCHBHON
cpele MEHBIIE, YeM B OOBIYHOI Boge. ITo 00ycioBie-
HO Pa3iIMYHON XMMUYECKOH CTOHKOCTBIO MOIMA3()UPHBIX
CBSI3YIOIIUX K JICHCTBHIO BOJBI U arPECCUBHBIX CpEJl.

[TosyueHHbIE 1aHHBIE B PE3yJbTaTe JOJITOCPOY-
HBIX HCHBITAHUH KaHaJIM3alMOHHBIX TPyO mpone-
MOHCTPHPOBAJH, YTO OHH MOTYT 3KCIUTyaTHPOBATHCS
B TeueHue Oosee 50 JeT, a Mo CBOMM 3KCILTyaTalMoH-
HBIM XapaKTePUCTUKAM COOTBETCTBYIOT TPEOOBaHMSIM
T'OCT P CO 10467-2013°,

1TOCT P YICO 10467-2013. Tpy6GompoBojIs W3 apMHUpOBaH-
HBIX CTEKJIOBOJIOKHOM TEPMOPEAKTOIIACTOB HAa OCHOBE HEHa-
CBIILIEHHBIX MOMMAPUPHBIX CMOJT /ISl HATIOPHOI 1 Ge3HAMOPHO
KaHAIM3AIMHA U IpeHaxa. OOIIIe TEXHHYECKUE TPEOOBAHMSL.

Tab.. 2. HopMmupyemsble moka3aTesns A1 KaHAIN3aIHOHHBIX TPYO, TOTyUeHHBIE B Pe3yIbTaTe HCIBITAHUI

Buj kaHaIM3aIMOHHON TPYObI

Iloxasarenn
[y 400-0,6-5000 | Jy 1200-0,6-5000 | Iy 1400-0,6-5000

HavanbHast yjie/bHast KOJIBIEBas )KECTKOCTh, H/M? 5800 5350 5750
Koo dumment penaxkcanuu npu Bo3AeHCTBUN BIaru 0.79 0.92 0.96
B Teuerue 10 000 u
Koadduunent nonsyuectn npu BO3AEHCTBUM BIaru 0.81 0.85 0.81
B TeueHue 10 000 u
Z[onrospeni[eHHaﬂ HpCIICJ'IoLHaﬂ nedopManms u3runoa 0.84 0.77 0.75
TIPU BO3ACHCTBUH BIIary, %
Z[OJ'IFOBpeME:HHa_S{ npuenenLHaﬂ nedopmarnus n3ruoda npu 0.81 0.65 0.64
XUMHUECKO cpene, %o

10




AA1TeAbHasA MPOYHOCTL MOAMIPUPHBIX KOMMO3ULMOHHBIX TPYO BOALLLIOrO AMameTpa C. 6-18
X
<
1,0 Lg 0,9
; N g
= =
=09 // Kl —
S g — ]
208 2 £ 0,7
= 1) El
a = =
0,7 E 0,6 2
400 600 800 1000 1200 1400 1600 = 400 600 800 1000 1200 1400 1600
BHyTpenHuit auamerp TpyObl, MM é. BHyTpenHuii auamerp TpyOsl, MM

Puc. 3. 3aBucumocts KO3QPUITEHTOB perakcayu (/) ¥ mon-
3ydecTH (2) OT TMaMeTpa CTEKIOTIIaCTUKOBON TPYObI

3AKJIIOYEHUE

Ha ocnoBanuu MPOBCACHHBIX SKCIIEPUMEHTAJIbHBIX
UCCIIEIOBAHUM YyCTAHOBJIEHO, YTO KO3()(UIIMEHTHI pe-
JIAKCAIlMH M MON3y4YECTH, JOJITOBPEMEHHAsI ITPEe/IesIbHAs
nehopmarys n3ruda npu BO3AEHCTBUM BJIard B TCUCHHE
10 000 4 ompenesstOTCS AUaMETPOM TPyObl U ee Ha-
YaJIbHOM yZIENbHOU KOJBIEBOIH skeCTKOCThI0. C pocToM
JUaMeTpa KaHAIM3aIHOHHBIX TPyO Kod(ddHuIHeHTHI

Puc. 4. 3aBrcuMocCTh T0ITOBPEMEHHON MPOAOILHON aedop-
Manuu u3ruda mnpu Bo3jeicTBuu Biaru (/) U XUMHUYECKOI
cpersl (2) oT 1uaMeTpa CTeKJIOMIIaCTHKOBOH TPyObI

pelakcaluy U MoJI3y4ecTu Bo3pacTaroT. B To e Bpe-
Ml JIOJITOBpEMEHHasl MpezesbHas aedopmarus usrnoda
KaHAIM3alUOHHBIX TPYO ¢ HAYaIbHOHN yIEIBHOHN KOJb-
1eBoi skecTkocThi0 5000 H/M? ipu BO3eHCTBIM BIIaru
B Teduenue 10 000 u cHmxkaeTcs ¢ pOCTOM UX JUAMETpa.
Pacuer nonroBeuHOCTH UCCIEOBAHHBIX KaHATH3AllUOH-
HBIX TPYO U3 MOIMI(PUPHBIX CTEKJIOTUIACTUKOB MOKa3aJ,
YTO CPOK IKCILTyaTaluu npesbimaet 50 jet.
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Pipes made of glass-filled polymer materials based
on reactive oligomers are widely used in chemical, oil

and gas and aerospace industries, shipbuilding and land
reclamation, hydraulic engineering and construction
industry for transportation of energy carriers, and ag-
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gressive liquids (aqueous solutions of various chemical
compounds), oily food products and household waste,
industrial and storm water drains, drinking, sea and
technical water. This is due, first of all, to low density,
high chemical resistance and physical and mechanical
characteristics, pipes made of glass-filled polymers, long
service life [1-5]. In addition, they have low thermal con-
ductivity, which reduces heat losses by 30-50 %, rela-
tively high heat resistance, allowing to transport liquids
with temperatures up to 135 °C, high degree of tightness
and reliability, hydraulic resistance (25-30 % lower than
that of steel pipes). During their operation, there is no
overgrowth of deposits on the internal surfaces of pipes
due to their smooth surface, they are quickly and easily
installed, and their durability exceeds 50 years [6, 7].
The performance of polymer composite pipes de-
pends largely on the nominal diameter (DN), the ini-
tial specific ring stiffness (SN) and the type of binder
used for their production. Most often polyester or epoxy
resins are used for their production. For pressure and
non-pressure sewerage, drainage, culverts and water
supply composite pipes and pipeline parts made of fi-
breglass plastics based on industrial grades of polyes-
ter resins are used" 2. Pipes and parts of pipelines from
glass-reinforced polyester with nominal diameter from
300 to 3,000 mm are operated at working pressure up
to 3.2 MPa at medium temperature from —50 to +50 °C.
Design and installation of underground water supply
and sewerage pipelines made of GRP pipes are regu-

' TU 22.21.21-004-996752342019. Pipes, connecting ele-
ments and details of pipelines for sewerage, drainage and
drainage made of fiberglass reinforced thermoplastics manu-
factured using NTT technology.

2 STO 99675234.001-2020. Pipes and pipeline parts are cul-
verts “NTT DOR” made of fiberglass reinforced thermoplas-
tics. Technical conditions. 2020; 122.

lated by SP 40-104° and SP 40-105* respectively. Syn-
thesis methods, properties and applications of polyester
resins are discussed in detail in [8, 9].

Production of composite pipes with lengths of 6
and 12 m based on reactive oligomers is carried out by
the following method:

1. By winding (coiling) the glass roving impreg-
nated with the binder on the metal surface of the mould-
forming technological mandrel of the mould with its
subsequent curing. Winding provides high quality
of the inner surface of the composite pipe due to its for-
mation on the outer surface of the mandrel. To increase
density, reduce cost and porosity of composites glass
fibre is used in combination with quartz sand.

2. Centrifugal moulding (including prepreg) onto
the inner surface of the processing mandrel, which
allows to produce pipes with high accuracy of the outer
diameter (up to 0.1 mm).

3. Pultrusion (pulling) through the gaps between
the outer and inner surfaces of the mandrel. However, it
is difficult to realize annular reinforcement of pipes by
this pultrusion method and to produce composite pipes
of large diameters.

4. Extrusion of a binder filled with chopped glass
fibre and silica sand. This method is mainly used when
thermoplastic polymers (polyethylene or polypropyle-
ne) are used as binders.

New Pipe Technologies (NTT LLC) produces
sewer polyester composite pipes and fittings by con-
tinuous winding of various types of glass roving filled
with silica sand and impregnated with polyester binder.
Composite pipes consist of three layers:

1. Inner (liner) layer — protective sealing layer based
on chemically resistant polyester resin filled with glass fibre.

3 SP 40-104-2001. Design and installation of underground
water supply pipelines made of fiberglass pipes.

4 SP 40-105-2001. Design and installation of underground
sewer pipelines made of fiberglass pipes.

Table 1. Physical and mechanical properties of glass-reinforced polyester pipe wall material [15]

Name of indicator Significance
Density, kg/m? 1,700-1,900
Tensile strength, MPa in circumferential direction 150-440
axially 55-85
Circumferential tensile modulus of elasticity, MPa 10,000-29,000
Axial tensile modulus of elasticity, MPa 3,800-5,500
Bending circumferential modulus of elasticity, MPa 3,800-5,500
Coefficient of linear thermal expansion, 1/°C 2.5-107
Poisson’s ratio
circle/axis, vhl 0.08-0.10
Axis/circle, vih 0.23-0.25
Hardness index of inner and outer surfaces according to Barkol (isophthalic, orthophthalic 40
and vinylester resin), not less than
Roughness of the inner wall, pm, not more 25
Absolute roughness of the inner surface of the walls, pm, not more 50
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2. Structural layer (bearing shell) based on polyes-
ter binders filled with glass fibre and quartz sand with
particle size less than 1 mm.

3. Outer layer — polyester binders filled with
glass fibre. The specified polyester composite pipes are
manufactured by NTT LLC in accordance with the re-
quirements of TU 22.21.21-004-99675234-2019" and
STO 99675234.001-2020? in two variants:

* conventional — for underground installation;

* special — for open (aboveground) laying.

In the second case, various pigments and light
stabilizers are additionally added to the binder com-
position. The main physical and mechanical properties
of sewer pipes made of polyester fibreglass are given in
Table 1. At manufacture of the specified pipes the ra-
tio of binder/glass fibre is 40/60 wt. %, and the ratio
of binder/glass fibre/quartz sand is equal to 34-35/12—
66/0-54 wt. %. The curing degree of polyester binder
exceeds 98 % [10-15].

Taking into account the wide application of poly-
ester composite pipes in modern construction, it seemed
reasonable to evaluate the influence of nominal di-
ameter and initial specific ring stiffness on the value
of long-term specific ring stiffness under relaxation and
creep, relaxation and creep coefficients, as well as long-
term ultimate bending deformation under moisture and
aggressive environment.

MATERIALS AND METHODS

As objects of research, we used pipe products
of LLC “New Pipe Technologies-Peresvet” — sewer
pipes on the basis of glass-reinforced polyester
of SK/NPS-K grade, meeting the requirements of TS

22.21.21-004-99675234-2019 [5] with nominal diam-
eter 400, 1,200 and 1,400 mm with nominal stiffness
5,000 N/m?. Notation of sewer pipes: DN 400-0.6-5000,
DN 1200-0.6-5000, DN 1400-0.6-5000. The wall thick-
ness of the studied pipes ranges from 6.6 to 22.0 mm.

Physical and mechanical characteristics of pipelines
made of glass-reinforced polyester were determined in
accordance with the requirements of the current GOST:

1. Initial specific ring stiffness according to GOST R
55071-2012 (method B)°.

2. Long-term specific ring stiffness at relaxation
and calculation of relaxation coefficients at exposure
to moisture for 10,000 hours according to GOST R
57008-2016°, the load was applied until the design
strain reached 0.40 %.

3. Long-term specific creep stiffness and creep co-
efficients under the influence of moisture during 10,000
hours according to GOST 34643-20207, the load was
applied until the design strain reached 0.17 %.

5 GOST R 55071-2012. Pipes and parts of pipelines made
of glass fibre reinforced reactoplastics Test methods. Deter-
mination of initial specific ring stiffness.

¢ GOST R 57008-2016. Pipes and parts of pipelines made
of glass fibre reinforced thermoplastics. Method for determi-
nation of long-term specific ring relaxation stiffness and relax-
ation coefficient when exposed to moisture.

7 GOST 34643-2020. Pipes and pipeline parts made of glass
fibre reinforced thermoplastics. Method for determination
of long-term specific. ring creep stiffness and creep coefficient
when exposed to moisture or in dry conditions.

Tripod for strain gauge

Nut M14 to DIN 975

Loading device

Digital force sensor up to 50 kN

Threaded stud M14 DIN 975

Pipe specimen

Test medium — water

7

Profile pipe according to GOST 8639-82

Steel channel 16P according to GOST 8240-97

Fixed vessel base

Fig. 1. Schematic diagram of the installation for determination of indicators
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Fig. 2. Pipe samples installed in the space of a tray filled with

water

4. Long-term limiting bending deformations and
long-term limiting relative deformation under the influ-
ence of moisture according to GOST 34647-20208.

5. Chemical resistance of the inner surface under
loading conditions according to GOST 34644-2020°.
A solution containing 0.5 mol/l of sulphuric acid was
used as a chemical medium.

The method of determination of long-term specific
ring stiffness at relaxation and calculation of relaxation
coefficients under the action of moisture for 10,000 h
(GOST R 57008-2016°) consists in loading pipe speci-
mens with a vertical compressive load immersed in wa-
ter with pH = 6.7, and temperature 23 + 2 °C. The load
was measured at specified time intervals until reaching
10,000 h.

Schematic diagram of the installation and the com-
plete installation for determination of the specified indi-
cators are shown in Fig. 1, 2.

8 GOST 34647-2020. Pipes and parts of pipelines made
of glass fibre reinforced thermoplastics. Method for determina-
tion of long-term ultimate bending deformation and long-term
ultimate relative ring deformation under moisture exposure.

2 GOST 34644-2020. Pipes and pipeline parts made of glass fi-
bre reinforced reactoplastics. Methods of determination of chem-
ical resistance of inner surface under loading conditions.

The pipe specimen and the loading frame form
a closed system of bodies subject to hydrostatic effects
that have no influence on the load applied to the speci-
men. The sewer pipe compression test rig ensures com-
pression of the specimen immersed in water at a constant
rate of displacement and measurement of the load with
an error of no more than =1 % of the measured value.

In order to eliminate the influence of friction
on the applied force, through holes with a diameter
of 16 mm were pre-drilled in the loading pads to provide
the necessary technological gap between the threaded
rod and the loading pads.

To measure the load applied to the pipe sample with
an error of no more than +1 %, a digital compression
strain gauge of membrane type TENZO-M M50-C3
with the degree of protection of the shell [IP68 — pro-
tection during full and prolonged immersion in water to
a depth of up to 1 metre was used. The load cell read-
ings were recorded using a portable digital recorder
TS-32K, equipped with an interval timer, built-in
memory and interface for control from a computer, al-
lowing to collect and transmit data from 20 different
channels. The tank filled with water with a pH of 6.7 is
a 1.6 m wide, 1.8 m deep and 90 m long deep long-water
flume. A Civic B-690 140—400 mm pneumatic Civic
B-690 140-400 mm jack was used to achieve the design
strain €, within 3 minutes of loading the pipe specimen.
To measure length, diameter and wall thickness a digital
caliper with depth gauge (GOST 166-89), a metal mea-
suring ruler (GOST 427-75) and a metal measuring tape
(GOST 7502-98) were used. Before immersing the pipe
specimens in water, straight lines were drawn on the out-
er surface of the pipe circumference at a pitch of 60° to
act as reference lines, and the following geometric pa-
rameters of the sample were measured:

* length L, m, of each sample along the reference
line with an error of £1 %;

* thickness of the specimen wall on each side
of the reference lines with an error not exceeding +0.2 %;

* external diameter d , m, midway between each
pair of opposite reference lines with an error of +0.5 %.
Prior to testing, the pipe specimens were conditioned
for 96 hours at a temperature of 23 + 2 °C and relative
humidity of 50 + 10 % [16-20].

Table 2. Standardized indicators for sewer pipes obtained as a result of tests

. Type of sewer pipe
Indicators
DN 400-0.6-5000 DN 1200-0.6-5000 DN 1400-0.6-5000
Initial specific ring stiffness N/m? 5,800 5,350 5,750
Relaxation coefficient when exposed to moisture
for 10,000 h 0.79 0.92 0.96
Creep coefficient when exposed to moisture for
10,000 h 0.81 0.85 0.81
Long-term ultm_late besldmg deformation at 0.84 0.77 0.75
exposure to moisture, %
Long-.term ulFlmate bending deformation under 081 0.65 0.64
chemical environment, %
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Fig. 3. Dependence of relaxation (/) and creep (2) coefficients
on GRP pipe diameter

RESEARCH RESULTS

The main performance characteristics of the inves-
tigated sewer pipes of SK/4PS-K grade made of glass-
reinforced polyester used in the work are presented in
Table 2 and Fig. 3, 4. Data analysis of Table 2, Fig. 3
and 4 showed that at nominal stiffness of 5,000 N/m?
increase in diameter of sewer pipes from 400 to
1,400 mm leads to linear increase of relaxation coef-
ficient (from 0.79 to 0.96) and decrease of long-term
longitudinal bending deformation under moisture (from
0.84 to 0.75 %) and chemical environment (from 0.81
to 0.64 %) during 10,000 hours. At the same time,
the creep coefficient when exposed to moisture is prac-
tically independent of the nominal diameter of sewer
pipes. Long-term longitudinal bending deformation
of pipes in aggressive medium is less than in ordi-
nary water. This is due to different chemical resistance
of polyester binders to water and aggressive media.

The data obtained as a result of long-term tests
of sewer pipes showed that they can be used for more
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Fig. 4. Dependence of long-term longitudinal bending defor-
mation under the influence of moisture (/) and chemical me-
dium (2) on the GRP pipe diameter

than 50 years, and their performance characteristics
meet the requirements of GOST R ISO 10467-2013°.

CONCLUSION AND DISCUSSION

On the basis of experimental studies it was estab-
lished that the relaxation and creep coefficient, long-
term ultimate bending deformation under the influence
of moisture during 10,000 hours are determined by
the pipe diameter and its initial specific ring stiffness.
As the diameter of sewer pipes increases, the relax-
ation and creep coefficients increase. At the same time,
long-term ultimate bending deformation of sewer pipes
with initial specific ring stiffness of 5,000 N/m? when
exposed to moisture for 10,000 hours decreases with
the growth of their diameter. Calculation of durability
of the investigated sewer pipes made of glass-reinforced
polyester showed that the service life exceeds 50 years.

10 GOST R ISO 10467-2013. Pipelines from glass fibre rein-
forced thermosetting plastics based on unsaturated polyester
resins for pressure and non-pressure sewerage and drainage.
General technical requirements.
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