User Project Snap Panzar™ cable protection

Project Acronym SPCP

Project Reference Number f9d7b3c2-42c8-42ec-9872-fbdd7bf6c21a

Infrastructure Accessed Uni of Exeter - DMaC

Page 1 of 20

ABOUT MARINET
The MaRINET2 project is the second iteration of the successful EU funded MaRINET Infrastructures
Network, both of which are coordinated and managed by Irish research centre MaREI in University
College Cork and avail of the Lir National Ocean Test Facilities.
MaRINET2 is a €10.5 million project which includes 39 organisations representing some of the top
offshore renewable energy testing facilities in Europe and globally. The project depends on strong
international ties across Europe and draws on the expertise and participation of 13 countries. Over
80 experts from these distinguished centres across Europe will be descending on Dublin for the
launch and kick-off meeting on the 2nd of February.
The original MaRINET project has been described as a “model of success that demonstrates what the EU
can achieve in terms of collaboration and sharing knowledge transnationally”. Máire Geoghegan-Quinn,
European Commissioner for Research, Innovation and Science, November 2013
MARINET2 expands on the success of its predecessor with an even greater number and variety of
testing facilities across offshore wind, wave, tidal current, electrical and environmental/cross-cutting
sectors. The project not only aims to provide greater access to testing infrastructures across Europe,
but also is driven to improve the quality of testing internationally through standardisation of testing
and staff exchange programmes.
The MaRINET2 project will run in parallel to the MaREI, UCC coordinated EU marinerg-i project which
aims to develop a business plan to put this international network of infrastructures on the European
Strategy Forum for Research Infrastructures (ESFRI) roadmap.
The project will include at least 5 trans-national access calls where applicants can submit proposals
for testing in the online portal. Details of and links to the call submission system are available on the
project website www.marinet2.eu
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1 Introduction & Background
1.1 Introduction
Greenpipe Group AB (Greenpipe) is the Swedish manufacturer of divisible cable protection pipes
produced out of recycled plastic, contributing to a more sustainable construction of infrastructure.
Snap Panzar™ is a subsea cable protection pipe used for electrical distribution and fibre optics in
the Nordic countries since 2014, primarily in lakes and sheltered waters. The product is
manufactured from recycled plastic (PP-EPDM). The aim of these tests is to establish and quantify
product performance for offshore and renewable energy applications. This requires physical testing
and evaluation beyond what is currently available to Greenpipe, in order to identify applicability
and to provide proof of suitability.
The Snap Panzar Cable Protection (SPCP) project is a Greenpipe research project funded by
MaRINET2 (Grant Number - 5052). SPCP project was awarded 15 days access to the Dynamic Marine
Component (DMaC) test facility during Call 5 of MaRINET2.

1.2 Executive Summary
The cable protectors were tested in tension and in bending. The diameter (70 mm, 110 mm and 160
mm), age, bolting and rotation angle were varied to study the effect of these parameters on the
strength of the cable protector. The cable protectors were connected to the DMaC test rig using
termination designed to replicate the flange and collar interface on the cable protectors. The
tension tests showed a clear increase in tensile load when increasing the Snap Panzar diameter;
70mm diameter = UTS 5.7 kN, 110 mm = UTS 16.3 kN, 160 mm = UTS 21.2 kN (new and unbolted).
Bolting the cable protectors was not shown to affect the maximum load during the tension test. The
aged cable protectors did have a significantly lower tensile strength; however, it cannot be
confirmed whether this was the age of the sample or the manufacturing batch. The bending tests
did show that larger diameter Snap Panzar can support higher maximum loads; 70mm diameter =
UTS-7° 5.1 kN, 110 mm = UTS-7° 7.8 kN, 160 mm = UTS-7° 9.1 kN (new and unbolted). The rotation
angle was not shown to significantly affect the maximum load, despite the different load versus
elongation relationships.
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1.3 Development So Far
The Snap Panzar cable protector has been available to the Nordic market since 2014 after being
developed to be used at an offshore wind farm in the Baltic Sea. Furthermore, withstanding the
requirements set by Swedenergy (EBR, the Swedish Electricity Network Industry Guidelines)
providing a sustainable and economical alternative to other subsea cable protection methods.

1.3.1 Plan For This Access
The primary objective for the project is to measure the cable protector’s tensile and bending
properties to determine recommended operating, yield and maximum loads and displacements,
and study the failure mechanisms. Three different diameters (ø70, 110, 160 mm) will each be tested
and compared. Used and recovered pipes that were deployed subsea for 6 years, as well as new
components will be tested.
Tests will be performed dry when measuring the bending angle to use OptiTrack (3D motion
tracking system). Tests will be performed submerged in fresh water during cyclic fatigue to ensure
the friction between the parts is representative.

2 Outline of Work Carried Out
2.1 Setup
The DMaC test facility is a purpose-built test rig that aims to replicate the forces and motions that
components are subjected to in offshore applications. DMaC is owned and operated by the
University of Exeter (UoE) for research and consultancy purposes to aid in the development of
reliable, low cost offshore renewable energy. The test rig comprises of a linear hydraulic cylinder at
the tailstock that can apply tension and compression forces or displacements to replicate heave
motion. At the other end of the rig, the headstock with three degrees of freedom can apply bending
moments (torque) and angular displacements to replicate the pitch, roll and yaw motions. The
combination of headstock and tailstock simulated the motion of a floating body. The working
principles of DMaC test rig are illustrated in Figure 1.
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2.2 Methodology
Two types of tests were performed on the cable protectors: tension and bending. The testing was
performed submerged in fresh water to ensure the friction between the connection parts was
accurate. No pre-failure loads were applied because the material and structure were not expected
to change due to pre-failure loads (e.g. bedding-in from ISO 17920:20151 were not applicable; work
hardening in materials such as copper were not applicable).
Tension tests involved pulling the samples at quasi-static strain rates (< 0.01 s-1) until failure. The
first test was performed at 0.667 mm/s to measure the strain at failure and then calculate quasistatic strain rates. Failure occurred at 18 mm elongation, so the strain at failure was 0.018 when the
Snap Panzar samples were 1 m long. All following tests were performed at 0.333 mm/s to ensure
quasi-static failure. All tension tests were performed with the split of the pipe horizontally aligned.
The effect of bolting and age were varied during tension tests.
Bending tests involved rotating the headstock of DMaC test rig to 7° and then pulling the samples
at quasi-static strain rates (0.333 mm/s) until failure. The bending tests varied the alignment of the
pipes in relation to the bending direction and the two pipes were aligned together. Alignment was
set by eye (i.e. no measurement) as the installation alignment would not be more accurate.
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2.3 Tests Plan
Table 1: Summary of test plan.
Test
number
Preparation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Diameter

Angle

Aged

Bolted

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
160
160
160
160
160
160
160
160
160
70
70
70
70
70
70

0
0
0
0
0
0
0
0
90
0
0
0
90
90
45
45
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
New
Old
Old
Old
New
New
New
New
New
New

No
No
No
No
Yes
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Test
type
Tension
Tension
Tension
Bending
Tension
Tension
Tension
Bending
Bending
Bending
Bending
Bending
Bending
Bending
Bending
Bending
Tension
Tension
Tension
Bending
Bending
Bending
Tension
Tension
Tension
Tension
Tension
Tension
Bending
Bending
Bending

2.4 Results
2.4.1 Tension tests
The results from the tension tests are summarised in Table 2. The tests varied the diameter,
bolting and age of the Snap Panzar for three test repetitions each.
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Table 2: Summary of tension test results.
Diameter

Bolted

Age

70 mm
110 mm
110 mm
160 mm
160 mm

No
No
Yes
No
No

New
New
New
New
Old

Mean Max.
Load
5.66 kN
16.34 kN
14.82 kN
21.18 kN
14.28 kN

Std. Dev.
0.463 kN
2.057 kN
0.342 kN
0.624 kN
1.235 kN

The load against elongation for the tension tests of the 70 mm Snap Panzar, see Figure 1,
shows that the maximum load was greater than 5 kN with an extension of between 8 mm
and 10 mm; however, the 70 mm Snap Panzar yields at under 5kN and an extension of less
than 5 mm. All three repeats showed there was some degree of residual strength after the
maximum load was reached. (All graphs are plotted in the same scale to aid comparison.)

Figure 1: Load against elongation of tension tests on new 70 mm Snap Panzar (no bolts).
The load against elongation of the 110 mm Snap Panzar, see Figure 2, showed that
maximum load was greater than 15 kN and there was residual strength after the maximum
load was achieved. The first repeat had the highest maximum load; however, it yielded at 12
kN. Whereas the other samples did not yield until the maximum load.
The residual strength is due to one half of the split pipe flange failing and the undamaged,
2nd half of the flange provides the residual strength. This is discussed further in Section 2.5.
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Figure 2: Load against elongation of tension tests on new 110 mm Snap Panzar (no bolts).
The load against elongation of the 110 mm Snap Panzar with bolts, see Figure 3, is very
similar to that of the 110 mm Snap Panzar without bolts when excluding the first repeat of
the test without bolts (i.e. repeat 1 of Figure 2). The test with bolts failed at a maximum load
of 15 kN and an extension of 14 mm with some residual strength after failure. The first
repeat of the tests with bolts (i.e. repeat 1 of Figure 3) shows small steps in the load against
elongation plot; the reason for this is unknown.

Figure 3: Load against elongation of tension tests on new 110 mm Snap Panzar with bolts.
The load against elongation of the 160 mm Snap Panzar, see Figure 4, shows a maximum
load of 21 kN with noticeable yielding after 15 mm extension with noticeable residual
strength after failure.
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Figure 4: Load against elongation of tension tests on new 160 mm Snap Panzar (no bolts).
The load against elongation of the old 160 mm Snap Panzar, see Figure 5, shows the typical
characteristics; approximately linear properties up to a maximum load and residual
strength following failure. The difference in performance between the old and new Snap
Panzars is primarily the maximum load as the typical characteristics and stiffness are the
same. The old Snap Panzars failed at 14 kN but the new Snap Panzars failed at 21 kN. The
stiffness values of the old and new are comparable with approximately 10 mm elongation at
15 kN load. Observations showed the old and new Snap Panzars were from different
manufacturing batches as the outer shape and locking clip colour were different. Therefore,
it cannot be concluded whether the change in performance is due to manufacturing batch
or age.

Figure 5: Load against elongation of tension tests on aged 160 mm Snap Panzar (no bolts).
The tension test results have been plotted on a bar chart in Figure 6 with error bars of one
standard deviation. It can be observed that the maximum load increases with increasing
diameter as expected. The maximum load of the bolted and unbolted tests on the 110 mm
diameter sample can be compared and the error bars indicate that there is no statistical
difference between results; in fact the outlier is repeat one of the test without bolt (Repeat 1
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of Figure 2). The comparison of old versus new Snap Panzars at 160 mm diameter shows
that there is statistical difference; however, it cannot be confirmed whether this difference is
from age or manufacturing batch (as discussed in the paragraph above).

Mean max. load (kN)

25,00
20,00
15,00
10,00
5,00
0,00
70mm standard

110mm - 110mm - 160mm - 160mm standard
bolted
standard
old

Figure 6: Bar chart of tension test results with error bars of one standard deviation.

2.4.2 Bending tests
Load against elongation
The results from bending tests are summarised in Table 3 and the tests varied the diameter
and rotation angle. All bending test samples were new and unbolted. The 0° rotation tests
were repeated three times and, the 45° and 90° rotation tests were repeated twice.
Table 3: Summary of bending test results.
Diameter
70 mm
110 mm
110 mm
110 mm
160 mm

Rotation
0°
0°
90°
45°
0°

Mean Max. Load
5.12 kN
7.81 kN
8.20 kN
7.80 kN
9.10 kN

Std. Dev.
0.070 kN
0.532 kN
0.272 kN
0.370 kN
1.283 kN

The load against elongation for the bending test on the 70 mm diameter Snap Panzar, see
Figure 7. It shows an approximately linear relation up to the yield point and a maximum
load of 5 kN, followed by a constant residual load greater than 4 kN before total failure after
15 mm elongation.
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Figure 7: Load against elongation of bending tests on 70 mm Snap-Panzar (0°).
The load against elongation of the 110 mm diameter Snap Panzar at 0° rotation, see Figure
8, shows the non-linear relationship up to the maximum load of 8kN and some residual
strength after maximum load. The first repeat did not account for the coupled interaction
between the headstock rotation and tailstock displacement; following tests accounted for
the coupled interaction.

Figure 8: Load against elongation of bending tests on 110 mm Snap-Panzar (0°).
The load against elongation of the 110 mm diameter Snap Panzar at 45° rotation, see Figure
9, shows the non-linear relationship up to the maximum load of 8kN. The results at 45°
rotation are comparable to the results at 0° rotation but no conclusion can be drawn.
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Figure 9: Load against elongation of bending tests on 110 mm Snap-Panzar with 45°.
The load against elongation of the 110 mm diameter Snap Panzar at 90° rotation, see Figure
10, shows two peak loads at 6 kN and 8 kN with a 4 kN loss of strength after the first peak.
This is different to the results at 0° and 45° because the double peaks were not present. The
two peaks are anticipated to be due to one half of the flange failing and leaving the other
half to provide the second peak; discussed more in Section 2.5.

Figure 10: Load against elongation of bending tests on 110 mm Snap-Panzar with 90°.
The load against elongation of the 160 mm diameter Snap Panzar at 0° rotation, see Figure
11, shows noticeable differences in performance. Repeat 3 shows the double peak exhibited
by the bending tests at 90° rotation but repeat 1 and 3 do not show this. Furthermore, the
relationship before peak load is non-linear with a various yield points. A maximum load of 9
kN was measured.
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Figure 11: Load against elongation of bending tests on 160 mm Snap-Panzar (0°).
The bending test results have been plotted on a bar chart in Figure 12, including error bars
of one standard deviation. There is a clear trend of increased maximum load with increased
diameter; however, there is no clear difference between the mean maximum load at
different rotation, despite the noticeable differences in load versus elongation relationship
(i.e. the double peak in Figure 10).

Mean max. load (kN)

12,00
10,00
8,00
6,00
4,00
2,00
0,00
70mm - 0° 110mm - 110mm - 110mm - 160mm 0°
90°
45°
0°
Figure 12: Bar chart of bending test results with error bars of one standard deviation.

2.5 Analysis & Conclusions
The failure location was always on the flange or collar of the connecting Snap Panzars
during the tension tests. Typically, the flange on one half of the cable protector totally failed
(i.e. became detached), followed by tearing of the other half and no damage to the collar.
However, a few different locations were observed, such as partial failure of the collar or
total failure of both flanges. There were no clear trends in the observed failure location
when varying the parameters (diameter, age or bolting).
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The partial and total failure of the flange and/or collar are anticipated to be linked to the
residual strength after the maximum load was achieved.
The failure for the bending test was always located on the headstock termination (not at the
connection between the two Snap Panzar as seen in tension tests). Videos of the failure
showed that the failure started on the outer edge of the bending direction and progressed
inwards until failure. The directionality of the failure during bending tests can be linked to
the different load against elongation relationships, whereby the 90° alignment means the
flange on one of the Snap Panzar half-flanges failed and then the other half-flange
experienced the entire load; however, a 0° alignment means the two half-flanges jointly
supported the load through to total failure. Most of the bend tests result in total failure of
the flanges.
Comparing with previous test for ring stiffness (ISO 9969:20162) which gives a smaller
dimension of Snap Panzar a greater mean maximum load, the test in SPCP shows that the
greater the dimension of the pipe gives a higher mean maximum load in tension and
bending properties.

3 Main Learning Outcomes
3.1 Progress Made
For further product testing improved dimensional accuracy of the terminations to better
represent the flange and collar dimensions should be made. This should ensure the failure
during the bending tests is not at the termination. Additionally, the bending test method
could be improved so that failure occurs in between the two Snap Panzar samples (rather
than at the headstock termination). The bend tests could also test at incremental angles
between 0° and 7°, further investigating the effect of bolting and rotation angle.
Further product development will enhance the flange and collar solution significantly to
withstand greater tension and bending loads. The Snap Panzar ø 70 mm pipe injection tool
has already received an update to further improve this.
It has been shown that the flange is the most critical part and further product development
for the flange and collar could improve the tensile and bending properties.
Previous assumptions that using a bolt to secure the pipe halves would improve the tensile
strength has been disproved, however rather decreasing the tensile properties. Comparing
with previous test for ring stiffness (ISO 9969:20162) with and without bolt were the bolted
tests showed a significant higher maximum load.

3.1.1 Progress Made: For This User-Group or Technology
Product properties which have not previously been able to obtain has now been received.
This data will allow for clients to feasibility check the product regarding specific
requirements for actual project at hand. Furthermore, the data retrieved can be provided as
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indication of a cable protector “good enough” to other methods at several subsea cable
applications depending on local environment.

3.1.2 Progress Made: For Marine Renewable Energy Industry
At many projects other cable protection systems are redundant and too expensive. The
possibility to choose Snap Panzar as a sustainable, easy to install and economical solution
should benefit the marine renewable energy industry always looking out for new
sustainability and economically solutions. Thanks to now obtained verification of often
requested data for bending and tensile properties.

3.2 Key Lessons Learned
-

Improved product quality thanks to identification of product development
possibilities.
Identified improvements of the pipe’s flange and collar to improve tensile and
bending strength.
Identified when to use and not to use bolt as extra reinforcement.
The rotation angle was not shown to significantly affect the maximum load, despite
the different load versus elongation relationships.
Even though failure of the flange/collar occurred the pipe would still remain attached
and give a good protection for the cable while awaiting replacement of the pipe.
Lessons learned for further product development.

-

4 Further Information
4.1 Website & Social Media
Website: https://greenpipegroup.com/
YouTube: https://youtube.com/playlist?list=PLHDMOq6eZzXK0shjgtS6mF_UURA2wJ5bZ
LinkedIn: https://www.linkedin.com/company/greenpipe-international/

5 references
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ISO/TS 17920:2015 Fibre ropes for offshore station keeping – Aramid
ISO 9969:2016 specifies a test method for determining the ring stiffness of
thermoplastics pipes having a circular cross section.
2
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6 Appendices
6.1 Pictures

Figure 20: Typical failure of Snap Panzar flange (Test 2 - 110mm diameter, new, unbolted)

Figure 21: Partial failure of the Snap Panzar collar (Test 6 – 110 mm diameter, new, bolted)
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Figure 22: Total failure of both Snap Panzar flanges (Test 28 – 70 mm diameter, new,
unbolted)

Figure 23: Failure of Snap Panzar during bending test showing failure on the outer edge of
the bend (i.e. top of image) and tearing toward the inner edge (i.e. bottom of image) (Test 8
– 110 mm diameter, new, 0°).
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Figure 24: Total failure of Snap Panzar during bending test (Test 20 – 160 mm diameter,
new, 0°).
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