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Nové zkousky potrubnich systému z PE

na odolnost pomalému sSireni trhliny
(SCZL 2017)
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AGENDA ITC

* materialy PE pro potrubni systémy

e pomalé sireni trhliny

* zkousky podle aktualnich EN a ISO norem
* PAS 1075

* FNCT zkousSka —1SO 16770

» zkougka stanoveni ,Strain hardening modulus” podle CSN
1ISO 18488

e zkouska ,Cracked Round Bar“ (CRB test) podle
CSN 1SO 18489

* kruhové testy poradané v ITC
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PROC POLYETHYLEN? ITC

e dominantni v oblastech tlakovych rozvodu plynu a vody, nékteré
prumyslové aplikace jiz ~ 50 let

* rfada EN a ISO norem (EN 1555, I1SO 4437, EN 15014, EN 11299, ...)

* klasické vykopové technologie pokladky, ale také tzv. relining,
bezvykopové metody pokladky (prutlak) apod.

e spojovani svarovanim (elektrospojky, na tupo, u malych DN
rovnéz mechanické spojky)

e odolnost korozi, elektrokorozi (mésta s tramvajovou dopravou,
instalace v blizkosti Zelezni¢nich trati)

* vyborna chemicka odolnost, vhodnost pro pitnou vodu
e uvadéna spotreba 24,4 mil tun/rok (2011)
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HDPE: Global Demand

2011, by region (total: 24.4m t/y)

Middle East/Africa 3%

Latin/Central America 7%

China 27 %

Europe 20%

North America

Asia-Pacific
(excl. China) 21% 22%
© 2012 Plastics Information Europe Source: GlobalData
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VYVOJ MATERIALU

Development of PE-HD as a
Material for Pipes
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PE100 bimodalni rozlozeni ITC

DMWD

HMW PE with shot chain FIG. 1
branching
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Co je pomalé Sifeni trhliny? ITC

@ SCG - Slow Crack Growth

e projev lokalniho zatizeni v kombinaci s vnitrnim pretlakem
° Vrypy, svary

e vznik trhlin - poruseni, které muaze vést k defektu trubky

e zakladni testy pro posouzeni — dlouhodobé
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POROVNANI PE100 A PE100-RC ITC

Properties of "PE100-RC" materials in comparison with standard PE100

SCG

"PE100-RC"
B PE100 standard

RCP MRS
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OVLIVNENI SCG

molekulova struktura
distribuce molekulové hmotnosti

TG

typ a mnozstvi kratkych (bocnich) retézcu

distribuce kratkych retézcu (umisténi do

oblasti dlouhych retézct CH2-CH2)

WWW.ITCZLIN.CZ




ZAKLADNI POSOUZENI - FNCT TEST ITG

| B
| e zkuSebni teplota 80°C

Detergent Teplota zatizenivtahu ° 2Ustava rozhodujicim test pri
5 K posuzovani odolnosti SCG

i. -
* pro moderni materialy doby poruseni
Casto > 8760 h (1 rok)

Krehky lom
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PAS 1075 ITC

e vznik v Néemecku

e prvni pevné stanoveni zkousek

e neodstranuje problém dlouhych ¢asu
e problematicka opakovatelnost

e nemoznost zkouseni jednotlivych sarzi
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Zkousky materialu — schvalovaci zkousky &

Table 1a - Special 'additive’ approval tests on material PE-100-RC to evidence the stress cracking
resistance and the resistance to thermal aging

No. Test Requirements Comments
1 Stress cracking test > 8,760 hours at 80°C, FNCT test on 6 separate specimens
of the raw material*) 4 N/mm’, 2 % Arkopal N- 100 | (orientation-free processing procedure)
" 3 separate specimens e.g. at 80 °C
, | Pointloading test on full 8,760 hours at 80°C, and/or separate specimens appor-
walled piping 4 N/mm’, 2 % Arkopal N- 100 | tioned according tq a mathematical
model (e.g. Arrhenius)
3 | Thermal ageing test > 100 years at 20°C Testing at e!.e\'fated tem‘per‘atures ang
proof of a minimum activation energy

Notch Test on full walled
4 | piping > 8,760 hours
(DIN EN ISO 13479)

¥) The results of the point loading tests are decisive if contrary results in the FNCT and the point loading tests are obtained.

Selection possible of defined piping
constructions
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Zkousky materialu — kontrola kvality TG

Table 2 — Special additional tests for the quality control of PE-100-RC materials to verify the stress
cracking resistance

Frequency
No.: Test Requirements Internal quality | External quality
control control
> 8,760 hours at 80°C,
2 o & . .
’ ENCT Test 4 N/mm, 2 /o. Arkopal N-100 (razw material) or in Eath bateli :
a corresponding test procedure®, e.q. 320 hours
under ACT procedures (raw materials)
2 Paint loading test SRt huatBh =G, :c:’?rlsusl{::trs iz
g 4 N/mm2, 2 % Arkopal N-100 guartty
observed
Staggered
Notch Test 1...3 years, ifno
2 (DIN EN ISO 13479) L irregularity is
observed
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* Iniciace defektu
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POINT LOADING TEST ITC.

Parametry: 8760 h, Arkopal N-100, 2% roztok, stress 4,0 N/mm?, zkuSebni roztok vné i
uvnitf vzorku, vne i uvnitf zajiSténa cirkulace




PENETRATION TEST

pouze na trubkadch DN 110/SDR 11, delka testu 9000 hodin




PENETRATION TEST TG

pouze na trubkach DN 110/SDR 11, délka testu 9000 hodin




Strain hardening test ITC

@CSN ISO 18488

e stanoveni modulu deformacniho zpevnéni — mira
odolnosti PE proti pomalému rastu trhliny

* metoda vhodna pro vsechny typy PE

e zkusebni téleso — lopatka — lisovani z granulatu
e zkouska tahem pri 80°C

e Neo-Hookovsky konstitutivni model

WWW.ITCZLIN.CZ




Strain hardening test ITC

Pl AL ]\
L -

Obrazek 1 - Zkusebni téleso

Stress
Strain hardening -

Yield

o [MPa]
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CRB test (Cracked Round Bar) 49¢

@ CSN ISO 18489

e stanoveni odolnosti proti pomalému rastu trhliny pfi cyklickém zatézovani

e metoda uréena pro rlizné typy PE, predevsim ale pro PES80 a PE100 pro
trubkové aplikace

e zkusSebni téleso — valec s vrubem — obrabéni nebo lisovani

e priprava z trubky nebo granulatu

e cyklickad tahova zkouska, pocitani cykll do poruseni vzorku pfi teploté (23+2°C)
e dynamicka zatéz o frekvenci 1 — 10 Hz

e napeétivrozmezi 10,5- 13,5 MPa
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CRB test (Cracked Round Bar)

| Lown
e

delka zkusebniho télesa

minimalni vzdalenost mezi vrubem a upinacim systémem
pozadovana pocatecni delka trhlin

pozadovany poéatecni prumer ligamentu

prumér zkuSebniho télesa

ostry Ziletkovy vrub

TG




ZKUSEBNI ZARIZENI ITC

e dynamicky tahovy stroj Instron 1253

* napojeni na centralni chlazeni

* napojeni na centralni rozvod hydrauliky
e klimatizovana laborator

e dalsi tahové stroje Instron
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Soucasna situace ITC

e Od dubna 2017 v ITC akreditovana zkouska
e [SO a CEN se snazi najit limity

* Dosud neni v predmétové normé urcen

* Byl proveden CRB kruhovy test v ramci ISO — 8 laboratori, 5
materiall

* Vyhodnocovani na hladiné napéti 12,5 MPa

 Kruhovy test ITC — spolecné vyhodnoceni

 Snaha navrhnout limity pro CR — do¢asné
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Vysledky ISO — kruhovy test CRB 4T

Cyclic Cracked Round Bar Test: Final Results of International Round Robin Test

50
A: PE100 B: PE100 RC C: PE100 E: PE-HD
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Fig. 9: Results of the International RR: Single point values at Aop=12.5 MPa for each

laboratory.

FRANK, Andreas a PINTER Gerald, 2014
Cyclic Cracked Round Bar Test: Final Results of International Round Robin Test
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Vysledky KIWA — Kruhovy test SH 4T

100

N1
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Figure 8. Results of the Round Robin test performed by eight laboratories on three PE
materials.

Ernst VAN DER STOK and Frans SCHOLTEN
STRAIN HARDENING TESTS ON PE PIPE MATERIALS
Plastic Pipes XVI Conference — Barcelona, Spain, September 24-26, 2012




CRB kruhovy test ITC - ucastnici 4T¢e

e Schuzka 1.12. 2016 — projednani problematiky obou testu

e Ucastnici kruhového testu

ITC

IPM (Ustavu fyziky materialt Akademie véd Ceské republiky)
University of Leoben / Polymer Competence Center Leoben *
Pipelife

PIB (Unipetrol RPA, s.r.o0. - Polymer Institute Brno)

* Nezucastnili se predbézné schlizky
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Zkusebni télesa CRB kruhovy test 4Te

e dodani vzorku — Pipelife

e priprava vzorku na vyrobu — ITC

e vylisovani a vyfrézovani vzorku — PIB
e zkouseniv ITC, IPM a UL
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Seznam vzorku CRB ITC

e PE 100 RC—Eltex TUB 121 N6000O
e PE 100 RC — Borsafe HE 3490

e PE 100 — Sabic Vestolen A

e PE 100 - Eltex TUB 121 N3000

e PESO- LitenVL 10
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Kruhovy test CRB

TG

kazda laborator ma k dispozici 10 ks zk. téles

frekvence 10 Hz

2 vzorky pro kazdou hladinu napéti (2 navic)

* 12,0 MPa
* 12,5 Mpa
* 13,0 MPa
* 13,5 MPa

zacCatek testu CRB—24. 3. 2017
konec testu CRB — Cerven 2017
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Predbeéezné vysledky CRB

Sample
No.

D (1)

[mm]
14.10
13.99
14.02
13.99
14.01
13.99
13.98

13.98

D (2)

[mm]
14.00
14.01
14.02
14.01
14.03
14.02
13.97

13.99

oD

[mm]
14.05
14.00
14.02
14.00
14.02
14.01
13.98

13.99

AO'()

[Mpa]
13.5
13.5
13.0
13.0
12.5
12.5
12.0

12.0

Fmax

[N]
1438
1425
1378
1373
1325
1321
1261

1264

Fmin

(N]
144
143
138
137
132
132
126

126

AF

[N]
1295
1283
1240
1235
1192
1189
1135

1137

aini (1)

[mm]
1.54
1.49
1.54
1.53
1.51
1.47
1.50

1.56

aini (2)

[mm]
1.47
1.49
1.49
1.56
1.47
1.53
1.41

1.45

@QAini

[mm]
1.51
1.49
1.52
1.55
1.49
1.50
1.45

1.51

Dini’

[mm]
11.04
11.02
10.99
10.91
11.05
11.00
11.07

10.97

*
AO’O

[Mpa]
13.5
13.4
13.1
13.2
12.4
12.5
11.8

12.0

TG

Nt

188 044
145 237
253 591
238 740
286 579
285 380
356 900

322 941
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Predbézné vysledky CRB ITGE
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Souhrn ITC

@ PE —vysoce uzivany material

@ problematika posouzeni odolnosti SCG
@ snaha o nahradu dlouhodobych test
@ CRB a Strain hardening test

@ kruhové testy

@ stanoveni limitU pro rozliSeni materialu

@ implementace do zku$ebnictvi v CR
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Dékuji za pozornost
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