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JCTY B EN ISO 21003-2:2011
HAIIIOHAJIBHUM BCTYII

Lle#i cranmapt € ToroskauM mepekiaagom EN 1SO 21003-2:2008 Multilayer piping
systems for hot and cold water installations inside buildings - Part 2: Pipes (Cuctemu Tpy-
O0MpoBO/IIB 3 OaraTomapoBuX TpyO S OyIIBHUIITBA TapsSvYOro Ta XOJIOJHOTO BOJIOMOCTA-
yaHHs OyIuHKIB 1 criopya. Yactuna 2. TpyOmn).

EN ISO 21003-2:2008 migrorosieno Texuiuanmm komiterom CEN/TC 155 "Plastics
piping systems and ducting systems" ("Cucrtemu miacTMacoBHX TPYOOIPOBOIIB i CUCTEM
MOBITPONPOBOIB").

J1o HAIlIOHATFHOTO CTAaHAAPTY JOTYYEHO aHTJIOMOBHHM TEKCT.

Ha teputopii Ykpainu, ik HalliOHaNbHUN cTaHAapT Ai€ jJiBa kojoHka Tekcry JCTY
b EN ISO 21003-2:2011 Cucremu TpyOOIpoBOIiB 3 OaraTomapoBux TpyO sl OyaiBHULI-
TBa rapsiuoro Ta XoJOJHOTO BOAOIOCTaYaHHs OyauHKiB 1 criopya. Yactuna 2. Tpyou (EN
ISO 21003-2:2008, IDT), BukiIaaeHa YKpaiHCHKOIO MOBOIO.

3rigno 3 JIbH A.1.1-1-93 "Cucrema cranmaprtuzaiiii Ta HOpMyBaHHsS B Oy1BHHUIITBI.
OcHOBHI MOJIOKEHHA" 11€M CTaHAaPT BIIHOCUTHCA 10 Komiuiekcy B.2.7 "byniBenbHi mate-
piammn".

CranmapT MICTUTh BUMOTH, K1 BIJIMOBIAI0Th YUHHOMY 3aKOHO/IABCTBY Y KpaiHU.

TexuiuyHMI KOMITET, BIANOBINaIbHUM 32 1ei ctannapt - TK 306 "[mxenepHi Mmepexi
ta criopynu" / I[IK-9 "Cucremu 3 momiMepHUX TPyOOIIPOBOIIB" .

Jlo cTangapTy BHECEHO TaKi pellakIiiiHi 3MiHU:

- cJoBa "uel MIXKHApPOJHUI cTaHAApT' 3aMIHEHO Ha "Liei cTaHaapT";

- CTPYKTYpHI enemMeHTH ctaniaprty: "Tutynenuid apkym", "[lepenmona”, "Hamiona-
aeHui Betyn", "bBibmiorpadiuni gaHi" - opopMIIEHO 3riHO 3 BUMOTaMM HalllOHAJIBHOI
cTaHAapTu3alli YKpainu;

- 3 "[lepeamonu" 1o EN 1SO 21003-2 y ueii "HarionansHuit BcTyn'" B3sTE TE, 110
0e3mocepeIHbO CTO
CYETBCS IILOTO CTAaHAAPTY;

- Kparnky 3aMIHEHO Ha KOMY K BKa31BHUK JECSATKOBUX 3HAKIB;

- TO3HAKU OJIMHUI, BUMIPIOBAaHHS BiANOBIIat0Th cepii cranmapris JJCTY 3651:1997.

V¥ HarionanbHOMY JOBIIKOBOMY J0JaTKy HOPMATUBHUX JOKYMEHTIB JI0 IIbOTO CTaH-
JapTy HaBEJIEHO MEpeNliKk YNHHUX HOPMATUBHUX JIOKYMEHTIB YKpaiHH, 10 BIAMOBIIAIOThH
MDKHApOIHUM CTaHJapTaM, Ha SKi € IOCHJIaHHS y TeKCTI I[bOTO JOKyMeHTa. MiKHapoaHi
CTaHAapTH, Ha K1 TTOCUJIAETHCA 1IeH CTaHAapT, ajie sSKi He 3a3HadeHi B qoaatky HA, € He
MPUIUHATUMU B YKpaiHI SIK HalllOHaNbHI cTaHAapTu. Komii nux TOKyMEHTIB MOXHa OTpHU-
MmaTu B ['ooBHOMY (hOH/II HOPMAaTUBHUX JOKYMEHTIB.
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HAIIIOHAJIBHUM CTAHJIAPT YKPAIHHN

CUCTEMMU TPYBOIIPOBOAIB 3 BATATOIIAPOBUX TPYB IS
BYIAIBHULTBA T'APAYOI'O TA XOJOJHOI'O BOJAOIIOCTAYAHHSA
BYJIUHKIB I CIIOPY L
Yacruna 2. Tpyou

CHUCTEMBLI TPYBOITPOBO/I0OB U3 MHOT'OCJIOMHBIX TPYB JIJIA
CTPOUTEJIbCTBA I'OPAYEI'O 1 XOJIOJHOI'O BOJOCHABXEHW A 3I[AHI/H71 n
COOPYXEHUI
Yactp 2. TpyObl

MULTILAYER PIPING SYSTEMS FOR HOT AND COLD WATER
INSTALLATIONS INSIDE BUILDINGS
Part 2: Pipes

1 COEPA 3ACTOCYBAHHA

VY miit wactuni crangapty 1SO 21003
HaBeJICHI BUMOTU O BJIACTUBOCTEU TpPYyO
UIsL  TpyOOINpOBOMAIB 13 0araTolapoBOIO
CTIHKOIO, TPU3HAYCHUX JIJIT CUCTEM XOJIO]I-
HOTO 1 TapsY0ro BOJOTIOCTAYaHHS BCEPEIH-
Hi OyJUHKIB I MOjayl BOJAU JJIsl TOCIO-
JApChKO-MOOYTOBUX 1 HEMOOYTOBUX MOT-
pel, 1 I CUCTEeM ONajieHHs MPU 3aJaHuX
PO3paxXyHKOBHX THCKaxX 1 TeMmIeparypax,
3TiTHO 3 KJIACOM 3aCTOCYBaHHsI (ZIUB. Ta0-
muiro 1 1SO 21003-1:2008).

Ile¥ craHmapT TakoX BUCYBa€ BUMOTHU
JI0 TIapaMeTpiB BUIPOOYBAaHb JIJIi METO/IIB,
Ha SIKI HaBEJICHO MOCWJIAaHHS B i YaCTHHI
1SO 21003.

ISO 21003 € cranmapTom 3 XapaKTepu-
CTUKaMH MpoayKuli. BiH po3MOBCIOAXKY€ETh-
csl Ha TpyOH 3 6araToapoBOIO CTIHKOIO, (i-
TUHTH, 1X 3'€IHaHHA MDK C000I0, a TaKOXK
3'eqHaHHA 3 IHIIUMHA IUIACTMACOBHUMHU 1 He-
MJIACTMACOBUMHU MaTepilajiaMu, 0 BUKOPH-
CTOBYIOTBCS B CUCTEMaxX XOJIOJHOTO 1 raps-
goro BopomoctadaHHsa. I{g1 yactuma 1SO
21003 moske 3aCTOCOBYBATHUCH JIUILIE Pa3OM
3 My yactuHamu 1SO 21003.

ISO 21003 ycraHOBIIOE YMOBU €KC-
ryatauii (KJlacu 3acTOCyBaHHs), poOodl
TUCKU 1 KJacu THUMNOpO3MipiB Tpyo. llei
CTaHAapT HE 3aCTOCOBYETHCS Y pa3l BIAMIH-

Yunnwuii Big 2013-01-01
1 SCOPE

This part of ISO 21003 specifies the
characteristics of pipes for multilayer pip-
ing systems intended to be used for hot and
cold water installations inside buildings for
the conveyance of water -whether or not the
water is intended for human consumption
(domestic systems) or heating systems - un-
der specified design pressures and tempera-
tures appropriate to the class of application
(see Table 1 of ISO 21003-1:2008).

It also specifies the test parameters for
the test methods referred to in this part of
ISO 21003.

ISO 21003 is a reference product stan-
dard. It is applicable to multilayer pipes, fit-
tings, their joints, and also to oints with
components'made of other plastics and non-
plastics materials intended to be used for
hot and cold water installations. This part of
ISO 21003 is intended for use only in con-
junction with all the other parts of ISO
21003.

ISO 21003 covers a range of service
conditions (application classes) and design
pressures. It is not applicable for values of
design temperature, Tp, maximum design
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HOCTI 3Ha4eHb poOOUYMX TemmepaTryp Ip,
MaKCUMAJIbHUX POOOYUX TEMNEPATYP T max 1
TeMIiepaTyp pyhHHyBaHHS Tng Bl HaBeze-
Hux y Tadmaumi 1 1SO 21003-1:2008.

Mpumirka 1. 3rigHo 3 UUM cTa”map-
TOM, BINOBIJAIBHICTH 3a BUOIp HEOOXIin-
HUX yMOB eKCIUTyaTarlii, 3 ypaxyBaHHIM
BUMOT HalllOHAJIBHOTO 3aKOHO/ABCTBA, Ha-
CTaHOB 13 MOHTaXy, OydIBEIIbHUX HOPM
TOIIIO, TMOKJIaJIeHa HAa 3aMOBHUKA Ta MPOCK-
TyBaJbHUKA.

Jlns  BUTOTOBJIEHHS IAPIB  CTIHOK,
CTIMKHMX 10 BIUIMBY THUCKY, TIOBUHHI 3aCTO-
COBYBATHCh HACTYMHI TOJIMEpPHI Marepia-
mu: nomOytwied (PB), nmomerunen 3 mif-
BHUIIICHOIO TemIeparypHoro criikictio (PE-
RT), crpykrypoBaHmii (3MIMTHIH) IMOJIICTH-
neH (PE-X), noninpomninen (PP) ta xmopo-
Banuii nojiBiHuxmopuy (PVC-C).

BukopucroByBanuit PE-X mnoBuHeH
OyTH MOBHICTIO 3IIMTUM Ta Ma€ BIJINOBIJIa-
THU BUMOTaM BIJIMOBIIHOTO CTaHAapTy Ha
npoaykiito (1SO 15875-2).

Ipumitka 2. Y pamkax craHgapry
ISO 21003, cTpykTypoBaHU# TMOJIETUIICH
(PE-X) Ta kmeioBi KOMIO3UIIIl PO3IJisia-
IOThCS SIK MaTepiain 3 TEPMOILIACTIB.

TpyOu 13 CyIIIBHOIO CTIHKOIO 13 TOH-
KUMH 30BHIIIHIMU I1apaMu (3axucHi abo
Oap'epHi ImIapu) HE MANAAAIOTH TiJ IO
ISO 21003, nmpoTe BUMOTH 110 TaKuX TPYyO
BUKJIazneHl B 3miHax o 1SO 15874-2, 1SO
15875-2 ta ISO 15876-2. 3aranpHa TOBIITH-
Ha TaKUX 30BHILIHIX IIapiB, BKIIOYHO 13 TO-
BILMHOIO IIApy KJIEIO, MOBUHHA OyTH HE Oi-
nbie 0,4 mm.

2 HOPMATHUBHI NIOCUJIAHHA

Ili HOpMaTHBHI JOKYMEHTH € HEBIA -
EMHUMU JUIsI KOPUCTYBAHHS IIMM CTaHAAp-
ToM. JIJIs MaToBaHUX MOCHJIAHb 3aCTOCOBY-
IOThCSL JIMINE 3a3HAuYeHl HIDKYE peIaKili
HOPMATHBHUX  JOKyMeHTiB. [lms  He-
JaTOBAaHUX  TIOCHJIaHb  3aCTOCOBYIOTHCS
OCTaHHI BHJIaHHS CTaHJIApPTH (BKJIIOYHO 13
BCiMa BUIIPABJICHHSIMH).

temperature, Tna and malfunction tempera-
ture, Tma IN excess of those in Table 1 of
ISO 21003-1:2008.

NOTE 1. It is the responsibility of the
purchaser or specifier to make the appropri-
ate selections from these aspects, into ac-
count their particular requirements and any
relevant national regulations and installa-
tion practices or codes.

The polymeric materials used for the
stress-designed layers are the following: po-
lybutylene (PB), polyethylene of raised
temperature resistance (PE-RT), crosslinked
polyethylene (PE-X), polypropylene (PP)
and clorinated poly(vinyl chloride) (PVC-
C).

PE-X used shall be fully crosslinked
and shall comply with the requirements of
the relevant reference standard (ISO
15875).

NOTE 2. For the purposes of I1SO
21003, crosslinked polyethylene (PE-X) as
well as adhesives are considered as ther-
moplastic materials.

Solid-wall pipes with thin outer layers
(applied as protection layers or barrier lay-
ers, for instance) are not covered by ISO
21003 but are specified in the Amendments
to 1SO 15874-2, ISO 15875-2 and ISO
15876-2. The total thickness of such outer
layers, including the thickness of the adhe-
sives used, shall be > 0,4 mm.

2 NORMATIVE REFERENCES

The following referenced documents
are indispensable for the application of this
document. For dated references, only the
edition cited applies. For undated refer-
ences, the latest edition of the referenced
document (including any amendments) ap-
plies.



ISO 161-1 Tpy6u 3 TepmomiacTiB s
TpaHCIIOPTYBaHHS piavH. HoMiHaIbHI 30B-
HIIIHI JlaMeTpU Ta HOMiHaJIbHI TUCKH. Yac-
tiHa 1. MeTpuyHa cepis

ISO 527-1:1993 Ilnactmacu. Buzna-
YeHHS MEXaHIYHUX BJIACTUBOCTEH TIPH PO3-
Tary. Yactuna 1. 3aranbHi IpUHIUTTN

ISO 527-2.1993 Ilnactmacu. Busna-
YeHHS MEXaHIYHUX BJIACTUBOCTEH TIPH PO3-
Tary. Yactuna 2. YMoBU BUNPOOYBaHb IS
JUBAPHUX 1 EKCTPY31M-HUX IIacTMac

ISO 2578:1993 Ilnactmacu. Bu3sna-
YeHHS TEMIIEpaTypHO-YaCOBUX OOMEXKEHb
IICJISI TOBrOTPUBAJIOTO BIUIMBY MPOTPIBaHHS

ISO 3126 Cucremu MmIaCTMacCOBHUX
TpyOonpoBoiB. Komnonentu 3 miactMac.
Busznauenus po3mipi

ISO 6259-1:1997 TpyOu 3 Tepmoruiac-
TiB. Bu3HaueHHsST MEXaHIYHUX BIACTHUBOC-
Teid npu po3Tary. Yactuna 1. 3aranbHuii
METOJ BUIPOOYBaHHS

ISO 7686 Tpybu ta diTrHTH 3 TUIACT-
Mac. BusHaueHHs1 Hempo30pocTi

ISO 9080 Cucrtemu TpyOOIpOBOIIB 1
MOBITPANPO-BOIIB 3 TuTacTMac. Bu3HaueHHs
JIOBFOCTPOKOBOI T1APOCTATHYHOI MIITHOCTI
CUPOBHHH 3 TEpPMOILIAC-TIB Y (hopmi TpyOu
IIUISIXOM €KCTPaIoJIsIi

ISO 10508 Cucremu TpyOOMIpOBO/IIB 3
TTacTMac JjIsl rapsyoro 1 XOJ0IHOTO BOJIO-
noctadyanHs. HactanoBa 3 kiacudikaiii ta
MIPOCKTYBaHHS

ISO 13760 TpybOm mmacTmacoBi s
TPaHCHOPTYBaHHS pIAUH M1 TUCKOM. [Ipa-
BwIO MaiiHepa. MeTon po3paxyHKy CyKyIl-
HUX MOITKOIKCHb

ISO 15874-2 Cuctemu TpyOONIpOBOIiB
3 TUIACTMAC JJISL Taps90ro 1 XOJOIHOTO BO-
nornoctayanHs. [lomnpomninen (PP). Yac-
tuHa 2. TpyOu

ISO 15875-2 Cuctemu TpyOONIpoBOIiB
3 TUIACTMAC JJISL Taps90ro 1 XOJOTHOTO BO-
nonocrayanHs. [lominponinen (PP). Crpy-
krypoBanuii nmomerwieH (PE-X). Yactuna
2. Tpyou

JICTY B EN 1SO 21003-2:2011

ISO 161-1 Thermoplastics pipes for
the conveyance of fluids - Nominal outside
diameters and nominal pressures - Part 1:
Metric series

ISO 527-1:1993 Plastics - Determina-
tion of tensile properties - Part 1. General
principles

ISO 527-2.1993 Plastics - Detenvina-
tion of tensile properties - Part 2: Test con-
ditions for moulding and extrusion plastics

ISO 2578:1993 Plastics - Determina-
tion of time-temperature limits after pro-
longed exposure to heat

ISO 3126 Plastics piping systems -
Plastics components - Determination of di-
mensions

ISO 6259-1:1997 Thermoplastics
pipes - Determination of tensile properties -
Part 1. General test method

ISO 7686 Plastics pipes and fittings -
Determination of opacity

ISO 9080 Plastics piping and ducting
systems -Determination of the long-term
hydrostatic strength of thermoplastics ma-
terial in pipe form by extrapolation

ISO 10508 Plastics piping systems for
hot and cold water installations - Guidance
for classification and design

ISO 13760 Plastics pipes for the con-
veyance of fluids under pressure - Miner's
rule - Calculation method for cumulative
damage

ISO 15874-2 Plastics piping systems
for hot and cold water installations - Poly-
propylene (PP) -Part 2: Pipes

ISO 15875-2 Plastics piping systems
for hot and cold water installations - Cros-
slinked polyethylene (PE-X) - Part 2: Pipes
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ISO 15876-2 Cuctemu TpyOOIpOBOIIB
3 IUIACTMAC JJIsi Tapsiuoro 1 XOJOJHOTO BO-
nonoctavadHs. [lomOyrunen (PB). Yactu-
Ha 2. Tpyou

ISO 15877-2 Cuctemu TpyOONIpOBO/IiB
3 IUIaCTMAcC JAJIsl TapsAyoro 1 XOJIOAHOTO BO-
noroctadaHHs. XJIOPOBaHUH MOJIBIHIIXJIO-
pun (PVC-C). Yactuna 2. Tpyowu

ISO 17454 Cucremu TpyOOMIpPOBOIIB 3
wiactMac. bararomapoBi Tpyou. Meton
BUMPOOYBaHHs aJire3ii pi3HUX IIapiB 3a J0-
IOMOTOI0 BUTATYBAJIbHOI YCTAHOBKU

ISO 17455 Cucremu TpyOONpOBOIIB 3
riactMac. bararomaposi Tpyou. Buznauen-
HSI IPOHUKHOCTI KUCHIO Y Oap'epHiit TpyOi1

ISO 17456 Cucremu TpyOOMIpPOBO/IIB 3
rmiactmac. baratomapoBi TpyOu. Busna-
YEHHS JIOBrOTPHUBAJIOI MIITHOCTI

ISO 21003-1:2008 Cuctemu TpydOII-
pOBOJIIB 3 OaraTomapoBux TpyO aiis Oy.iB-
HUITBA Tapsuoro Ta XOJIOAHOTO BOJIOMO-
cTayaHHs OyIuHKIB 1 cnopya. Yactuna 1.
3arajibH1 BUMOTH

ISO 21003-5:2008 Cucremu TpydOII-
POBOJIIB 3 OaraTomapoBux TpyO asis Oy/iB-
HUITBA rapsyoro Ta XOJIOAHOTO BOJIOMO-
cTayaHHs OynuHKIB 1 cnopya. Yactuna 5.
[IpunaTHICTh CHCTEMH A0 3aCTOCYBaHHS

ISO 22391-2 TpyGomnpoBoau 3 mact-
Mac JUIs Tapsiuoro 1 XOJI0JHOro BOJONOCTA-
yanHs. [lomieTuneH MABUIIEHOT TEPMOC-
titikocTi (PE-RT). Uactuna 2. Tpyou

EN 713 Cucremu TpyOOmpoBOIiB 3
rmiactMac. MexaHiuH1 3'€efHaHHS MK (ITH-
HraMu Ta HamipHUMHU TpyOamu 3 MoJioJie-
¢1iniB. Meroa BUNPOOYBaHHS HA F€PMETHY-
HICTh MiJ] BIUIMBOM BHYTPIIIHBOTO THUCKY
3'€THaHb 1O IMiIJTAHO BUTHHY

EN 12293 TpybGomnpoBoau 3 maacTMmac.
TpyOu Ta GIiTUHTH 3 TEPMOIUIACTIB JJIS Ta-
PSYOro 1 XOJIOAHOrO BoAonocTayaHHs. Me-
TOJA BUMPOOYBAaHHSA HA CTIMKICTH 310paHUX
3'€IHaHb JI0 LIUKJIIYHOI 3MIHU TeMIEpaTypH.

ISO 15876-2 Plastics piping systems
for hot and cold water installations - Poiy-
butylene (PB) -Part 2: Pipes

ISO 15877-2 Plastics piping systems
for hot and cold water installations - Chlo-
rinated poly (vinyl chloride) (PVC-C) - Part
2: Pipes

ISO 17454 Plastics piping systems -
Multilayer pipes - Test method for the ad-
hesion of the different layers using a pulling
rig

ISO 17455 Plastics piping systems -
Multilayer pipes - Determination of the
oxygen permeability of the bamerpipe

ISO 17456 Plastics piping systems -
Multilayer pipes - Determination of long-
term strength

ISO 21003-1:2008 Multilayer piping
systems for hot and cold water installations
inside buildings -Part 1: General

ISO 21003-5:2008 Multilayer piping
systems for hot and cold water installations
inside buildings -Part 5: Fitness for purpose
of the system

ISO 22391-2 Plastic piping systems
for hot and cold water installations - Polye-
thylene of raised temperature resistance
(PE-RT) - Part 2: Pipes

EN 713 Plastics piping systems - Me-
chanical joints between fittings and polyo-
lefin pressure pipes - Test method for leak-
tightness under internal presure of assem-
blies subjected to bending

EN 12293 Plastics piping systems -
Thermoplastics pipes and fittings for hot
and cold water -Test method for the resis-
tance of mounted assemblies to temperature
cycling.



3 TEPMIHU TA BUBHAUYEHHSA

Y 1upoMy JTOKYMEHTI BUKOPHUCTOBY-

I0OTbCSI TEPMIHM Ta BU3HAYCHHS, IO HaBe-
neni y 1ISO 21003-1.

4 IIO3BHAKH TA CKOPOYEHHSA

Y 1bpOMy JOKYMEHTI BHUKOPHCTOBY-

IOThCSI TIO3HAKH Ta CKOPOYCHHS, IO HaBe-
neni y 1SO 21003-1.

5 BUMOI'N 10 MATEPIAJIIB

5.1 3arajabHi BUMOTH

Bupo6uuk TpyO moBUHEH JeKJapyBa-
TH MaTepiaiu, ki OyJld BUKOPUCTAHI IS
BUTOTOBJICHHS KOXHOTO IIapy TpyOu Ta
GyHKIIOHATBPHE TPU3HAYEHHS  KOXHOTO
napy.

BnactuBocTi MatepianiB i IIapiB,
CTIMKHUX JI0 HAIPy>KEHb MOBUHHI BIIIOB11a-
TH BUMOTraM BIJNOBIJHUX CTAHAAPTIB Ha
MPOAYKIIIIO (IUB. T10JATOK A).

5.2 Ilepepob.iioBaHi MaTepiaan

UucTi BiacHI BIIXOAMW MepepoOIiroBa-
HUX MaTtepiaiiB, Tak camo SIK 1 HOBI MaTepi-
aJIv, MOXKYTh JI0JIaBaTUCh O HOBUX MaTepi-
amB. BukopucTaHHs CTOPOHHIX Mepepo0-
JIOBAaHUX MaTepiajiB HE JOMYCKAEThCA.

5.3 BruiuB Ha Boay, 110 MPpU3HAUYEeHA
JJI51 CIIOKMBAHHS JIKOIMHOI0

Bci matepianu GaratomapoBuX TpPY-
OOIPOBITHUX CUCTEM IPU KOHTAKTYyBaHHI 3
BOJOI0, IO TPU3HAUYEHA JJIs CIOKUBAHHS
JIIOJTMHOIO, HE TTOBMHHI HETaTUBHO BILTMBA-
TH Ha SIKICTb BOJAH Ta BIAIOBIIATA BUMOraM
HaIlOHAJIbHUX HOPMATUBHUX JTJOKYMEHTIB.

HAIIIOHAJIBHE IMOSICHEHHS

Bumory 5.3 "BignoBigati BUMOram Harlio-
HaJbHUX HOPMATUBHHUX JOKYMEHTIB" CIIiJ
pO3yMITH SK: "BIANOBIAATH BUMOTAM YHH-
HUX HOpMaTUBHUX JOKyMeHTiB MO3 Ykpa-
1HH, 110 3aTBEPKEHI Y BCTAHOBIICHOMY T10-

pHHKy"

JACTVY B EN ISO 21003-2:2011
3 TERMS AND DEFINITIONS

For the purposes of this document, the
terms and definitions given in 1SO 21003-1

apply.
4 SYMBOLS AND ABBREVIATED
TERMS

For the purposes of this document, the
symbols and abbreviated terms given in
ISO 21003-1 apply.

5> MATERIAL

5.1 General

The pipe manufacturer shall declare
the materials used for each layer of the mul-
tilayer pipe and the function of each layer.

The material characteristics of the
stress-designed layers shall comply with the
requirements of the relevant reference
product standards (see Annex A).

5.2 Processabie materials

Clean own reprocessable material
which is the same as the virgin material
may be added to that virgin material. Exter-
nal reprocessable material shall not be used.

5.3 Influence on water intended for
human consumption

All materials of the multilayer piping
system, when in contact with water which is
intended for human consumption, shall not
affect the quality of the drinking water and
shall be in compliance witli national regula-
tions.
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6 SAT'AJIBHI BJIACTUBOCTI

6.1 3oBHINIHIH BUTJIAN

IIpu posrmsani 6e3 301IbITYBaIbHUX
pUIaAiB, BHYTPIIIHS 1 30BHINIHS MTOBEPXHI
TpyO TOBHHHI OyTH TJAAKUMH, YHCTHMH,
0e3 3aMpOoK, KaBepH, OyIHOAIIOK Ta 1HIITNAX
neEeKTIB MOBEPXHI, SIKI YHEMOKIUBIIIOIOTh
BiamoBimHICTh ctaHmapTy 1SO 21003. Ma-
Tepial HE TOBHMHEH MICTUTH BHIUMHUX JO-
MimIok. JlomyckaroTeCsl HEBENMKI Bapiatii y
BIITIHKY KOJbopy. KiHIl TpyO moBuHHI OY-
TH TJAJKO 3aUUIICHAMH Ta TIEPIICHINKYJIS-
PHHMH JI0 OC1 TPYOH.

6.2 Henmpo3opicTb

TpyObu 3 OaraTomapoBOiO CTIHKOIO,
3aJIeKJIApOBaHl SIK CBITJIOHETIPOHUKHI, HE
MOBUHHI Tporryckatu Ounbme HiK 0,2 %
BUJIMMOI'O CBITJIA, NPU BUMNPOOYBAHHI BIJI-
noBigHO ISO 7686. 1ls BuMora He cTOCY-
€ThCs TPYO THIY M.

7/ KOHCTPYKUISA TPYD

TpyOu 3 OaraTomapoBOlO CTIHKOIO
MOXXYTh BKIIFOYaTH B KOHCTPYKIIIIO IIIapH,
[0 BUTOTOBJICHI 3 TIOJIIMEPIB a00 MeTaly.

Hamnpuknan, mapu MOXyTh MaTH Ha-
CTYTIHI PU3HAYCHHS

- 3JIaTHICTh BUTPUMYBATHU THUCK;

- 3IaTHICTh OJIOKyBaTH ab0 3HAYHO
3MEHIIIYBaTU MPOHUKHICTh KUCHIO 200 1H-
IIUX PEYOBHH KPi3b CTIHKY TPYOH;

- 3JIaTHICTh CTBOPIOBATH aJIe31I0 MiX
apamMu CTiHKU TPyOWu;

- 3IaTHICTh OJIOKYBaTH a00 3HAYHO
3MEHIIUTH BIUIUB Y@ BHUNPOMIHIOBAHHS
Ta/ad0 COHSYHOTO CBITIIA;

- 3IATHICTh MEXaHIYHO 3axWINaTH Ycl
1HIII TI1apy (BHYTPIITHIN a0 30BHIITHIN IT1ap);

- 3IaTHICTh KOHTPOJIIOBATH TOB3/I0B-
’KHE BUIOBKCHHSI,

- 31aTHICTh (apOyBaHHs OaraToIiapo-
BUX TPyO (BHYTPIMIHBOTO 200 30BHIITHBOTO
mapy).

Jlesiki BIIAaCTUBOCTI MOXYTh KOMOIHY-
BaTUCh Y OJTHOMY HIapi.

o]

6 GENERAL CHARACTERISTICS

6.1 Appearance

When viewed without magnification,
the internal and external surfaces of pipes
shall be smooth, clean and free from any
scoring, cavities and other surface defects
that would prevent confor-mance with this
part of 1ISO 21003. The material shall con-
tain no visible impurities. Slight variations
in colour are permitted. The ends of each
pipe shall be cut cleanly and square to the
axis of the pipe.

6.2 Opacity

Multilayer pipes that are declared to be
opaque shall not transmit more than 0,2 %
of visible light, when tested in accordance
with ISO 7686. This requirement is not re-
levant to M-pipes.

7/ CONSTRUCTION

Multilayer pipes can include layers
made of polymer or layers made of metal.

For example, layers may have the fol-
lowing purposes:

- the ability to withstand pressure;

- the ability to block or greatly reduce
the permeation of oxygen or other sub-
stances through the pipe wall;

- the ability to create interlayer adhe-
sion;

- the ability to block or greatly dimi-
nish the effect of UV and/or sunlight;

- the ability to mechanically protect all
other layers (inside layer or outside layer);

- the ability to control the longitudinal
expansion;

- the ability to give the multilayer pipe
a colour (inside layer or outside layer).

Some characteristics can be combined
in the same layer.



s tpyO Tumy P, CTIMKICTh A0 THCKY
MO>K€ BM3HAYaTHUCh 3T1IHO 3 Ipoueayporo [
a6o npoueayporo Il (mus. poszain 9). V cy-
NEPEeUSIMBUX BUIIAJIKAX MAa€ BUKOPHUCTOBY-
Batuch npouenypa ll. JIns tpy0o tumy M,
CTIMKICTB 10 BIUTUBY TUCKY MOKE€ BH3Haua-
TUCH JinIIIE 3a mpoieaypoto 1.

8 TEOMETPUYHI
BJACTHUBOCTI

8.1 3arajbHi BUMOTH

Po3mipu Tpy6 3 GararomapoBoro CTiH-
KO0 MarTh BUMIpIOBaTUCh 3rigHo 3 1SO
3126.

8.2 Po3mipu Tpyo

PexomMeH10BaHO BETMYMHY 30BHIIIHBO-
ro aiametpa ooupatu 3rigHo 3 1SO 161-1.

BupobHuk TpyO MOBHHEH HajaBaTH Y
TEeXHIYHIM JOKyMEHTalli AeTalbHy 1H(Op-
MaIlif0 CTOCOBHO T€OMETPHYHHUX BIIACTHUBO-
CTel MPOAYKIli, BKIIOYAIOUYHM TOBIIUHY CTi-
HKHU TPYyOH, TOMYCKH MO TOBIIMHI KOKHOTO
mapy. Yci mapy NOBHHHI MaTH JTOCTaTHIO
TOBIIMHY, JJIsl TOro MO0 BIAMOBIIATH BH-
Morawm miei yactruau 1SO 21003.

9 CTIMKICTH JIO BILIUBY
TUCKY

9.1 loBrocrpokoBa CTilKicTh 10
BILIMBY THCKY (PppL)

JIOBrocTpoKoBa CTIHKICTh JO BILIUBY
TUCKY TpyO 3 0araromapoBOi0 CTIHKOIO
Moke BuMiproBatuck (mporenypa 1) abo
po3paxoByBatuch (mpouenypa I), sik 3a3Ha-
yeHo y 1SO 17456. IIpouenypa I moxe 3a-
CTOCOBYBATUCH JIMIIE ISl TpyO 3 Oarato-
[IAPOBOIO CTIHKOIO TUMY P, a KOHTpOIBbHI
BUINPOOYBaHHS MOBUHHI MPOBOJUTUCH MPH
MIHIMaJIbHOMY 3HAY€HHI TeMIEepaTypH T max,
HaBeneHi y 1SO 21003-1, tabmums 1 ans
gacy t = 8760 rog npu po3paxyHKOBOMY
HaIpy>KeHHI B CTIHI[ TPYOH.

9.2 Po6oumii Tuck (Pp)

Pob6ounii THCK TpyO pO3paxoBYETHCS 3
MOKa3HHWKAa JIOBTOCTPOKOBOI CTIMKOCTI 10
BIUTMBY THCKY, 3 ypaxyBaHHSM KJIaciB 3a-

JICTY B EN 1SO 21003-2:2011

For P-type pipes, the pressure strength

can be determined in accordance with pro-

cedure | or procedure Il (see clause 9). In

cases of dispute, procedure Il shall be used.

For M-type pipes, the pressure strength can

only be determined in accordance with pro-
cedure II.

8 GEOMETRICAL
CHARACTERISTICS

8.1 General
Dimensions of multilayer pipes shall
be measured in accordance with 1SO 3126.

8.2 Dimensions of pipes

The outside diameter should prefera-
bly be in accordance with 1SO 161-1.

The pipe manufacturer shall give de-
tailed information related to the geometrical
characteristics, including the wall thickness,
with tolerances for each layer, in a technical
file. All layers shall be of sufficient thick-
ness to meet the requirements of this part of
ISO 21003.

9 PRESSURE STRENGTH

9.1 Long-term pressure strength
(JE

The long-term pressure strength of
multilayer pipes can be measured (proce-
dure 1) or calculated (procedure 1), as de-
fined in ISO 17456. Procedure | can only be
used for multilayer P-pipes and validation
shall be carried out at a minimum tempera-
ture of Tna given in ISO 21003-1:2008,
Table 1, for t = 8760 h at the calculated
stress.

9.2 Design pressure strength (pp)

The design pressure strength is derived
from the long-term pressure strength, taking
In account the appiication classes and the
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CTOCYBaHHsSI Ta 3arajibHUX poOo4ux koedi-
I[IEHTIB, HaBEACHUX y BIAMOBITHUX JIOBI1J-
KOBHX CTaHJapTaxX Ha MPOAYKIIIO (JIUB. JT0-
natok B).

10 TEPMOCTIMKICTH

10.1 TepmocrTiiikicTs TPYO THIY P

Hnsa tpy6 tunmy P, mapm cridiki 10
BIUTMBY THCKY, MTOBHHHI BHUIIPOOOBYBATHCH
Ha TEPMOCTIMKICTh SK 3a3HAYCHO Yy BIATMO-
BIIHUX CTaHAApTax Ha MPOAYKIIIIO.

ToBiMHA CTIHKY 3pa3KiB MOBUHHA J0-
PIBHIOBaTH HAaWMEHIIIM TOBIIMHI CTIHKH y
Jiara3oHi JiaMeTpiB.

10.2 TepmocrTiiikicTs TPYO THIY M

10.2.1 Buympiwnii wiap

st TpyO Tummy M, cupoBHHA Ta BHYT-
pIIIHIN Iap MOBUHHI BUIIPOOOBYBATUCH HA
TEPMOCTIMKICTh 32 METOJIOM, HABEACHUM Yy
BIJINOBIIHOMY CTaHAApTI Ha MPOAYKIIIIO.
BunpoOyBaiibHi 3pa3Ky MOBUHHI MaTU MakK-
CUMAaJIbHY TOBIIMHY HE OUIbIlE€ JABOX BIJ
HaWTOHIIOI TOBUIMHHU CTIHKH, JOMYCTUMOT
JUTSI BHYTPINIHBOTO APy HAMPYKCHHS B
CTIHIII TPYOH, 110 CTBOPIOETHCS MPU BUIIPO-
OyBaHH1 TOBUHHO cTaHOBUTH 50 % Big Be-
JUYUHM, IO 3aCTOCOBYETHCS TIPU BUIPOOY-
BaHHI HANPYXEHHS MPOTITOM POKY, 3T1HO
3 BIJTMIOBIIHUM CTaHJApTOM Ha MPOMYKIIIIO,
0e3 BUHUKHEHHS TUIAaCTUYHUX PYHHYBaHb.

10.2.2 3oeniwnin wmap

TepMOCTIHKICTh 30BHIIIHBOTO IIApy
CTIHKM TpyOM Mae BH3HayaTUCh ab0 Ha
TpyOl 3 HAMTOHIIUM 30BHIIIHIM LIAPOM JJIsi
KOYKHOT T'pyIU PO3MIpiB, 3T1JIHO 3 T0AATKOM
C, abo, 3a yMOBHU, 110 30BHINIHIN IIap BH-
TOTOBJICHO 3 TOJTi0JIepiHIB, 3T1IHO 3 J0JAT-
koM C abo momarkom D HesamexHO Bix TO-
BIIMHU 30BHIIIHBOTO IIAPY.

11 MIIOHICTB 3BAPHOI'O
CTUKA Y TPYBAX TUITY M

MIinHICTh 3BapHOTO IIBA BUSHAYAETHCS
32 JIOMOMOTOI0 KOHTPOJBHUX TOYOK IpHU
BUNPOOYBAHHI HAa CTIMKICTh JO BHYTPIII-
HBOTO TUCKY 3rifHO 3 1SO 17456.

o]

overall design coefficients given in the re-
levant product standards (see Annex B).

10 THERMAL DURABILITY

10.1 Thermal durability of P-pipes

For P-pipes, the stress-designed layers
shall be tested for thermal stability as de-
scribed in the relevant reference product
standards.

The wall thickness of the test pieces
shall be equal to the smallest wall thickness
in the diameter range.

10.2 Thermal durability of M-pipes

10.2.1 Inner layer

For M-pipes, the material of the inner
layer shall be tested for thermal stability as
described in the relevant reference product
standard. The test pieces shall have a max-
imum wall thickness of 2 x the thinnest wall
thickness allowed for the inner layer. The
stress applied in this test shall be 50 % of
the stress for a 1 year test duration, in ac-
cordance with the relevant reference prod-
uct standard, without ductile failure occur-
ring.

10.2.2 Outer layer

The thermal durability of the outer
layer shall be determined either on the pipe
with the thinnest outer layer for each di-
mension group in accordance with Annex C
or, provided the outer layer is a polyolefin,
in accordance with Annex C or Annex D
irrespective of the thickness of the outer
layer.

11 STRENGTH OF THE WELD
LINE OF M-PIPES

The strength of the weld line is cov-
ered by the control points for the resistance
to inner water pre ssure test in accordance
with 1SO 17456.



12 BIJINAPYBAHHS

12.1 baraTtomapoBi Tpyou Tumy P
TpyOu Garartomraposi Tuny P moBuHHI
BIIITOB1IaTH BUMoOTram tadmuid 1.

Ta6auus 1 - Bumoru no BinmapyBaHHsS

JACTVY B EN ISO 21003-2:2011

12 DELAMINATION

12.1 Multilayer P-pipes
Multilayer P-pipes shall comply with
the requirements in Table 1.

Tablel - Requirements for delamination
Bumora Bun 3paskis Meroa BUNpoOyBaHHS
Requirement Test pieces Test method
Bincyraicts posmapysans  |EN 12293° EN 12293, BizyansHo
No delamination EN 12293° EN 12293, visual

% 3 BUKOpHMCTAaHHAM TapaMeTpiB BUIIPOOYBaHHS Bi/IIOBIIHOTO KJIacy 3aCTOCYBaHHS (JUB.
ISO 21003-5:2008, tabmuis 5).
“ Using the test parameters of the relevant application classes (see 1ISO 21003-5:2008, table 5).

12.2 bararomaposi Tpyou Tuny M
bararomapoi TpyOu Thnmy M mOBHHHI
BI/INIOBIZIATH BUMOT'aM, HaBEIEHUM Y TaOIuIIl 2.

Tadauus 2 - CTiiiKicTh 10 BiAIIapyBaHb

Table 2

- Delamination resistance

12.2 Muttilayer M-pipes
Multilayer M-pipes shall comply with
the requirements in Table 2.

Meron BunpoOy-

Fpu =15 N/cm, No de-
lamination

Buwmora KonauiiroBanus Bun 3pa3kis
Requirement Conditioning Test pieces DAty
Test method
Cwa aaresii Fpy > 15 |Tlepen Ta micist KOHAMIIIFO-
H/cm, BigcyTHicTs Bin- |[Banus 3rigao 3 EN 12293
HIapyBaHb Before and after condition- | 1SO 17454 ISO 17454

ing in accordance with EN
12293"

JapT Ha MPOJIYKIIIIO.

% 3 BUKOPHCTAaHHAM IIapaMETPiB BUIPOOYBAHHS BiIIIOBIAHOIO KIIacy 3aCTOCYBaHHS (JIUB.
ISO 21003-5:2008, tabsmuris 5). s CTBOpEHHS MONEPEAHBOIO HAIPYKEHHS YaCTHHH
3pa3ka A, NOBMHHI BpaXxOBYBaTHUCh PO3MIPH BHYTPIIIHBOIO 1IAPY Ta AOBIIKOBUHN CTaH-

* Using the test parameters of the relevant application classes (see SO 21003-5:2008, ta-
ble 5). To pre-stress branch A of the test piece, the reference product standard and the di-
mensions of the inner layer shall be used.

13 OIIIP KUCHEBOI

INPOHUKHOCTI

YV Bumagkax Koiau HeoOXI1aHa CTii-
KICTh [0 MPOHUKHOCTI KHUCHIO, TPYOH TIO-
BHHHI BIIIOBIIATH BUMOraM tadmumi 3.

3.

13 OXYGEN PERMEABILITY

In such instances where resistance to
oxygen permeation is required, the pipes
shall comply with the requirements in Table
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Tadoauusa 3 - KucHeBa npoHUKHICTH

Table 3 - Oxygen permeability
Kirac 3acrocyBanns | Temmeparypa Bu-
(muB. 1SO 10508) npoOyBanHs, °C Buwmora, Foy, 116 Merton BunpoOyBaHHS
Application class | Test temperature, | Requirement, Fo,, day Test method
(see 1SO 10508) °C
<0,32 MI/M°
4 40 <0.32 mg/m? ISO 17455
< 3,6 Mr/M”
5 80 <3.6 mg/m’ ISO 17455
14 ®I3UYHI TA XIMIYHI 14 PHYSICAL AND CHEMICAL

BJACTHUBOCTI

VY pasi, KO BUPOOHUK JIEKJIAPYE Bi-
JANOBIAHICTh MPOAYKIT CTaHAAPTY, (Pi3nyH1
XapaKTEPUCTUKU MPOAYKI[li MOBUHHI Iepe-
BIPSITUCH 3TIIHO 3 BIAMOBIIHUM PO3JLIOM
CTaHJapTy Ha MPOIYKIIIIO.

Jljis MeTaneBoro mapy BUTOTOBIIIOBAY
MOBUHEH BU3HAYUTH MEXY MIIHOCTI, OJ0-
B)KEHHS MPY PO3PUBAHHI i TOBIIMHI CTIHOK,
BKJIFOYHO 13 JIOIIYCKAMH.

15 BUMOI'M 10 AKOCTI

Komu Tpybu 3 GararomapoBoro CTiH-
KO10 3rigHo 3 miero vactuHoro 1SO 21003
3'€IHYIOThCA Mk CO000, TpyOu Ta ix 3'en-
HaHHSA MMOBHHHI Bigmosigatu BuMoram ISO

21003-5.
16 MAPKYBAHHA

16.1 3arajabHi BUMOrH

16.1.1 Jlerani MapKyBaHHS TOBHHHI
OyTu HaHeceHl abo BiadopMoOBaHiI Ha MOBE-
pPXHI TpyOH 3 iHTEpBaJIIOM He Olnbiie 1 M 13
3aCTOCYBaHHSAM CIOCOO0y, 10 3abe3nedye
YITKICTh MapKyBaHHS Ticlis 30epiraHHs,
00pOoOKHU 1 MOHTaXy TPYO.

Bupobnuk  He  BiamoBimae  3a
HEMOXJIMBICTh TIPOYNTATH MapKyBaHHS Ha
BHUpOO1, y BUIMAJIKY, SIKIIO BOHO 3adapOoBa-
HO, TOJPSATIAHO, TMOKPUTO IHIIMMH JIETaJIs-
MU ab0 BIIMHTO MHHHHUMH 3aco0aMu, 3a
BUHSITKOM BHIIAJIKIB, TOTO/DKEHUX 1 00Yy-
MOBJIEHUX 3 BUPOOHUKOM.

10

CHARACTERISTICS

Wherever the manufacturer declares
the reference product standard, the applica-
ble physical characteristics shall be checked
in accordance with the corresponding
clause of this reference product standard.

For the metal layer, the manufacturer
shall specify the tensile strength, the elon-
gation at break and the wall thickness in-
cluding tolerances.

15 PERFORMANCE
REQUIREMENTS

When multilayer pipes conforming to
this part of 1ISO 21003 are jointed, the pipes
and joints shall conform to 1SO 21003-5.

16 MARKING

16.1 General requirements

16.1.1 Marking details shall be printed
or formed directly on the pipe not less than
once per metre in such a way that after sto-
rage, handling and installation, legibility is
maintained.

The manufacturer is not responsible
for marking being illegible due to actions
such as painting, scratching or covering of
the components, or due to the use of deter-
gent, etc., on the components, unless agreed
or specified by the manufacturer.




16.1.2 MapkyBaHHS HE TOBUHHE BH-
KJIMKATH TPIIMH a00 1HIMX AedEeKTiB, 110
HETaTHBHO BIUIMBAIOTH HA AKICTH TPYOH.

16.1.3 k110 BUKOPUCTOBYETHCS
APYK, KOJip APyKOBaHOi iH(popMallii Mae
BIIPI3HATHCS BiJl 6a30BOTO KOJIBOPY TPYOH.

16.1.4 Po3mip MapKyBaHHS TOBUHEH
OyTu TakuMm, Mmoo HWOro MoXkHA OYJIO TIPO-
guTaTH 0€3 301IbIICHHS.

16.2 MiniMaJibHI BUMOTH 10 MapKy-
BaHHsI

MinimManeHui ckiaj iHGopMallii npu
MapKyBaHHI TpyOM Ma€ BIJIIOBIIaTH HaBe-
JeHOMY B Ta0uill 4.

JICTY B EN 1SO 21003-2:2011

16.1.2 Marking shall not initiate cracks
or other types of defect which will adversely
influence the performance of the pipe.

16.1.3 If printing is used, the colour of
the printed information shall differ from the
basic colour of the pipe.

16.1.4 The size of the marking shall be
such that it is legible without magnification.

16.2 Minimum required marking

Minimum required marking of the pipe
shall comply with the requirements in Table
4.

Ta6auus 4 - MiHiMalIbHI BUMOTH JI0O MApKyBaHHSI

Table4 - Minimum required marking
MapkyBaHHs
[ndopmarris Marking
Information Tpy6u tumy P Tpy6u turry M

P-pipes

M-pipes

Homep 1iporo cranmapry *
Number of this International Stan-
dard ?

JCTY b EN ISO 21003
ISO 21003

JCTY b EN ISO 21003
ISO 21003

HasBa BupoOHuKa Ta/ab0 TOpriBe-
JIBHO1 MapKu

Manufacturer's name and/or trade
mark

Ha3Ba 4YH KO/I
name or code

Ha3Ba 44 KO/I
name or code

HoMinanpHUH 30BHIIHIN glaMeTp
1 HOMIHAJIbHA TOBIIIMHA CTIHKHA
Nominal outside diameter and
nominal wall thickness

Harnpukiam, 32 X 2,5
e.g.32x2,5

Hampukianm, 32 X 2,5
e.0.32x2,5

KoHcTpyKiiist Tpy6u > ©
Composition of the pipe ™

Hanpukiana, PE-
Xb/EVOH/PE-Xb a6o PE-
Xc/06ap'epunii map/PEX-C
abo PEXa/PVC-C

e.g. PE-Xb/EVOH/PE-Xb
e.g. PE-Xc/6ap'epuuii
map/PEX-C e.g PEX-
a/PVC-C

Hanpuknana, PE-
Xb/AL/PE-Xb
e.g. PE-Xb/AL/PE-Xb
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JCTY B EN ISO 21003-2:2011
Kinenp Tabaum 4

MapkyBaHHsA
[Hdopmaris Marking
Information Tpy6u tumy P Tpy6u turry M
P-pipes M-pipes

Knac 3acTocyBaHHs pa3oM i3 po- |HampHKIa, kiac 5/6 6ap |Hampukian, kiac 2/10 Gap
00YHMM THCKOM e.g. Class 5/6 bar e.g. Class 2/10 bar
Application class with design
pressure
Henposopictb HaIPUKJIA, HETPO30pa  |HAMPHUKIIAJ, HEMPOo30pa
Opacity e.g. Opaque e.g. Opaque
[Hdopmartis BUpoOHIKA e e
Manufacturer's information

® MapkyBaHHs OPOIYKIIii T03HAYEHHAMM OKpeMHX 4acTuH ctanaapty 1SO 21003 (na-
npukian, 1ISO 21003-2) na Tpy6ax He qomycKaeThes. TiIbKU CUCTEMH, 1110 MOBHICTIO BijI-
MOBI1JIal0Th BUMOTaM MOBHOTO cTtanaapty, 1SO 21003-1, ISO 21003-2, 1SO 21003-3 Ta
ISO 21003-5 moxyTh MapkyBaTuch no3Hakoro 1SO 21003.
* Marking with individual parts of ISO 21003, e.g. ISO 21003-2, on pipes, is not permit-
ted. Only systems in accordance with the standard, 1SO 21003-1, ISO 21003-2, ISO
21003-3 and 1SO 21003-5, shall be marked with ISO 21003.
by MOPAAKY 3 cepenrHu Ha30BHI. [1lapu ket He BKazytoThcsi. BUpoOHMK MOBUHEH Jie-
KJIapyBaTH 1HIII (HE CTiiKi 10 BIUIMBY THUCKY) IIAPH.
® In the order from inside to outside. Adhesives are not mentioned. The manufacturer may
also indicate other (non-stress-designed) layers.
¢ Il cupounu PE-X moBuHEH 3a3HAYATUCH THIT 3IIUBAHH: IepoKcHIoM - PE-Xa cuita-
HOM - PE-Xb enexrponnum npomenem - PE-Xc nazepom - PE-Xd [Ins cuposunu PP mo-
BHHEH 3a3HayaTuch Tun PP: romonommep - PP-H 6nok-conomnimep - PP-B pangom-
cononimep - PP-R Ing marepianis PE-RT neo6xinno 3a3navaru tun PE-RT (qus. ISO
22391-2): PE-RT, tun I PE-RT, Tum |l
° For PE-X materials, the type of crosslinking shall be mentioned: Peroxide PE-Xa Silane
PE-Xb Electron beam PE-Xc Azo PE-Xd For PP materials, the type of PP shall be men-
tioned: Homopolymer PP-H Block polymer PP-B Random copolymer PP-R For PE-RT
materials, the type of PE-RT shall be mentioned (see 1SO 22391-2): PE-RT, type | PE-
RT, type Il

SKI1110 BKa3y€ThCsI BUPOOHUKOM.
9 If declared by the manufacturer.
® JIns MOKITMBOCTI BiJICTEKMTH TTOXOKEHHS, HEOOXiIHO HaJaTH HACTYIHI JaHi: a) Iepiog
BUTOTOBJICHHS, PiK 1 MiCSI[b BUTOTOBJICHHS, B I (pax uu koaoMm; b) Ha3Ba abo KO MicIis
BUPOOHUIITBA, SIKILIO BUPOOHUK BUPOOJISIE€ MPOAYKIIIIO Ha ICKIJIKOX 3aBOaX.
® To provide traceabiiity, the following details shall be given: a) the production period,
year and month, in figures or in code; b) a name or code for the production site if the
manufacturer is producing at different sites.
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JACTVY B EN ISO 21003-2:2011

JOJATOK A ANNEX A
(000B'sI3KOBHIA) (normative)
MNEPEJIIK BIZIIMMOBIJIHUX LIST OF REFERENCE PRODUCT
CTAHJIAPTIB HA TPOAYKIIIIO STANDARDS

Ta6auus A.1 - [lepemik 7OBIAKOBUX CTaHIAPTIB HA TIPOTYKITIFO

Table A.1 - List of reference product standards
Marepian BiamoBimHmiA cTaHAAPT HA IPOTYKIIIIO
Material Reference product standard
PB ISO 15876-1, 1ISO 15876-2, ISO 15876-3, ISO 15876-5
PE-RT ISO 22391-1, 1SO 22391-2, ISO 22391-3, ISO 22391-5
PE-X ISO 15875-1, 1ISO 15875-2, 1SO 15875-3, ISO 15875-5
PP ISO 15874-1, 1SO 15874-2, 1SO 15874-3, ISO 15874-5
PVC-C ISO 15877-1, 1SO 15877-2, 1SO 15877-3, ISO 15877-5
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JCTY B EN ISO 21003-2:2011
TOJATOK B

(000B's13KOBUIA)

KOE®DIHNIEHTH 3AITACY MIITHOCTI
JJIAA TPYD 3 BATATOIIAPOBOIO
CTIHKOIO

B.1 TpyOu mosimepHni 3 6araroma-
POBOIO CTIHKOIO (TiJIbKH MOJIIMEPHI 1m1a-
pu), AJis1 SIKUX TOBIOCTPOKOBA ripocra-
TUYHA MIIIHICTH 0yJIa BU3HAYEHA IS
KOKHOT'0 MaTepiaJy, i 1Jf IKUX Bigomi
po0oui koedinieHTH (32 MeTOAOM pPO3pa-
XYHKY)

JIOBrocTpokoBa TiApOCTaTHYHA MIII-
HICTb PO3PaxOBYETHCS 3a MPABHUIOM J0]1a-
BaHHSI, TIPU SIKOMY CTIMKICTb JI0 THCKY KO-
’KHOTO IIapy, MPU3HAUYECHOTO JJIs I[bOTO, i-
JICYMOBYETBCH.

JIOBroCTpOKOBa TipOCTaTUYHA MIII-
HICTh (CTIMKICTh O BHYTPIIIHBOTO THUCKY)
BPaxOBY€ HIDKHIO MEXY JIOBIpH JIsi TPO-
THO30BAHOTO T1APOCTATUYHOIO THUCKY PppL
(sSIK 3a3HAYAETHCS Y BIJIMOBIAHOMY JOBIJKO-
BOMY CTaHJapTi), KOE(ILIEHT 3amacy Mill-
HOCTI Ta pO3MipH KOXKHOTO II1apy.

B.2 Tpyou nosimepHni 3 6araroma-
POBOIO CTIHKOIO (TLILKH MOJIIMEPHI 11a-
pu), 1JI5 AKUX P p. € HEBIZIOMOI0, HATO-
MiCTh BU3Ha4YeHi po0o4i koedimieHTH
JJI51 KOSKHOTO BHYy CUPOBHUHMU (32 METO-
J0M BUIIPOOYBaHb)

JIOBrocTpoKOBa TipOCTaTUYHA MIII-
HICTh KO>XHOI OKpEeMOi KOHCTPYKIii (CTIH-
KM ) BU3HAYAETHCS 32 METOAOM 3rijgHo 3 1SO
9080. CriiikicTh 10 TUCKY BU3HAYAETHCS 3
ypaxyBaHHSM HIKHBOT MeEX1 JOBIpU IJIs
MIPOTHO30BAHOTO T1IPOCTATUYHOTO THUCKY
PLpL (3a3HAYCHUI Y BIAMOBITHOMY JIOBIIKO-
BOMY CTaHAapTi) Ta 3arajlbHUi poOOUnit
Koe(DiIieHT, po3paxoBaHUl 3 OKPEMHX PO-
06oumnx Koe(dIiIieHTIB Ta X YacTUHU (BI1ACOT-
KOBO1) Yy 3arajbHiil TOBIIWHI CTIHKH, 10
SIKOT BIH 3aCTOCOBY€ETHCS:
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ANNEX B
(normative)

DESIGN COEFFICIENTS FOR
MULTILAYER PIPES

B.1 Multilayer polymer pipes (only
polymer layers) for which the long-term
hydrostatic strength has been determined
for each material and for which the de-
sign coefficients are known (calculation
method)

The long-term pressure strength is cal-
culated using the additive rule, adding the
pressure strength of each layer intended to
be stress-bearing.

The long-term pressure strength (resis-
tance to pressure) takes into account the
lower confidence limit of the predicted hy-
drostatic strength, p.p_ (as stated in the re-
levant reference product standard), the de-
sign coefficient and the dimensions of each
layer.

B.2 Multilayer polymer pipes (only
polymer layers), p.p. Not known, design
coefficients for each material known (test
method)

The long-term pressure strength of.
each individual construction is determined
using 1SO 9080. The pressure strength takes
into account the lower confidence limit of
the predicted pressure, p.p. (as stated in the
relevant reference product standard), and an
overall design coefficient calculated from
the individual design coefficients and the
fraction (percentage) of the total wall thick-
ness to which they apply:



e e
CEO( = —1>< C1 +—2>(Cz+...+e—n>( C )
Stot 1ot

ae:
€4, €3, €, — TOBLLUMHM CTIHOK OKPEMMUX LWapiB, CTii-
KMX 80 BNAMBY TUCKY;
€4pt— 3aranbHa TOBWMHA CTIHKW APIB, CTiRkuX 8o
BMAWBY TUCKY,
Cs, Gy, C, = xoegitieHTn 3anacy milHOCTi OKpe-
MUX LIAPIE, CTIHKUX 40 BMAWBY TUCKY,
Cior — 3@ranbHuit xoedilieHT 3anacy MILHOCT
koediLienT.

B.3 TpyOu 3 GararomapoBoio CTiH-
KOI0 3 IIapamMm 3 MeTaJjay (moJjiiMepHi Ta
MeTaJieBi mapu) (MeToa BUNIPOOYBAHD)

JIOBrocTpokoBa TipOCTaTHYHA MIII-
HICTh KOXKHOI OKPEMOi KOHCTPYKIIii (CTiH-
KHM) BU3HAYAETHCS 32 METOAOM 3rijgHo 3 1SO
9080. CriiiKicTh 10 THCKY BHU3HAYAETHCS 3
ypaxyBaHHSM HIKHBOT MeEX1 JOBIpU IJIs
MIPOTHO30BAHOT'O T1APOCTATUYHOIO THUCKY
PLp Ta poOOYOTO KOEdili€eHTa BHYTPILI-
HBOTO Iapy.

JCTY b EN ISO 21003-2:2011
(B.1)
ot
where:
&y, &5, e, — are the wall thicknesses of the indivi-
dual stress-designed layers,

4, —is the total wall thickness of the stress-desig-
ned layers;

Cy. C,, C, —are the design coefficients of the indi-
vidual stress-designed layers;
C,o¢ — is the overall design coefficient.

B.3 Multilayer metal pipes (polymer
and metal layers) (test method)

The long-term pressure strength of
each individual construction is determined
using 1SO 9080. The pressure strength takes
into account the lower confidence limit of
the predicted pressure, p.p., and the design
coefficient of the inner layer.
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JCTY B EN ISO 21003-2:2011
JTOJATOK C

(000B's13KOBUIA)

BU3HAYEHHS CTIMKOCTI JIO
PO3TPICKYBAHHS 30BHIINIHbBOI'O
IIAPY TPYDb TUITY M HICJIA
MOJAEJIOBAHHSA CTAPIHHA
HJIAXOM IIPOI'PIBY ¥
TEPMOILHA®I

C.1 IlpuHuMn T2 MeTOX BUIIPOOYBAHHS

BunpoOyBanbHuii 3pa3ok TpyOou TUIY
M po3Mily€eThCs y JyXOBiH madi npu mia-
BUIICHIM TemmepaTrypl Ha BU3HAYEHUH
npoMixKok yacy. Ilicas Butpumku y madi,
3pa30K BUTMHAIOTh, 1100 BUKJIMKATH HEOO-
X1IHE OCbOBUH PO3TAT Y 30BHIUIHBOMY IlIa-
pi TpyOu. Ilicns 1poro 30BHINIHIN map Bi-
3yaJIbHO JIOCIHIKYIOTh Ha MPEAMET TPILIUH
Ta pyMHYBaHb.

C.2 BunpoOyBajibHUI PUCTPiH

C.2.1 [lyxoea wadgha

C.2.2 Illlabnon ons euzuny

ANNEX C
(normative)

DETERMINATION OF THE
THERMAL DURABILITY OF THE
OUTER LAYER OF M-PIPES FROM
RESISTANCE TO CRACKING AFTER
OVEN AGEING

C.1 Principle of the method

A test piece of M-pipe is placed in an
oven at an elevated temperature for a de-
fined length of time. After this oven aging,
the test piece is bent to produce a required
axial strain in the outside layer. The layer is
then examined visually for cracks.

C.2 Apparatus
C.2.1 Oven
C.2.2 Bending template

MozHaku:

1 — Tpy6a, 2 — ynop; 3 — NPUEAHYBANLHIIA WTY-
uep; 4 — sarnywka; 5 — sunpoboByBaHNN BITUHT,
6 — wafinoH ana BUrWHY; 7 — BepTUKaneHa na-
Herb, Ha AKiA 3aKkpinnexsnid BUNpobyBanbHUA Me-
xaHism; [, — 3aranbHa goexuna Tpybu; I, — aoe-
XuHa LWaBNoHa; r — pagiyc BUruHy

Key:

1 — pipe; 2 — stop block; 3 — connection nipple;
4 — end fitting; 5§ — test fitting; 6 — bending gauge;
7 — vertical panel on which test rig is mounted:;
I, —total length of pipe; I, - length of bending gau-
ge; r— bend radius

PucyHok C.1 — Burve 3a wadnonom
Figure C.1 — Bending ternplate

C.3 IIpouenypa

C.3.1 Bumpumka y oyxosiit wiagi
a) mnomionedinu 110 °C/1 pik;

b) PVC-C 95 °C/1 pik.
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C.3 Procedure

C.3.1 Oven aging

a) Polyolefins 110°C/1 year
b) PVC-C 95 °C/1 year.



C.3.2 fleghopmauin

a) Buraytu 3pa3ok TpyOu 3a J0MOMO-
ror0 1abJoHy, 1IEHTUYHOTO OINKCAHOMY B
EN 713 npu (23+2) °C, He MeHIIe HiX ue-
pe3 24 rop micis BUTOToBIEHHS Tpyou. Ila-
pameTpu BUTHHY HaBejieHo y Tadnmiti C. 1

b) IIBuakicte medopmarii: MiHiMa-
JpHA - 3 ¢, MakcuManbHe - 10 ¢ (71t moBHOT
nedopmartii).

Taomamusa C.1 - [TapameTpu BUTHHY

JICTY B EN 1SO 21003-2:2011
C.3.2 Deformation
a) Bend with a bending template simi-
tar to that described in EN 713 at (23 £ 1)
°C waiting at least 24 h after manufacture.
For the bending parameters, see Table C.1.

b) Speed of deformation; min. 3 s,
max. 10 s (for the complete deformation).

Table C.1 - Bending parameters
Martepian Tpy- | 3aranbHa 10BXKHHa TpY- | [JoBxkuHa madiaony A Bu- | Paniyc Buruny r
ou ou Iy ruHy |, Bend radius, r
Pipe material Total pipe length, I; | Length of bending gauge, |,
Momionedinn 10D 7,5D 16D
Polyolefins
XIIBX
PVC-C 10D 7,5D 28D

D - 30BHiMIHIi JlaMeTp TpyoH
D - Qutside diameter of pipe.

Paniycu BuUrmHy, HaBe[eH1 y TaOmuIl
C.1, Oynu oOpaHi AJi1 CTBOPEHHS! THYYKOTO
3% postary TpyO 3 momionedinis, Ta 1,75%
po3tary Tpy6 3 PVC-C.

Hpukaaa. lng tpyou 13 30BHILIHIM
aiametpom 32 MM, HEOOXiTHUHN paniyc BH-
TMHY PO3PaxOBYEThCS 32 HACTYNHUM piB-
HSIHHSIM:

R=16xD =16 x 32 Mmm = 512 mMmM.

[IpyxHa nedopmarrisi € 30BHINIHBOTO
1apy MO BIAHOIIEHHIO JO LIapy, A0 SIKOTO
HE JIOKJa/lajoCh HaBaHTa)XKCHHS BH3Haua-
€THCSI 32 HACTYITHUM PiBHSIHHSM:

e = [(r+D)/(r+D/2)]-1 = [17xD/16,5xD]-1 =
= 0,0303 (To6T0, 3 %).

C.4 Bumora

Ha 3oBHImHbOMY mmapi Tpyo He mo-
BUHHO OYTH BUJUMUX TPILIKH.

Bend radii in Table C.1 have been
chosen to give a flexural strain of 3 % for
polyolefin pipes and 1,75 % for PVC-C
pipes.

Example. For a pipe with an outside
diameter of 32 mm, the required bend ra-
dius is calculated as follows:

R=16 x D=16 x 32 MM =512 MM

The flexural strain, e, on the outer
layer relative to the unstrained layer of the
pipe is given by:

g = [(r+D)/(r+D/2)] - 1 =[17xD/16,5xD]-1=
=0,0303 (i.e. 3%).

C.4 Requirement

No cracks shall be visible in the outer
layer.
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JCTY B EN ISO 21003-2:2011
JTOJATOK D

(000B's13KOBUIA)

BU3HAYEHHS CTIMKOCTI JIO
PO3PUBAHHS ITIPU PO3TAL'Y
3O0BHIIIHBOI'O IIAPY TPYB THUITY
M IICJIsA MOJAEJIIOBAHHSA
CTAPIHHS HA 50 POKIB

D.1 llpuHuun BUNIpOOyBaHHS

BumnpoOyBanbHi 3pa3ku, BUTOTOBJIEHI
srigao 3 1SO 527-2, po3mimyoTs y 1yXxo-
BiM madi npu pizHUX Temmeparypax. Ilicis
BU3HAYEHOT'O MPOMIKKY Yacy BUTPUMYBAH-
HS TIpU 3a3HAYEHIN TeMIiepaTypi, BU3HAUYA-
€ThCSl TOKA3HUK BITHOCHOTO BUOBXCHHS
IIpU pO3pHBI B

I'padix BIIHOCHOTO TOJOBXKEHHS MPHU
PO3pUBI B, 1110 BUBHAYAETHCA K IMIPOLIEHTHE
BUJIOBXKEHHSI MPU PO3PUBI 3pa3KiB, L0 HE
BUTPUMYBAIUCH y madi, OyayeTbes 3a JIo-
rapumMoM yacy BUTPUMKH IPHU KOXKHIN 3
temnepatyp (auB. pucynok D. 1).

Jlorapugdwm vacy Oyayerbes sk rpadik Ha
mKam AppeHiyca 1o BiIHOIIEHHIO /10 LUKJII-
YHUX 3MIH TepMOJMHAMIYHOI (aOCOJFOTHOT)
TEMIIEPATYPH BUTPUMKH (IUB. prcyHOK D.2).

I'padix Ha KpuBIit AppeHiyca eKcTpa-
MOJIIOIOTh JUISI PO3paxyHKY TeMIlepaTypH,
3a SIKOI BUJOBXKEHHS TPU PO3pUBI Oyne
3MeHIIeHnM Ha 25% mnpotsirom 50 pokis,
abu BIAMOBITATH BUMOTaM KJIaciB 3aCTOCY-
BaHHs 3a3HaueHux y 1SO 10508.

Ipumirka. Meron 3acHOBaHMI Ha
BKazaHoMmy y ctanmapti 1SO 2578.

D.2 IlpucTpiii 1jis npoBeeHHS BU-
npodyBaHb

D.2.1 Hyxosa mada, 3rigao 3 SO
2578:1993, po3ain 9, 3 moXuOKO BUMIPIO-
BaHHs Temreparypu (£ 2) °C.

D.2.2 Po3puBHa MammHa, 3T1IHO 3 BH-
moramu SO 527-1:1993, 5.1. IIBuakicts
BUNMPOOYBAaHHS TMOBHHHA 3a3HAYaTUCh BU-
POOHMKOM Ta BIJIIOBIIATH BUMOTaM JI0 pe-
KOMEHJOBaHoi MmBUAKOCTI 3rigHo 3 1SO
527-1:1993, 5.1.2.

iRe]

ANNEX D
(normative)

DETERMINATION OF THE
THERMAL DURABIHTY OF THE
OUTER LAYER OF M-PIPES FROM
THE ELONGATION AT BREAK
AFTER 50 YEARS

D.1 Principle of the method

Test pieces, prepared in accordance
with 1ISO 527-2, are exposed in an oven at a
series of different temperatures. After a de-
fined period of exposure at a particular
temperature, the elongation at break, &s, of
the test piece is determined.

The elongation at break, s, expressed
as a percentage of the elongation at break of
unexposed test pieces, is plotted against the
log of the exposure time at each of the tem-
peratures (see Figure D.1).

The logarithm of time is then plotted
as an Arrhe-nius plot against the reciprocal
of the thermody-namic (absolute) exposure
temperature (see Figure D.2).

The Arrhenius plot is extrapolated to
determine the temperature at which the
elongation at break would be reduced to 25
% over 50 years, in order to meet the re-
guirements for the application classes speci-
fied in 1ISO 10508.

NOTE. This method is based on that
in 1ISO 2578.

D.2 Apparatus

D.2.1 Oven, meeting the requirements
of ISO 2578:1993, Clause 9, with a temper-
ature tolerance of = 2 °C.

D.2.2 Tensile-testing machine, meet-
ing the requirements of 1ISO 527-1:1993,
Subclause 5.1. Tne speed of testing shall be
as stated by the manufacturer and shall be
in accordance with the recommended speed
given in ISO 527-1:1993, Subclause 5.1.2.



D.3 IlixroroBka 3pa3kiB

3pa3ku MOBUHHI BIAMOBIaTH BUMOTaM
ISO 527-2:1993, po3ain 6. iX TOBIIMHA Ma€e
oytu 2,0 mm.

BurotoBuTH J0CTaTHIO KUIBKICTH 3pa-
3KIB JIJI1 BUKOHAHHS I'SSTH 3aMipiB JIJIsT KO-
’KHOTO 3 M'SITH PI3HUX YaCOBUX MPOMIXKKIB
BUTPUMKH TIPH KOXKHIN 3 TPHOX PI3HUX Te-
MIIEpaTyp BHUTPUMKH, TOOTO ISl KOKHOI
KpuBoi Ha pucyHky D.1 HeoOximHO He Me-
HI1Ie 25 3pa3KiB.

D.4 IIpouenypa

J1J1st BU3HAUYEHHS BUJIOBXKEHHS MIPHU PO-
3puBl 3pa3KiB, 10 HE BUTPUMYBAIUCH Y
magi, BUIPOOOBYIOTh HE MEHIIIE IT'SITH 3pa-
3KIiB y po3puBHii MamuHi (3rigHo 3 D.2.2),
3a metojoMm 3rigHo 3 1SO 527-1. Temnepa-
Typa BHUIOpPOOyBaHHS TIOBMHHA  OyTH
(23+2)°C. Cepenne apupmeTH4yHE Bia BU-
MIpSHUX BenW4uH mpuiiMaeThes sk 100%
BlJl BEJIIMYMHU TMOJOBXKEHHSA IpPU PO3PHUBI
BUIIPOOOBYBAHOI'O MaTepiaiy.

[Ticnst 11pOrO PO3paxoBYIOTH MOJIOB-
KEHHS TPU PO3PUBI 8 3a MPOIIEAYPOIO Bi-
nnosigHo 1o 1SO 6259-1:1997,9.1.

VY pasi, AKI0 30BHINIHIA 3aXUCHUN
miap BUTOTOBJIEHO 3 mojietuieHy PE, we-
00X1THO BUKOPHCTOBYBAaTH HACTYIHI TEM-
nepatypu: 110 °C, 100 °C, 90 °C (akmo
OLIBIII BUCOKI TEMIEPATYPH HE BKAa3aHO BU-
po6uukom: 120 °C, 110 °C, 100 °C).

VY pasi, AKI0 30BHIMIHIA 3aXUCHUU
miap BUTOTOBJIEHO He 3 mnomieTwieHy PE,
HEOOXITHO BHUKOPUCTOBYBATH TEMIIEpATy-
pH, 3asBJIEHI BUPOOHUKOM.

[Ipn KOXHIM 13 3a3HAYEHHUX TeMIlepa-
Typ BUTpUMATH HE MeHIe 25 3pa3KiB, BHiA-
MarouM iX, MO 5 MT. 32 OJUH pa3 13 madu
mpyu 301IBIIEHH] Yacy BUTPUMKH JJIsi KOH-
aumitoBands npu (23£2)°C ta BUIpoOyBaH-
HSl 32 METOJIOM, II0 BUKOPUCTOBYBABCS JJIs
3pa3KiB, 10 HE BUTPUMYBAIIUCH Y THadi.

Bupasutu BiTHOCHE TOJIOBKEHHS TIPU
pO3pHBI °8 3paskKiB, 10 YTPUMYBAIUCH Y
madi SK MPOIEHTHE CITIBBIAHOIICHHS BHU-
JOBXXEHHS TIPU PO3PUBI 3pa3KiB, 110 HE BU-

JICTY B EN 1SO 21003-2:2011

D.3 Test piece preparation

The test pieces shall meet the require-
ments of ISO 527-2:1993, Clause 6. Their
thickness shall be 2 mm.

Prepare sufficient test pieces to carry
out five determinations at each of at least
five different exposure times at each of
three different

exposure temperatures, i.e. for each
curve in Figure D.1 a minimum of 25 test
pieces will be necessary.

D.4 Procedure

To determine the elongation at break
of unexpo-sed test pieces, test at least five
test pieces on the tensiletesting machine
(D.2.2), using the method described in 1SO
527-1. The test temperature shall be (23 +
2) °C. The mean value of the measured
elongation at break is taken as the 100 %
value of the elongation at break of the test
material.

Calculate the elongation at break,e-of
the test pieces using the procedure given in
ISO 6259-1:1997, Subclause 9.1.

When the outer protective layer is
made of PE use the following temperatures:
110 °C, 100 °C, 90 °C (unless higher tem-
peratures are specified by the manufacturer
e.g. 120 °C, 110 °C, 100 °C).

When the outer protective layer is
made of a material other than PE, the tem-
peratures shall be as specified by the manu-
facturer.

At each of the exposure temperatures,
expose at least 25 test pieces, removing
them, five at a time, from the oven at in-
creasing exposure times for-conditioning at
(23 = 2) °C and testing, using the same me-
thod as with re unexposed test pieces.

Express the elongation at break,®s-of
the exposed test pieces as a percentage of
the elongation at break of the unexposed
test pieces.
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TPUMYBAINUCH Yy madi.

OTpuMaHi BeJTMYMHU TOBUHHI OyTH:

- IIOHAMMEHIIIE OJIMH PE3YJIbTAaT T10-
BuHEH ctanoBuTH Big 50 % 1o 75 %;

- IMOHAWMEHIIIe IBA Pe3yJIbTaTH T0-
BUHHI OyTH Big 25 % 1o 50 %;

- IIOHAMMEHIIIE OJIUH PE3YJIbTAaT T10-
BHHEH CTAaHOBUTHU He Oubie HiX 25 %.

Hanectn oTpuMaHi BETMYUHA Y BiCO-
TKax Ha rpadik Jorapudmy dacy ix BUTpHU-
Mk (auB. pucyHok D.1). Hakpecnutu
MpsAMY JUJISE KOJKHOI TeMITepaTypu. 3apeect-
pyBatu BeiauuuHH l0gt, 110 BIiAIMOBITAIOTH
TOYKaM TEPETHHY KPUBHUX TEMIEPATYypH 13
no3Hakow 25% (ropusoHTajlIbHA JIiHISA), Ta
HAHECTH 111 BEJIMYMHU HABIPOTH BEIUYUHU
1/T (auB. pucynok D.2).

Y14

The percentage values found shall be
as follows:

- at least one value shall be between
50 % and 75 %;

- at least two values shall be between
25 % and 50 %j;

- at least one value shall be lower than
25 %.

Plot the percentage values against the
logarithm of their exposure time (see Figure
D.1). Plot a curve for each temperature.
Record the values of logt corresponding to
the points of intersection of the temperature
lines with the 25 % value (horizontal line)
and plot these values against 1/7 as shown
in Figure D.2.

Moanaxu:

X, = logt (f, poxkis);
Y; — % gg (NOOOBXeHHA Npit po3puBi, BUpaXEHe,
SIK BIACOTOK Bif NEPBICHOIO NOAOBXEHHST NP pO3-
pUBI, Nepea skuM He NpoBOgVNachL BUTPUMKA B
HarpisancHin wadi);

T, T5, T3 — BuKopucTari Temneparyp sutpumii (°C).

X, —logt (tin years),

Y; — % ¢p (elongation at break expressed as a
percentage of the original, unexposed, elongation
at break,

Ty, To, T3 —exposure temperatures used (°C)

Pucyuox D.1 — Mpadik sigHowienHa 4acy BUTPUMKK 10 NOAGBMEHHS NPK ROIPUBI, BUPAXEHE Y BIACOTKAX
[0 NepPBICHOro NOAOBKEHHS NpU PO3PUBI, NEpes, AKMM HE NPOBOAMNACE BUTPUMKA B HArpiBanbHin Ladi

Figure D.1 - Log qf exposure time versus elongation at break expressed as percentage of original,
' ' unexposed, elongation at break
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e |
ot

¥
Ty
fMosHaku:
Xy = UT(T, °C);

Y, = logt (t, pokis),

T3, T3, T3~ BUKOPUCTHI TeMnepatypu sumpumia (°C),
T50y —~ TeMnepaTypa BUTPUMYBAHHRA, 33 AKOI Nic-
na 50 pokis BUTPUMKM, BiAHOCHE NOJOBKEHHS
ApK PO3PUBI SMEHLWKTLCA Ha 25 %.

-
X2
Key:
X =T (Tin°C),
Y, —logf (tin years),
Ty, T, T3 = exposure temperatures used (°C),

T5, — exposure temperature at which the elonga-
tion at break would be reduced to 25 % after
50 years

PucyHok D.2 — Mpadik cnieeigHowerHs 1/T ao fogf npwu 25 % 3MEHWEHHI BiAHOCHOTO NOJORXKEHHS NP PO3pUBI
Figure D.2 - 1/T versus log! ai 25 % reduction in elongation at break (see Figure D.1)

Po3paxyBaTu perpeciiiny KpuBY 3Tij-
HO 3 noxatkoMm A 1SO 2578:1993.

Busnauutu Ttemmepatrypu BUTPUMKH,
3a cTpoky ekcruryatamnii y 50 pokiB (7sgy),
3MEHIIATh BIAHOCHE MOJOBXEHHS MPHU PO3-
puBi 10 25 % Big X OpUTIHATHHOI BETUYH-
HU.

[Tomonedinu, s AKUX BIJHOCHE MO-
JOBXKEHHS MPU PO3PUBI Yy BIICOTKAX HE Ma-
nae Huokde 25 % Bij MOYaTKOBOI, BEJIUYMHA
MOJIOBXKEHHSI TIPU PO3PUBI MOXKE pPO3pPaxo-
ByBaTUCh miciig BUTpUMKu 8760 rox 3a Te-
mrepatypu 40 °C nonaj 6akaHoi Temrmepa-
Typu 3aCTOCYBAaHHS, 3 YpaxXyBaHHSIM €KCT-
panosisiitHoro koedimienta 50 Ha Temme-
patypy 3actocyBaHHsA. /[l Temmepatyp
BUIIKUX MeHIe Hik Ha 40 °C Big MpOrHO30-
BaHOI TEMIIepaTypHy 3aCTOCYBAHHSI, TOBUHHI1
3aCTOCOBYBATUCH EKCTPANOJISLIiHI Koedi-
ientu, HapeaeH1 y 1SO 9080.

Calculate a regression line in accor-
dance with 1SO 2578:1993, Annex A.

Determine the exposure temperature
which, over a lifetime of 50 years (Tsoy),
would reduce the elongation at break to 25
% of its original value.

Polyoiefins for which the percentage
elongation at break does not fall below 25
% of the original elongation at break after
8760 h at an exposure temperature 40 °C
above the desired application temperature
can be extrapolated with an extrapolation
factor of 50 on the application temperature.
For temperatures less than 40 °C above the
application temperature, the extrapolation
factors stated in 1ISO 9080 shall apply.
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JTOJATOK E

(000B's13KOBUIA)

BATATOIIAPOBI TPYBU TUITY M -
BU3HAUYEHHS POBOYOI'O TUCKY
(Po) TA BUKOPUCTAHHS ITIPABUJIA
MAWHEPA

E.1 IllpyuHumun

[lent 1OIATOK MOSICHIOE SIK BUKOPUCTO-
BYBAaTH NpaBuio MaiiHepa Uil pO3paxyHKy
pOOOUYOro THUCKY JIJIsl IEBHOTO KJacy 3acTo-
cyBanng (auB. 1SO 10508) 3a momomororo:

a) 3rigHo 3 1SO 17456 (Bu3HayeHHS
JIOBIOCTPOKOBOI CTIMKOCTI /10 BHYTPIIIIHbO-
ro tucky 3rigHo 3 1SO 9080 Ha ogun THIO-
pPO3MIp 3 TPyIN);

b) MareMaTHYyHOTO OMUCY JIiHEapUu30-
BaHUX KPUBHUX PipL, 3 BUKOPUCTAHHAM KOe€-
¢iuieHTIB (TphOX- ab00 YOTHPHOXIAPAMET-
pOBa MOJIETh).

Hpukaaa. us. pucynok E.1 (Ha pu-
CYHKY HE 300paK€HO JOBIJIKOBUX KPUBHUX ).

ANNEX E
(normative)

MULTILAYER M-PIPES - CHOICE
OF (Pp) AND THE USE OF MINER'S
RULE

E.1 Basics

This annex describes the use of Min-
er's rule to calculate the design pressure for
a specific class (see 1SO 10508):

a) following ISO 17456 (determina-
tion of the long-term pressure strength in
accordance with ISO 9080 on one dimen-
sion per group);

b) by mathematical description of li-
nearized p.p., curves, using coefficients (3-
or 4-parameter model).

Example. See Figure E.1 (the figure
does not illustrate reference curves).

'\
e = ¥
il
f i
~ P 20°C
: ]
Py 70°C
P BO°C —
10 b2 10 = 7% oLl
H1
i
L]
I f—-
0 x| %01
LU il
21 1 10 100 1000 10000 100000 1000000

t = vac (rop), {, ~ 4ac {pokie), p — Tuck (Bap),
P — HWKHA MEXa A0BIPKH AN NPOTHO30B2HOTO
rigpoCTaTUUHOMG TUCKY

t

t — time (h), t, — time (years), p — pressure (bar),
Py o — lower confidence limit of the predicrtsd
hydrostatic pressure (bar)

Pucysox E.1 - 3pasok giarpamMu QOBroCTPOKOBOT CTIAKOCTI A0 AT BHYTPILLHBOTO TUCKY ANS Tpy6 Tany M
{po3mipu 32 MM x 3,0 MM, PE-Xb/AL/PE-Xb)
Figure E.1 ~ Example of long-term pressure strength diagram for M-pipes
{dimensions 32 mm x 3 mm, PE-Xb/AI/PE-Xb)
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PospaxoBani 3 kpuBux rpadika Ha pu-
cyHky E.1 xoedimienT 11s PLp. HaBEACHO
HIDKYE!

C; = -106,645;
C, = 72575,027;
C; =-29,692;

C, =-18743,294.
E.2 3araabua moaes 3riguno 3 1SO
9080

ogt = C1+{ 2 ) (Ca roge) « 2085 o,

he:

{ — yac A0 pyAHYBaHHS, rof,;

T — remnepatypa, Kenbsin (°C + 273,15);

G — HanpyXeHHs B cTiHUi Tpybu, MlMNa;

C—-C, - napameTpu, WO BUKOPHUCTOBYBAAWUCL
NPyt MOAENIOBAHHI;

e - noxubka amiHHOT, Wo Mae poanoineHHa Jlan-
nac-layca, i3 HYNMLOBOK) CepEeiHLOI0 BEMNYUHOW
Ta nocTiiHOKW agncnepcicto (noxnbin BBAXAKTLECA
HesanexHumm) (e = 0).

3aMiHIOEMO BENUYMHY ¢ (HanpyXeHHA B CTiHui
TpyOu) Ha BENUYNHY P (TUCK) Ta poBUMO KOPEHEM
piBHAHHA logp:

{Iogt—c1 -%3)

JICTY B EN 1SO 21003-2:2011
The coefficients calculated for pLPL from
the curves in Figure E.1 are as follows:

C, =-106,645;
C, =72575,027,
C; =-29,692;

C, =-18743,294.
E.2 General model from 1SO 9080

7 (ED)

where:

t is the time to failure, in hours;

T is the temperature, in Kelvins (°C + 273,15);
c is the hoop stress, in megapascals;

C, to G, are the parameters used in the model;

e is an error variable, having a Laplace-Gaussian
distribution, with zero mean and constant varian-
ce (the errors are assumed to be independent)
(e =0).

Replace the ¢ (hoop stress) values by p (pressu-
re) values and make logp the subject of the
equation:

logp = c (E.2)
(%)
T
(Iogt—C1 -i)
p=10 (E3)
{C3 + 9—-4 }
7
ae: where:

P — TUcK, Bap;

f —vac, ron;

T ~ abconioTHa TeMmnepartypa, KenbBiH (Hanpwk-

nag, 20 °C = 273,15K + 20 = 293,15K);

C~C4 ~ KoedilieHT 4YOTUPLOXNAPaMETPOBOT

Moaeni.

Ipumitka. Koeodilientn € 4rHHU-

MU JIUIIE Ul IbOrO NpukiIany. Jims Kox-
HOI I'pyIu pO3MIpIB Ta KOKHO1 KOHCTPYK-
11ii HeoOX1HO BUPAXOBYBAaTU OKPEMi KO-
edirmieHTH.

p is the pressure, in bars;
tis the time, in hours;

T is the absolute temperature, in Kelvins (e.g.
20°C = 273,15 K + 20 = 293,15 K);

C, to C, are the coefficients in a four-parameter
model.

NOTE. The coefficients are valid
for this example only. For every group of
dimensions and every construction, indi-
vidual coefficients are needed.
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Pe3ynbTatu po3paxyHkiB 3a cTaHAAp-
THUM MeTojioM ekcTpanoJsiiii (CME), na-
BeneHl y 1SO 9080, € koedimienTamu 11s
Pirhs (Ourks) . Jlas Toro, mo6 OTpEMATH
KoediieHTn s Puee e HeobximHo
NPOBECTHU TMEPEPAXyHOK Ta JIIHEApU3allilo,
3aCHOBaHI Ha BEJIMYMHAX HIKHBOT MEXI
noBipu. lle BUKOHY€THCS HACTYITHUM YH-
HOM.

BukopucToBytoun 4oTHUpbOXMIapame-
TPOBY MOJIEJb MPOTPAaMHOTO 3a0e3MeueH-
Hs 11 po3paxyHKky CME BiamoBigHo 110
ISO 9080, po3paxoBytoTh P7Hs (OLtHs) s
TpyO 3 OaraToapoBoO CTIHKOIO TUITY M.

Bingbupatorscs pesynbratn Pret Oipt)
npu Temmeparypax 20°C, 60°C a6o 80°C,
95 °C ta 110 °C gns 6araromapoBoi Tpy-
ou tuny M npu 100 roa, 1000 rox, 2000
roz, 3000 rox, 4380 rox (0,5 poky), 5256
ronx (0,6 poky), Ta 6132 rox (0,7 poky) Ta
BUKOHYETBCSA PO3PaxXyHOK 3a JTOTIOMOTOIO
nporpamuoro 3ade3neueHns CME.

Tenep 4-mapameTpoBa MOJENb 3TiJI-
HO 3 1SO 9080 mae HOBI JiHEapu30BaH1
BesmunHu 111 Cy C, Cz ta Cy, 10 1AIOTH
3Mmory otpumatu Piet et g Tpy6 3 Ga-
raToIapoBOI0 CTIHKOIO TUITY M.

E.3 [Ipuxkaax po3paxyHKy aJs
KJIACY 3aCTOCYBAHHA 2

E.3.1 Bapianm 1. euxopucmanns
pesyavmamie pospaxyukie CME

Jna pospaxynkiB CME Bukopucro-
BYIOTh OOYMCITIOBAJIbHI MAIIMHU 13 Cena-
JBHUM MPOTPaMHHUM 3a0€3MeYeHHSIM (JUB.
ISO 9080). Ile nporpamue 3a0e3rneUcHHS
noBuHHE Bignosigatu sumoram 1SO 9080.
[Ticns 3amiaM BeMMUWHU a (HAMIPYKEHHS B
CTIHII TPYOM) Ha p (BeNMUYMHA THUCKY), PE-
3yNbTaTd MOXXHA BUKOPHUCTOBYBATH JUIS
PO3PaXyHKY KyMYJISTUBHUX TIOITKO/KEHb.

E.3.2 Bapianm 2: oopamu eenuuu-
HY 0214 pp

3rigno 3 1SO 10508, nmoBuHHI po3r-
JSJATUCh HACTYTHI YMOBHU €KCIUTyaTallli:
1o = 70 °C mpoTsAroMm BHU3HAYEHOTO MpPO-
MDKKY 4dacy 49 pokiB;

The results of the standard extrapo-
lation method (SEM) given in ISO 9080
are the coefficients for Prws (Siws) | To
obtain the coefficients for p.p. ©tech re-
calculation and linearization, based on the
values of the lower prediction limits, is
required. This is done as follows.

By using the four-parameter model
of the SEM software of 1SO 9080, calcu-
late PuHs Gums) for the multilayer M-

pipe.

Take thePes Geeresults at the tem-
peratures 20 °C, 60 °C or 80 °C, 95 °C
and 110 °C of the multilayer M-pipe at
100 h, 1000 h, 2000 h, 3000 h, 4380 h
(0,5 years), 5256 h (0,6 years) and 6132 h
(0,7 years) and perform another calcula-
tion with the SEM software.

Now the 4-parameter model of ISO
9080 has new linearized values for C1 C,
C; and C,, describing thePie Girof the
multilayer M-pipe.

E.3 Example for application class
2

E.3.1 Option 1. Use of the SEM
software results

A software package for SEM calcu-
lations can be obtained (see 1SO 9080).
This software package complies with the
specifications of 1ISO 9080. After the re-
placement of a (hoop-stress values) by p
(pressure values), the results shall be used

for the calculation of the cumulative
damage.

E.3.2 Option 2: Choose a value for
Po

According to ISO 10508, the follow-
ing service conditions shall be consi-
dered:
To = 70 °C over a fixed period of 49
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years;
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Thax = 80 °C poTsSroM BU3ZHAYEHOTO
npoMikKYy yacy 1 pik;
Tial = 95 °C npoTsiroM BU3HAYEHOTO
npomikky gacy 100 rog;
BupoOuuk/po3pobHuk TpyOu 3 6ara-
TOILIAPOBOIO CTIHKOIO TOBHHEH BUOpATH
BEIIMYUHY POOOYOTO THCKY Pp.
Jlist mporo mpukitany pp = 10 Gap.
OCKUIBKM y LIbOMY BHNAJKy BHYT-
pimHii map BurotoBieHo 3 PE-X, s
pPO3paxyHKy Pcp HEOOXIJIHO BHUKOPHUCTO-
ByBaTH po0O0ul KOe(DIIIEHTH 3 BIATMOBIJ-
HOTO CTaHAAPTY.
To :1,5(T0: TD),
Thax= 1,3.
Tma = 1,0.
3a mpaBmiioM Maiitnepa 3rigHo 3 1SO
13760 po3paxoBylOTH CyMmMapHE pidHE
nomkopkeHHss (TYD) 3 BUKOpHCTaHHAM
HACTYITHOT'O PIBHSHHS:

Tmax = 80 °C over a fixed period of 1
year;

Tma = 95 °C over a fixed period of 100 h.

The manufacturer/designer of the
multilayer pipe has to choose a value for
Po.

For this example: pp = 10 bar.

As the inner layer is made of PE-X
in this case, the design coefficients from
the reference product standard for PE-X
shall be used for the calculation of pcp.

To :1,5(T0: TD),
Tmax=1,3.
Tma = 1,0.

Using Miner's rule in accordance
with 1SO 13760, calculate the total yearly
damage (TYD) using the following equa-
tion:

a.
TYD =2t+, (E.4)
1

BUpAXeHe AK BifICOTKOBE BiAHOLIEHHA A0 3aranb-
HOrO [ONYCTAMOrO MOLLKOIMKEHHS.

PospaxoeyloTs MakcumansHUWA JonycTUMKA Jac
BUKOPUCTAHHA {, POKIB, 3 BAKOPUCTAHHAM Hac-
TYMHOO PIBHAHHSA;

t =

VD

expressed as a percentage of the total permissib-
le damage.

Calculate the maximum pennissible time of use,
t.. in years, using the following equation:

100 (E.5)

Tadoauus E.1 - [Tpuknan npakTHYHOTO 3aCTOCYBaHHs npaBuia Malinepa
Table E.1 - Example of the actual use of Miner's rule
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Mpomixok | NpoMixoK Koeditjent | Pospaxosana
Temnepatypa qg o qgc 29 3anacy Pco = Yact® rog | Anvrepratve-
Temperature Fra?:i’on 'gf Frac)t,ior,'n ;f MiyHocTi C = (pp x C) Time, t?, HO, %/ron
considered i hours | time. a % Design Calculated hours alt, %/ hours
'me, hot 127 coefiicient, C| pep = (pp < C)
Ta=70°C |f,=429240 a,=97,98 1,5 15 48974981 12,000613 <« 1074
Trax =80 °C| £, = 8760} &, "2 1,3 13 4625515,46 |4,323842 x 10~7
Tral = 95°C| £, =100 |a,=0,02283 1,0 10 767547916800/ 2,974407 x 1012

* e TouKa NepeTMHY MK PO3PaxyHKOBAMM NiHISMK Ha pyucyrky E.1 Ta BENMHUHOW pop NPY BignosigHiii temnepa-
Typi. AnA poapaxyHky [ BUKOpUCToBYIOTE KoedilicHT C C; Ca Ta Ca.

* This is the intercept point between the calculated lines in Figure E.1 and the pep value at the corresponding
temperature. Use the coefficients C, C; C; and C, to caiculate t:

- Cs G .
Iogf-{logpx(c+ - H+c1+ 2; (E.6)

f=10{logpx(03+—criﬂ+C1+ET2—‘ ((E.7)

Ta6auus E.2 - Pezynbratu npukiany po3paxyHky (tadmuus E.1)

Table E.2 - Results of example calculation (Table E.1)
TYD = X(a/t) T« =100/TYD ty
%/To] I"ox / hours pokiB / years
2,004937 x 10-* 498768,79 56,94

E.3.3 Result of calculation
For a service life of 56 years, this mul-
tilayer pipe may have a design pressure pp

E.3.3 Pe3ynvmamu po3paxyHkie

3a MPOTrHO30BAHOTO CTPOKY EKCILTya-
Tarii 56 pokiB, 11 TpyOa 3 GaraTonapoBoio
CTIHKOIO MOKe MaTh pobounii Trck pp = 10 = 10 bar in order to conform to the re-
Oap s Toro, moO BigmoBigatu Bumoram quirements of class 2 as defined in ISO

710 KJIacy 3acToCyBaHHA 2, sk 3a3HavyeHo y  10508.
ISO 10508.
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JTOJATOK HA
(TOB1IKOBHUIA )

MEPEJIK YAHHUX HOPMATUBHUX JOKYMEHTIB YKPAIHH, 11O
BIAITOBIJAIOTH MIZDKHAPO/THUM CTAHIAPTAM, HA AKI € IOCUJIAHHSA
B IbOMY CTAHIAPTI

[To3naueHHs Ta Ha3Ba MI>XKHAPOTHOTO
CTaHJAPTy

Hamionansauii ctanaapt Ykpainu, o Bimo-
BiJJa€ MIDKHAPOJHOMY CTaHJIAPTY

ISO 161-1 Thermoplastics pipes for the
conveyance of fluids - Nominal outside
diameters and nominal pressures - Part 1:
Metric series

JNCTY I'OCT HUCO 161-1:2005 TpyOu 13 Tep-
MO-TIJIACTIB JIJIS1 TPAHCIIOPTYBAHHS PiIKUX Ta
ra3onoioHux cepeaoBuill. HominanbHi 30BHI-

IITH1 JlaMEeTpU Ta HOMiHaJIbH1 TUCKU. MeTpuy-
Ha cepist ('OCT MCO 161-1-2004, IDT)

ISO 15874-2 Plastics piping systems for
hot and cold water installations - Poly-
propylene (PP) -Part 2: Pipes

JNCTY b B.2.7-144:2007 byxiBenbHi Matepia-
mu. TpyOu 17st Mepesx X0JIOHOTO Ta rapsiyoro

BOJONIOCTAaYaHH 13 modinponuieny. TexHIuH1
ymoBHu (EN 1SO 15874-2:2003, MOD)

ISO 15875-2 Plastics piping systems for
hot and cold water installations - Cros-
slinked polyethylene (PE-X) - Part 2:
Pipes

JNCTY b B.2.7-143:2007 byaisenbHi Matepia-
mu. TpyOu 31 CTpyKTypOBaHOTO MOJIETUICHY
JJ11 MEPEK XO0JI0JHOTO, TapSYOro BOAOINOCTA-

yaHHs Ta onajieHHs. Texuiuni ymosu (EN 1SO
15875-2:2003, MOD)

ISO/DIS 15877-2:2006 Plastics piping
systems for hot and cold water installa-
tions - Chlorinated poly(vinyl chloride)
(PVC-C) - Part 2: Pipes

JCTY b B.2.7-142:2007 (ISO/DIS
15877:2006, EN 1SO 1452:1999, MOD) byni-
BeJIbHI MaTepianu. TpyOu 3 XJI0pOBaHOTO TOJTI-
Binutxmopuay (PVC-C) Ta ¢aconHi BUpoOH J10
HUX JJI51 MEPEX XOJIOAHOTO, rapsiaoro BOAOIO-
CTa4yaHHs Ta onajeHHs. TexHIuYHl yMOBHU
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Kuarwo4oBi cioBa: BHYTpIIIHI 1H)KEHEPHI MEPEXi, OMaJeHHsS, XOJIOJHE BOJOMOCTAaYaHHS,
rapsiue BOJOIOCTavYaHHsI, KJIac 3aCTOCYBaHHsI, TPYOH HaITipHI, TIaJKi Tpyou, 6araTomapo-
Bl TpyOH, CTpyKTypo-BaHuil nomieruneH, PVC-C, noxinponinen, PE-RT, nepBunHmii ma-
Tepiall, HEIEpPBUHHUI MaTepiaj, MaTepiajl MOBTOPHOI 0OPOOKHU, METO ] BUIIPOOYBaHb.
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