EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Can physical ageing cause embrittlement of our gas
distribution network?

Citation for published version (APA):

Visser, H. A., Warnet, L. L., Wolters, M., & Govaert, L. E. (2008). Can physical ageing cause embrittlement of
our gas distribution network?. Poster session presented at Mate Poster Award 2008 : 13th Annual Poster
Contest.

Document status and date:
Published: 01/01/2008

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024


https://research.tue.nl/en/publications/eccbdf07-4baf-4774-a9f8-35017c0da9be

Technische Universiteit

Polymer Technology I U e Eindhoven
University of Technology
I mpactm I [
Institute of Mechanics, Processes and Control - Twente

I ntro d u Cti 0 n 100 Predominantly ductile 10 Predominantly ductile z

About 22,500 km of unplasticised poly(vinyl chloride) (UPVC) pipe is £ * L0 g Vs

in use in the Dutch gas distribution network. These pipes will reach 5 « ¢ £ w0

their initially estimated service life in the near future. Nevertheless, & w0 k- 0 d °

leak survey data reveals no decrease in the integrity of this part of the % o %

network[1]. Therefore, the question arises if (and how long) the pipes © e

can remain in the ground without concessions to safety. o Rteclominanybritie Riedominanty bt

Most leaks occur due to incidents during excavation activities (third
party damage). The lifetime of a uPVC pipe is therefore limited by its
impact behaviour: brittle behaviour upon impact will impose a signif-
icantly higher risk than ductile behaviour. The goal of this study is to
determine the influence of physical ageing on the impact behaviour of
uPVC pipes.

Impact behaviour

The impact behaviour of uPVC pipe specimen is studied using instru-
mented falling weight tests at a range of temperatures. Three types of
failures are observed: ductile (Fig. 1), semi-ductile (Fig. 2) and brittle
failure (Fig. 3). A histogram f the absorbed energy up to the maximum
force is shown in Fig. 4. The ductile failure mode resists significantly
more impact energy than the brittle failure mode.

2
2

IS
IS

Force [kN]

Now

Force [kN]
w

-

N\

15 20 0

5 10 5 10 1!
Displacement [mm] Displacement [mm]

Fig. 1 Ductile failure Fig. 2 Semi-ductile failure
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Fig. 3 Brittle fracture Fig. 4 Histogram absorbed energy

Ductile-to-brittle transition

With decreasing temperature the failure behaviour shifts from ductile
towards brittle fracture (Fig. 5). These measurements are conducted
for samples that received different ageing treatments. A stepfunction
(inverse of tangent) is fitted through the data points to determine the
transition temperature range, which is indicated in orange. After age-
ing the transition range shifts towards higher temperatures (difference
between Fig. 5a and 5b).

/department of mechanical engineering

10 -5 10

0 5 0 5
Temperature PC] Temperature [C]

(@) As received specimen (b) Aged specimen
Fig. 5 Ductile-to-brittle transition for as received specimen (a) and aged
(~120 years at 10°C) specimen (b)

Modeling the influence of ageing

The transition temperature range is plotted versus the ageing time of
the samples (translated towards the average ground temperature of
10°Q) in Fig. 6. The blue rectangle gives the temperature transition
range for the sample which did not receive a heat treatment (as re-
ceived)

The ductile-to-brittle transition of glassy polymers can be predicted by
assuming ayield stress threshold above which the polymer behaves in
a brittle way [2]. The predicted kinetics of the transition temperature
change as a function of ageing is shown with a solid line in Fig. 6. For
the predictions an initial age of 20 years at 10°C was assumed. The
model describes the kinetics found with the measurements correctly.
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Fig. 6 Transition temperature range versus the ageing time at 10°C
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Conclusions

The answer to the question in the title is yes and is supported with
experimental data and model predictions. Physical ageing causes the
ductile-to-brittle transition temperature to shift towards higher tem-
peratures. In future work rejuvenated samples will be tested to deter-
mine wether the predicted shift in transition temperature still holds for
“younger” samples.
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