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Distribution of natural gas to householders is increasingly be-
ing simplified by switching to plastic pipes known for their 
low mass, flexibility, and corrosion resistance. There have 

been particular ad-vantages in the use of plastics in gas pipeline sys-
tems, both in terms of ease of installation and because of their long-
term performance. However, problems can arise when connecting 
plastic and steel parts, like between plastic pipes and steel, which 
means testing the joints is necessary to make sure they are strong, 
sealed properly, and can handle changes in pressure and temperature. 
Considering the high safety and efficiency standards required in gas 
networks, the selection of pipe materials should take the following 
points into account: crack resistance, ability to resist external loads, 
and temperature changes. As pointed out in the book [1], the adop-
tion of modern materials, such as PE 100-RC, which is crack resis-
tant to slow crack growth (SCG), was a major step in the technologi-
cal advancement in gas-related installations, significantly improving 
the safety and service life of such systems.

1. Introduction

 The poly-ethylene (PE) pipes have become increasingly popular 
in gas networks because of their flexibility, ease of installation, and 
long-term corrosion resistance. However, these pipes are not immune 
to fail-ures, and that will require a full understanding of the damage 
mechanisms and the design of accurate inspection and repair tech-
niques. Authors in [2] provide an extensive summary of failure models 
and predictive models for PE pipes, including SCG, chemical aging, 
and principles of fracture mechanics. Welding and joint defects are also 
discussed as important issues for performance and safety estimation 
of gas networks by using PE pipes. In [3] is further stated that gas 
systems are subject to the imposi-tion of high regulatory requirements 
in order to ensure system safety, e.g., material selection and quali-ty 
of joints. The plastic pipes, such as PE 100 and PE 100-RC, serving 
long periods of time in gas grids have  excellent crack resistance and 
slow crack growth characteristics [2,4]. Implementation of new ma-
terials in gas installations, i.e., copper and multilayer PEX-AL-PEX 
pipes in place of tradi-tional materials, was studied in [5]. Their work 
focuses on combined testing and development of nov-el methods for 
the evaluation of strength and sealing effectiveness, which, with the ap-
plication of press-fit joining technology, will aid in faster installations 
and off-site sustainability while lowering the risk of injury and dam-
age from open-flame working and corrosion. These were the technical 
innova-tions that could potentially enhance gas networks in terms of 
safety and performance. In the inspection of the steel-to-plastic welds 
[6], the authors state that one of the problems in the field request is 
that test protocols must be efficient at high pressures and for medi-

um temperature variability. Reliably seal-ing and maintaining perma-
nent resistance to mechanical stress is problematic due to the different 
me-chanical properties of plastic and steel. Their study, following the 
DVGW VP 600 guideline, found that few steel-plastic joints leaked, 
although when tested, 70% of the samples exhibited evidence of vis-
ible cracking. Such results indicate that the material TIPELIN 1108J 
can not be used in steel-plastic joints in gas networks; instead, using 
the PE 100-RC granulate is recommended, as it has a better Ges-Lcr 
value and a longer lifeline. All these results highlight the necessity to 
use high-performance mate-rials such as PE 100-RC to improve the 
safety and reliability of gas systems. Knowledge about joint technolo-
gy is essential to reduce gas leak risks and to optimize the installation. 
With the development of technologies and materials for gas-handling 
systems, the demand for reliability and safety has driv-en a consid-
erable amount of work in the performance of different materials and 
joining methods. Oth-erwise, some interesting studies on the same 
branch have been developed with regard to the durability of some poly-
mer materials for the gas distribution networks and their resistance to 
mechanical damage and cracking around them. Authors in their study 
[7] performed an in-depth analysis of the slow crack growth (SCG) 
resistance of modern polyethylene materials, particularly PE100 and 
PE100-RC pipe grades. Their study demonstrated that PE100-RC 
exhibits significantly higher resistance to crack initi-ation and propa-
gation under long-term loading conditions. Using fracture mechanics 
and the Cyclic Cracked Round Bar (CRB) method, the authors could 
predict the service life of pressure pipes and confirm the superiority 
of PE100-RC in demanding applications such as gas distribution net-
works. From these studies, it is apparent that PE 100-RC is a key ma-
terial for the safety and performance of gas networks, especially in the 
steel-to-plastic interface. Even with commonly used PE pipes, caution 
should be exercised, even with higher-grade ones like PE 100-RC. Two 
main testing techniques for PE 100-RC: the strain hardening test and 
the point load test, strengthening the assessment of re-sistance to ex-
ternal stress, were investigated and presented in [8]. They highlight 
the fact that such methods could be further developed in the interest of 
both predictability and the safety of gas infra-structure. Flexible plastic 
pipe alternatives, including PEX-AL-PEX and PEX pipe with EVOH 
lay-ers, also offer affordable approaches for applications that take place 
indoors [9]. Authors have exam-ined the capability of these materials 
and indicate advantages in terms of speed of assembly, reduced number 
of articulations, and safety through the use of protection sheaths and 
cut-off taps. In conclu-sion, gas installations represent an important 
infrastructure system within which the choice of pipe material (in ad-
dition to steel, materials such as PE, PP, and flexible plastics) results 
as a fundamental determinant to ensure the safety and durability of the 
system and to be in compliance with standards and regulations.

Testing of steel-plastic joints for natural gas
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The aim of this study is to evaluate the performance and sealing 
reliability of newly designed steel-plastic transition fittings, with a 
focus on identifying suitable polyethylene materials that ensure long-
term durability and safety in natural gas installations. 

Through experimental testing and comparison of different mate-
rial combinations, an optimal solution will be found to improve the 
quality and reliability of these critical components. This contributes 
to the development of safer and more durable natural gas distribution 
networks.

2. Material and Method

The integrity and reliability of gas distribution systems are criti-
cally dependent on the materials’ quali-ty, especially in components 

such as transition fittings that connect polyethylene (PE) pipes to 
metal pipelines. Ensuring leak-tightness and mechanical robustness 
in these joints is essential for maintain-ing system safety and per-
formance. In a series of tests conducted, a total of 45 PE25/DN20, 
PN 10 bar transition fittings were produced using TIPELIN 1108J, 
a UV-stabilized high-density polyeth-ylene (HDPE) copolymer de-
signed for general-purpose injection molding applications. 43 fittings 
were subjected to tensile, bending, and leak-tightness tests. While 
tensile and bending tests showed no visible deformations or fractures, 
leak-tightness tests revealed failures in several samples at pressures 
as low as 6 bar, particularly at the interface between the metal and 
plastic components. Furthermore, a visual inspection indicated that 
over 70% of the tested fittings exhibited cracks in the PE sections.

When testing for strength with water at 15 bar, the following was 
observed:

- at a water pressure of 15 bar, leaks occurred on sample no. 18/1, 
in the part between the metal pipe and the plastic, on sample no. 26/1, 
the same as on sample 18/1, on sample 32/1 on PE thickening, on PK 
and on sample 42/1 the same as on samples 18/1 and 26/1.

In addition to the internal test protocol, testing of the transition 
pieces was also carried out in accord-ance with international and na-
tional standards, including:

- SRPS EN 12279:2008/A1:2008, 
- SRPS EN 12186:2015, and
- SRPS EN 12327:2013.

Water and nitrogen were used as test media, with pressure lev-
els reaching up to 15 bar. The fittings were evaluated for housing 
strength, tightness, and seat sealing characteristics. All results met 
the re-quired acceptance criteria under the defined testing conditions.

3. Results and Discussion

When testing for tightness, with nitrogen at 15 bar, the following 
was observed:

- on sample 18/1, leaks were found at 6, 10 and 15 bar
- on sample 26/1, leaks were found at 6, 10 and 15 bar
- on sample 32/1, leakage was noted only at 15 bar, while no 

leakage was observed at 6 and 10 bar (sample with leakage on the 
thickened part of the transition piece, on PE)

- on sample 42/1, leaks were found at 6, 10 and 15 bar. 

By visual inspection of the tested samples, it was found that over 
70% of them had cracks, as can be seen in Fig.2. The conclusion is 
that TIPELIN 1108J granulate, which was used for injection molding 
of these transition pieces, did not prove to be adequate.

Based on the previously identified deficiencies and the recurring 
issues with crack formation in the polyethylene section of transition 
fittings, as well as problems related to leakage at the inter-face be-
tween the polyethylene and the steel pipe, and taking into account 
empirical data provided by manu-facturers of polyethylene pipes and 
fittings for natural gas, it has been concluded that the most suitable 
material for the polyethylene component of the transition fitting is 
PE-100 RC (resistant to crack).
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Figure 1: Samples with identified deficiencies

Sample 18/1

Sample 26/1

Sample 32/1

Sample 42/1



PE-100 RC has been developed to offer resistance to slow crack 
growth (SCG) and point loading, which are the primary failure 
mechanisms in buried and pressurized gas pipeline systems. Unlike 
con-ventional PE-100, PE-100 RC eliminates the need for sand em-
bedment during installation, as it can withstand higher stress concen-
trations caused by external mechanical shocks or uneven installation. 
Using PE-100 RC in the polyethylene part of the transition fitting 
significantly reduces the risk of structural degradation and gas leak-
age, resulting in improved system reliability and lower maintenance 
requirements throughout the pipeline’s life cycle.

Further evaluation of newly produced fittings using PE100-RC 
granulate was performed, following the same testing procedures. All 
samples passed hydraulic and pneumatic leak-tightness tests up to 
15 bar without any signs of leakage or cracking. Pressure was stable 
during the entire testing cycle. The compliance with standards (SRPS 
EN 12279, 12186, 12266) further verified the suitability of PE100-
RC material for use in steel-to-polyethylene transition joints in gas 
infrastructure.

3.1. Testing of PE25/DN20 Transitional Pieces – Leak-
Tightness Evaluation

A new series of expanded steel pipes intended for transition fit-
tings (PE25/DN20) was fabricated with machined recesses using 
CNC technology, ensuring consistent profiles and improved sur-
face quality (Figure 3). These inserts were directly overmolded with 
PE100-RC granulate, without the use of pri-mer coating, in order to 
evaluate bonding performance under simplified manufacturing con-
ditions.

     
Transition pieces were assembled using D25 electrofusion cou-

plings (by welding the couplings on the polyethylene parts), in order 

to determine the behavior and bonding of the polyethylene parts with 
the couplings (Figure 4).
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Figure 2: Some samples tested by visual inspection

Figure 3: New expanded metal tubes for transition pieces

Figure 4: Samples connected using couplings

Figure 5: The samples during the testing under sustained internal 
pressure for 1,000 hours



All assembled samples were subjected to leak-tightness testing 
with nitrogen at 15 bar. No visible cracks or signs of leakage were de-
tected in any of the tested fittings, indicating that the new design and 
material combination ensured sufficient sealing performance.

Additionally, 20 transition fittings (10 pairs: 8 mechanically con-
nected and 2 electrofusion-coupled) were mounted onto a custom 
test manifold and pressurized to 6 bar. The samples remained under 
sus-tained internal pressure for 1,000 hours, in accordance with the 
long-term pressure test specified by DVGW VP 600 (Figure 5). No 
leakage or material degradation was recorded during or after the test, 
confirming the structural reliability of the new fittings.

  4. Conclusion

Ensuring the safety and reliability of natural gas installations is 
of critical importance, especially in household networks where the 
potential consequences of gas leaks can be serious. One of the key 
challenges in modern gas infrastructure is the integration of different 
materials, specifically steel and plastic, which exhibit significantly 
different mechanical and physical properties. The use of steel-to-plas-
tic transition fittings is essential for achieving practical and durable 
connections in such systems.

This study has demonstrated that not all materials are equally suit-
able for the production of these joints. The initially used polyethylene 
material, TIPELIN 1108J, failed to meet the stringent leak-tightness 
and mechanical resistance requirements, showing a high rate of 
cracking and leakage under testing conditions. The use of PE-100 
RC has proven to be more reliable because its enhanced re-sistance 
to slow crack growth and external mechanical loads significantly im-
proves the overall integri-ty of transition joints.

By adopting PE-100 RC and carefully optimizing the design of 
transition pieces, it is possible to achieve fittings that meet all safety 
standards, even under prolonged pressure testing, especially ac-cord-
ing to the DVGW VP 600 standard. The development and testing of 
these transition fittings con-tribute to safer and more durable natural 
gas distribution networks and support the continued innova-tion in 
component design and materials engineering as key factors in en-
hancing the safety and per-formance of gas pipeline systems.

References
[1] Bogner, M., D. Isailović, Novi propisi za prirodni gas, ETA, Bel-
grade, Serbia, 2014.
[2] Wang, Y., Z. Li, H. Chen, Failure Mechanisms and Predictive 
Models for PE Gas Pipes, Jour-nal of Polymer Engineering, 42(2024), 
2, pp. 101–115.
[3] Bogner, M., M. Isailović, Propisi za instalacije prirodnog gasa, 
ETA, Beograd, Serbia, 2021.
[4] TEPPFA, Material Performance Reports for Gas Piping, TEPPFA, 
Brussels, Belgium, 2024.
[5] Zisopol, D., Petrescu, A., Enache, M, New Approaches in Testing 
Copper and PEX-AL-PEX Pipes, International Journal of Gas Tech-
nology, 15(2022), 3, pp. 89–96.
[6] Sadžaković, M., Bogner, M, Priručnik za gasnu tehniku, ETA, 
Belgrade, Serbia, 2020.
[7] Frank, A., Berger, I. J., Arbeiter, F., Hutař, P., Pinter, G., Life-

time Prediction of PE100 and PE100-RC Pipes Based on Slow Crack 
Growth Resistance, Proceedings of the 18th Plastic Pipes Conference 
(PPXVIII), Berlin, Germany, 2016.
[8] Ernst van der Stok, Scholten, F, Two Complementary Tests to 
determine the quality of the PE 100-RC,  Proceedings of the 17th 
Plastics Pipes Conference PPXVII, September 22-24, 2014, Chicago, 
USA.
[9] Oesterholt, D, Scholten, F, Roebers, H, Opportunities for Plastics 
in Flexible Indoor Gas Pipe System, Proceedings of Plastics Pipes XI, 
Munich, Germany, 2001.
*** SRPS EN 12279:2008/A1:2008, Plastični cevovodni sistemi za 
snabdevanje gasom – Fitinzi, Institut za standardizaciju Srbije (ISS), 
Beograd, 2008.
*** SRPS EN 12186:2015, Sistemi za snabdevanje gasom – Reg-
ulacija pritiska, Institut za standard-izaciju Srbije (ISS), Beograd, 
2015.
*** SRPS EN 12327:2013, Gasna infrastruktura – Ispitivanje nepro-
pusnosti, Institut za standard-izaciju Srbije (ISS), Beograd, 2013*** 
DVGW VP 600, Requirements for Transition Fittings be-tween Metal 
and Plastic Pipes, DVGW, Bonn, Germany, 2017.
*** DVGW VP 600, Zahtevi za prelazne fitinge između metalnih i 
plastičnih cevi, DVGW, Bonn, Nemačka, 2017.

PROCESNA TEHNIKA 33

Authors

Martina BALAĆ
University of Belgrade Faculty of Mechanical Engineering
Kraljice Marije 16, Belgrade, Serbia
ORCID 0000-0002-2135-0179

Milan TRAVICA, 
University of Belgrade Faculty of Mechanical Engineering
Kraljice Marije 16, Belgrade, Serbia
ORCID 0000-0003-1156-6563

Martin BOGNER, 
University of Belgrade Faculty of Mechanical Engineering
Kraljice Marije 16, Belgrade, Serbia

Adam LONCAREVIC
OD – JU doo
Irig, Serbia

Branko ANDAN
OD – JU doo
Irig, Serbia

PTProcesna postrojenja


