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Abstract: The French Association for Earthquake Engineering (AFPS in French) edited last 
year new guidelines dedicated to evaluate seismic risks for steel buried transmission 
pipelines. This work has been done in cooperation with the gas operators and the French 
Regulator as earthquake regulations have been recently evolving.  
 
Today, another group has been constituted and is aimed at making guidelines dedicated to 
distribution pipelines and especially polyethylene pipes which are made of a visco-elasto-
plastic material quite different from elasto-plastic steel. This group entails seismic experts, 
PE experts and the French distribution operators who own more than 150,000 km of PE 
pipes. 
 
This paper presents the first part of the guidelines which are: an exhaustive feedback for 
distribution pipelines; the seismic loading relevant to distribution pipelines in the French 
context and the test program which is intended to be performed at CRIGEN, the Centre of 
Research and Innovation for Gas and New Energies during the work. 
 
The test program consists on the one hand in performing dynamic loading of PE pipes under 
pressure to simulate the vibratory part of the earthquake. On the other hand, pipes are 
submitted to displacements to simulate faults or liquefaction-induced movements. 
 
Both series of tests are completed with non-destructive evaluation by mean of the Phased 
Array Ultrasonic Technique on the pipes before and after the loadings. 
 
Both series of pipes are then submitted to hydraulic pressure at 80°C in order to evaluate 
their residual mechanical performances according to the standards. The tested PE pipes 
come  both  from  CRIGEN’  stock  (properly  stored  and  not  operated)  and  from  the  field  with  a  
35-year operation life pipe. 
 
 
Results and discussion will be presented in the paper. 
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Context: moderate seismicity which has to be taken into account 
France is a country with a moderate seismic activity compared to Japan for example (see 
[Shinamura and Naoto, 2008]). However earthquakes can have consequences on industrial 
infrastructures in some regions, that is a reason why the Regulator updated the legislation for 
gas transmission and distribution pipelines.  
The French Association for Earthquake Engineering (AFPS in French) helps the community 
by editing different guidelines regarding earthquakes aspects. It has recently updated the 
CT15 (see [AFPS CT15-2013, 2014]) aimed at designing and assessing the buried 
transmission pipelines (i.e. high pressure steel pipes) regarding earthquakes. 
This paper presents the activity of the AFPS group in charge of the buried distribution 
pipelines evaluation regarding the Metropolitan French seismic context. The group is 
composed of AFPS members, a team of the main gas operator (research division and 
operational division) and the French Gas Association who represents all the gas operators. 
 
Aims of the guidelines 
These guidelines are especially aimed at designing and assessing with regards to 
earthquakes the buried polyethylene (PE) pipelines used for gas distribution with a pressure 
of 4 bar (up to 8 bar in specific configurations) as steel distribution pipelines can be assessed 
with AFPS CT15-2013.  
There are few results in the literature for PE pipes, therefore an ambitious program of tests 
and research has been planned: 

 Use the feedback to focus on the stakes for PE network 
 Perform dynamic tests on PE (reproduce seismic waves)  
 Perform deformation tests (reproduce permanent deformation due to fault movement, 

liquefaction, etc.) 
Main lessons learnt from past earthquakes regarding PE pipelines behaviour (used both for 
water and gas networks) are presented in a first part. The second part defines the seismic 
loading with regards to French context and that are used in the tests presented in the third 
part. A conclusion presents a discussion and gives some perspectives. 
 
Earthquakes feedback regarding buried PE pipelines 
The use of pipelines to transport fluids is quite ancient. Wood has even been used for gas 
pipelines in the 19th century. However, the first earthquake with mention of buried pipelines is 
the 1933 Long Beach California where metal pipelines were the majority. The use of PE 
pipes is recent compared to metal pipes, that is why the feedback for these pipelines is 
relatively recent.  

 During the earthquake of Kobe in Japan (1995), some minor damages were reported 
on PE pipelines with no great consequences with regards to the Mw 6.9 magnitude. 
The Japan Gas Association even decided to update its seismic recommendation for 
distribution pipelines and advised to change the steel distribution pipelines for PE 
pipelines.  

 In 1999, occurred the Mw 8.2 Izmit earthquake in Turkey, Europe. Damages on the 
PE network were reported, especially at service pipes mainly due to buildings 
collapses. However, firemen reported that during the rescue operations, no fire was 
due to a gas leak in Izmit region as well as in Istambul region. 

 Severe damages on different buried networks were reported following the 1999 
Mw_7.3 Chi-Chi earthquake but no figured data were available. 

 In 2007 Mw 6.6 Niigata earthquake, minor damages were reported on PE pipes with 
no consequences. 

 No damage on the PE network was reported   following   the   L’Aquila   earthquake,  
Mw_6.3 in Europe, 2009. 

 Some minor damages on the gas distribution network were reported following the 
huge Mw 8.8 Maule earthquake, Chile, 2010, but it is uncertain whether it concerns 
PE pipes. 
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 No leak was, a priori, reported during the 2010 and 2011 Christchurch earthquakes 
(resp. Mw 7.1 and 6.4) on PE networks (see   [O’Callaghan,   2014])   even if severe 
damages were reported on other infrastructures. 

 Some damages were reported and the constitution of a feedback focused on the 
great Honshu earthquake is still in progress. However, the first observation of the 
Japan Gas Association following this earthquake (2011, Mw 9.0) was that the use of 
PE pipe allowed to limit the potential damages on the gas distribution network 
compared to the 1995 Kobe earthquake.  

 No damage was reported during the Lorca earthquake (Mw 5.1, Spain, Europe, 
2011). 

As a summary, it can be stated that polyethylene buried gas distribution pipelines resist 
pretty well to earthquakes compared to classical (aerial) infrastructures. Main damages are 
often due to external sources like a building collapse or in worst cases, the displacement of a 
house taken by a tsunami (Sendai, Japan, 2011). The origin of the damage is most of the 
time not intrinsic to the PE pipelines network design and construction.  
The loads potentially affecting the pipelines are gathered in the two following categories: 

 Dynamic loads, vibrations, wave propagation, etc. 
 Permanent ground deformation, fault movement, liquefaction-induced movement, 

lateral spread, landslides, slope movement, etc. 
The aim of the tests performed by the AFPS working group and presented below is to 
reproduce representative loads on PE pipes in these two categories. The definition of the 
loading regarding the Metropolitan French context is given in the following section. 
 
Definition of seismic loading 
One objective of the test is to reproduce the loading of the pipe during an earthquake, as 
close as possible from the reality. It is well known that buried pipes are subjected to the 
surrounding soil displacement [EC8-4, 2004], [AFPS CT15, 2014] or [ASCE, 1984]. For a 
general section, far from anchors, sharp bends... an upper bound of axial strain is equal to 
the strain in the surrounding soil, and is given by the following formula: 

 𝜀 =  (1) 

where vmax is the maximum ground velocity and c is the incident wave velocity. This formula 
gives a good evaluation of the seismic strain in the line provided the wave velocity, c, 
represents the celerity of incident wave, that is a wave which interests a rather important 
depth under the pipe, and which is usually of the order of 1000 m.s-1. A flexure of the pipe is 
also present due to the soil lateral movement imposing the curvature of the pipe, but the 
generated strain is of significantly lower magnitude, specially for small diameter lines; it will 
no more be considered in the paper. 
 
For the cyclic testing of pipes elements, it is important to represent in a simple way the time-
dependent strain applied by soil displacement and which maximum value is given by formula 
(1) and which should be consistent with the hazard imposed by the Seismic Code. This 
hazard is essentially defined by prescribing the maximum acceleration at the considered site: 

 𝐴 = 𝛼  𝑆  𝛾   𝑎  (2) 

In the formula, the ground acceleration agr is prescribed by the law [French Administration, 
2015]), 𝛾  is the importance coefficient (prescribed in the law), S is the soil factor from EC8a 
and 𝛼 a coefficient which takes into account the amplification of the input wave due to lateral 
discontinuities; its value is taken equal to 1.2 or 1.4 according to the type of soil at both part 
of discontinuity. 
 
The EC8 provides in 3.2 maximal values of ground velocity and displacement. They are 
given by the following formulas. For velocity: 



 
C. FERNANDEZ, A BOUJLAL, D. GUEUGNAUT, C.LOHEZIC, P.-A. NAZE, T. PLOUJOUX, P. 

SOLLOGOUB, M. ZAREA and B. CHARLOT 

4 

 𝑉 = 𝛼  𝑆  𝛾   𝑎  (3) 

and for displacement: 

 𝐷 = 𝛼  0.025  𝑇   𝑇   𝑆  𝛾   𝑎  (4) 

Where  𝑇  and 𝑇  are controlling periods in the definition of ground spectra (EC8).  
The load to be applied to the specimen should reproduce these prescribed characteristics. It 
is well known that it is not possible to define a time dependent function, simple, which will 
fulfil the 3 conditions above in Equations (2), (3) and (4). A classical mean to tackle this 
difficulty to represent the ground motion is to use the sinusoidal relationship (5), see 
[AFPS_2002] and [Newmark 1968].  

 𝑢(𝜔, 𝑡) = 𝐷 sin(𝜔(𝑡 − )) (5) 

Two movements are defined, one at low frequency which verifies the maximum imposed 
displacement and velocity, and the second at high frequency which verifies the maximum 
imposed velocity and acceleration. These conditions (two for each case) allows defining the 
two parameters of the input signal (5), 𝐷 and 𝜔. From equation (5) maximum strain and 
maximum strain rate, needed for testing, are derived and reported in Table 1.  
 

Table 1. Soil deformation and deformation rate 
Low frequency movement High frequency movement 

 

𝜀 = 𝑉
𝐶  

𝜀̇ = 𝑉
𝐷 𝐶 

 

 

𝜀 = 𝑉
𝐶  

𝜀̇ = 𝐴
𝐶  

 
 
Table 2 shows all the numerical values derived from these equations for the seismic Zone 4, 
corresponding to highest seismicity in the Metropolitan part of France, for the different soils, 
A to E, as defined in EC8. Frequencies 𝑓  and 𝑓  are stated for the low and high frequency 
movements respectively; they are derived from equation (5). 
 

Table 2. Numerical values for Zone 4 
ZONE 4       Low frequency High frequency 

Sol S 
(-) 

TC 
(s) 

TD 
(s) 

 𝐷  
(m) 

𝑉   
(m.s-1) 

 𝐴  
(m.s-2) 

 𝜀  
(-) 

 𝜀̇  
(s-1) 

𝑓   
(Hz) 

 𝜀  
(-) 

 𝜀̇  
(s-1) 

 𝑓  
(Hz) 

A 1 0,2 2,5 0,039 0,100 3,136 0,010% 0,025% 0,405 0,010% 0,314% 5,000 

B 1,35 0,25 2,5 0,066 0,168 4,2336 0,017% 0,043% 0,405 0,017% 0,423% 4,000 

C 1,5 0,4 2 0,094 0,299 4,704 0,030% 0,095% 0,507 0,030% 0,470% 2,500 

D 1,6 0,6 1,5 0,113 0,479 5,0176 0,048% 0,203% 0,675 0,048% 0,502% 1,667 

E 1,8 0,45 1,25 0,079 0,404 5,6448 0,040% 0,206% 0,811 0,040% 0,564% 2,222 
 
Table 3 summarizes the values used for the cyclic tests. They cover reasonably the 
variations of the different parameters up to the Zone 5, which concern mainly the French 
West Indies Islands, Guadeloupe and Martinique. A margin of about 2 on the amplitude will 
be applied.  
  



 
C. FERNANDEZ, A BOUJLAL, D. GUEUGNAUT, C.LOHEZIC, P.-A. NAZE, T. PLOUJOUX, P. 

SOLLOGOUB, M. ZAREA and B. CHARLOT 

5 

 
Table 3. Range of parameters used for cyclic tests 

Seismicity zones 
Low frequencies High frequencies 

𝜀  𝑓  (Hz) 𝜀  𝑓   (Hz) 

4 0.01 to 0.05 % 0.4 to 0.8 Hz 0.01 to 0.05 % 1.7 to 5.0 Hz 
5 0.04 to 0.10 % 0.5 Hz 0.04 to 0.10 % 1.3 to 2.5 Hz 

 
In addition to the cyclic test, some experiments simulating the local deformation imposed to 
the pipe by fault crossing have to be performed. Load is applied by means of a 4-point 
bending setup. The objective is to simulate a relative displacement of the fault, δ, applied on 
a length L0. 
 

 
Figure 1. Definition of the length L0 where the fault movement has an incidence on the pipeline 

deformation for the continental context (dotted line is the original position of the pipeline before the 
fault movement) 

 
Table 4 and Table 5 summarise the values derived using classical formulation [AFPS CT-15], 
according to the zone, the associated maximal magnitude. 
 

Table 4. Longitudinal strain for L0 = 10 cm  
Seismicity 

zone 
Magnitude 

(Mw) 
𝑳𝟎 

(cm) 
𝜹  

(cm) 𝜺𝐚𝐱𝐢𝐚𝐥 
3 5 10 5 12 % 

4 6 10 25 169 % 

5 6,5 10 50 410 % 
 

Table 5. Longitudinal strain for L0 = 50 cm 
Seismicity 

zone 
Magnitude 

(Mw) 
𝑳𝟎 

(cm) 
𝜹  

(cm) 𝜺𝐚𝐱𝐢𝐚𝐥 
3 5 50 5 0 % 

4 6 50 25 12 % 

5 6,5 50 50 41 % 
 
Experimental 
Studied samples: The pipes to be tested have been selected according to their 
representativeness on the French distribution network, on the basis of the following criteria:  

- Three PE resins widespread on the distribution networks, especially for PE63 and 
PE80 with respect to the time period 1975-1990 [Gueugnaut et al. 2012-a];  

- One PE resin chosen in each class: PE63, PE80 and PE100; 
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- One freshly excavated pipe with a significant operational life; 

- Existence of reference data at CRIGEN in order to be able to evaluate the influence 
of the seismic sollicitations on the residual mechanical performances of the selected 
pipes; 

The references of the pipes are given in Table 6. 
Table 6: Characteristics of the test specimens  

ID (CRIGEN) Test specimen 
 

PE type Pipe outer 
diameter (SDR*) 

Pipe fabrication 

 
#6581 / 12727 

 

16-17 - AB 
16-17 - BC 

12-13 
14-15 

 
PE63 

 
110 (11) 

 
August 1977 

 
#574 (TSX) / 8819 

 

1 / G1 - XY 
1 / G1 - YZ 

2-AB 
2-BC 

 
PE80 

 
110 (11) 

 
August 1991 

 
13432 

1 / AB 
2 / BC 
3 / AB 
3 / BC 

 
PE100 

 
110 (11) 

 
January 2014 

(*) Standard Dimension Ratio = External Diameter / thickness 
 
Cyclic loading tests: These tests were carried out by means of a servo-hydraulic machine 
on 850 mm-long pipes with a 650 mm-calibrated zone. After the pressurization stage at 
4_bar, the pipe was submitted to a sine wave compression-tensile deformation of ± 0.05 % 
during 15 s for a frequency of 5 Hz. During the test, both the axial force and the axial 
deformation were recorded. The axial deformation was measured by means of a mechanical 
extensometer which was fixed in the middle of the calibrated zone, as shown in Fig. 2a. 
 

        

a) Setup for Dynamic tests   b) Permanent Ground Deformation Tests 

Figure 2.  Experimental setup for the cyclic compression-tensile tests on the PE pipes (a) and 
schematics of the 4-point bending test for permanent ground deformation simulation (b) 

 
Bending tests: The 4-point bending test was chosen in order to simulate an imposed 
deformation during the seismic loading. Such a test allows one to evaluate the effort needed 
to bend the pipe for a given displacement in its central part while keeping constant the 
bending moment, as illustrated in Fig. 2b. 

In such a configuration, the overall calibrated zone – referred to as L on the schematics – 
was 600 mm long with a 200 mm-long centered calibrated zone. The maximum displacement 
or deflection which could be imposed in this zone was 1.5 times the outer diameter, meaning 
165 mm for the 110 mm pipe specimens. Given the relationship between the deflection s and 
the radius of curvature of the pipe R (D being the outer diameter), as illustrated by the 
formula (5)  
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 𝑅 =     (5) 

It was possible to compare the maximum displacement (165 mm) to the winding ratio 
currently applied to the pipes during storage on coils or drums. Calculation shows that the 
165 mm deflection represents a winding ratio about 3 times smaller than that currently used 
during storage.  
The 4-point bending tests were carried out at 23 °C on non-pressurized pipes with a loading 
rate of 20 mm.min-1 by means of a hydraulic machine. Once the maximum deflection 
attained, the pipe was maintained in its bent position by means of a blocking system. The 
displacement was measured by means of a mechanical gauge as illustrated in Fig. 3. 
 

  
Figure 3. Setup for 4-point bending tests on PE pipes 

 
Hydrostatic pressure tests: The residual performances of the pipes have been evaluated 
after the seismic-like solicitations by means of the standardized hydrostatic pressure test 
(HPT) at 80°C (water inside the pipe and water or air outside the pipe). For the 4-point bent 
pipes, the HPT were carried out in the presence of the bending system, as shown in Fig. 4.  

  
Figure 4. Hydrostatic pressure tests on 4-point bent pipes 

 
The HPT conditions along with the requirements comply both with the NF EN 1555-2 
standard [NF EN 1555-2, 2010] – for PE80 and PE100 – and with the technical data file and 
the specifications existing before 1980 for the the excavated PE63 pipe, as indicated in Table 
7.   
 
 
 
 
Table 7: Experimental conditions and requirements for the hydrostatic pressure tests (imposed hoop 

stress / temperature)  
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PE63 
(#6581 / 12727) 

PE80 
(#574 (TSX) / 8819) 

PE100 
(13432) 

2 MPa / 80°C 
 

600 h without 
failure 

4 MPa / 80°C 
 

50 h  without 
failure 

4 MPa / 80°C 
 

1,000 h without 
failure 

4.5 MPa / 80°C 
 

165 h without 
failure 

5 MPa / 80°C 
 

1,000 h without 
failure 

5.4 MPa / 80°C 
 

165 h without 
failure 

 
Non-destructive evaluation: The Phased Array Ultrasonic Technique (PA UT) was used to 
detect the occurrence of any damage in the pipes after the sequenced solicitations. This 
technique proved to be a promising candidate for the detection of faults in both PE welds and 
PE pipes [Gueugnaut et al. 2012-b] and [Gueugnaut et al. 2014]. The inspection is performed 
via a 16-element probe using phased array technology in Pulse Echo mode. This makes it 
possible to generate, in the same sequence, multiple beams in longitudinal waves of angles 
of incidence varying by steps of 1° within a range of -25° to +25°. The ultrasonic velocity of 
the longitudinal waves was set to 2200 m.s-1 for the three PE under study. For the linear 
parts, a mapping of the pipe was made using a specific device allowing a rotation and axial 
displacement on which was fixed a wedge designed to adapt to the pipe curvature and to 
assure an optimized 45° refraction angle on the pipe inside for the longitudinal waves, as 
illustrated in Fig. 5. In such a configuration the results are presented in a C-Scan form (view 
from the above). For the bent pipes only a manual local examination was possible due to the 
significant curvature of the pipe in the calibrated zone. In this case the results are presented 
as S-Scan images. 
 

  
Figure 5. PA UT device for pipe mapping 

 
RESULTS AND DISCUSSION 
Cyclic tests 
Fig. 6 presents the strain vs. time measured both by the displacement of the cylinder of the 
machine and by the mechanical extensometer installed locally in the middle of the calibrated 
zone. The perfect superposition of both curves suggests a homogeneous deformation all 
along the calibrated zone. 
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Figure 6. Deformation vs. Time measured both by the machine and by the local extensometer 

 
Figs. 7 (a, b and c) present the mechanical response of the three PE pipe families to the 
cyclic loading. 

 
Figure 7a. Mechanical response of PE63 under cyclic loading 

 
Figure 7b. Mechanical response of PE80 under cyclic loading 
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Figure 7c. Mechanical response of PE100 under cyclic loading 

 
The results show a linear behavior of the materials in this range of deformation with a slight 
hysteresis between loading and unloading of the test specimen. The three PE families reveal 
a similar mechanical behavior for these experimental conditions.  

4-point bending tests 
Figs. 8 (a, b and c) present the Load-Displacement curves for the three PE families. 

 
Figure 8a. Force vs. Displacement for the PE63 pipes under 4-point bending test 

 

  
Figure 8b. Force vs. Displacement for the PE80 pipes under 4-point bending test 
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 Figure 8c. Force vs. Displacement for the PE100 pipes under 4-point bending test 

 
The similar shapes of the curves show the good reproducibility of the tests Nevertheless, the 
maximum values of the deflection can differ with respect to the targeted value of 165 mm. 
This is mainly due to the heterogeneous squeezing of the pipe which occurs up to the end of 
the test. Consequently the hypotheses of the 4-point bending are not valid anymore in the 
second part of the curves. In the first part of the curves, the maximum values of the force are 
attained for a displacement of the order of 50 to 60 mm for the three PE families. These 
values are of the order of 14 kN, 12 kN and 15 kN respectively for PE63, PE80 and PE100, 
which correspond to respective bending energies of the order of 650 J, 580 J and 700 J for 
the three PE. This expected ranking – with respect to the force or to the energy – is in good 
agreement with the respective stiffness of these three PE [Gueugnaut et al. 2008], 
[Gueugnaut et al. 2011] and [Gueugnaut et al. 2012-c]. 

Hydrostatic pressure testing after cyclic loading 
The results of the HPT carried out on the pipes after cyclic loading are given in Table 8. 

Table 8. HPT results on the pipes submitted to cyclic loading (imposed hoop stress / temperature) 

PE63 
(#6581 / 12727) 

PE80 
(#574 (TSX) / 8819) 

PE100 
(13432) 

2 MPa / 80°C 
 

4 MPa / 80°C 
 

4 MPa / 80°C 
 

4.5 MPa / 80°C 
 

5 MPa / 80°C 
 

5.4 MPa / 80°C 
 

Stopped without 
failure  

at 1,034_h 

 
Brittle failure 
at  ≈  72_h 

Stopped without 
failure at 
1,034_h 

Stopped 
without failure 

at 233_h 

Stopped without 
failure at 
1,034_h 

Stopped 
without failure 

at 301_h 
 

These results show that the PE80 and the PE100 both comply with the requirements of the 
Standard without any failure during the test duration. 

The excavated old PE63 pipe also still meets the requirements in force at the time of its 
fabrication, the brittle failure which occurred for the highest stress being located beyond the 
expected regression curve of this PE resin.  As expected the brittle slit-like failure occurred 
on the pipe line of minimum thickness, as illustrated in Fig. 9. The observation of the failure 
surface on a cross-section reveals the expected development of the slow crack growth from 
the inner layers of the pipe thickness to the outer surface. A visual examination of the inner 
surfaces of the pipes (longitudinally cut) does not reveal any faults or crack site, except that 
responsible for the failure. 
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Figure 9. Brittle failure of the PE63 pipe under accelerated HPT conditions (80°C and 4 MPa) and 

cross-section of the failed area 
 
In conclusion, the cyclic loading imposed formerly to the pipes does not reduce their 
performances with regards to their HPT resistance under accelerated conditions, even after a 
35-year life in the field for the excavated PE63 pipe. 

Hydrostatic pressure testing on 4-point bent pipes 
The results of the HPT carried out on the bent pipes are given in Table 9. 

Table 9. HPT results on the 4-point bent pipes (imposed hoop stress / temperature) 

PE63 
(#6581 / 12727) 

PE80 
(#574 (TSX) / 8819) 

PE100 
(13432) 

2 MPa / 80°C 
 

4 MPa / 80°C 
 

4 MPa / 80°C 
 

4.5 MPa / 80°C 
 

5 MPa / 80°C 
 

5.4 MPa / 80°C 
 

 
Brittle failure 
at  ≈  206_h 

 
Brittle failure 
at  ≈  14_h 

Stopped without 
failure at 
≈1,050_h 

Stopped 
without failure 

at 316_h 

Stopped without 
failure at 
≈1,050_h 

Stopped 
without failure 

at 264_h 
 

These results show that the PE80 and the PE100 both comply with the requirements of the 
Standard without any failure during the test duration. 

The  excavated  old  PE63  pipe  doesn’t  meet  the  requirements  anymore in force at the time of 
its fabrication. The two slit-like brittle failures which occurred for the two stress levels of the 
accelerated HPT being located beneath the expected regression curve of this PE resin. In 
both cases the failure times are about one third of the expected ones for the respective 
stress levels. The failure occurred either in the calibrated central zone in the vicinity of one of 
the inner rolls of the 4-point bending device and one along the line of minimum thickness, or 
outside the calibrated zone in the vicinity of one of the outer rolls of the device at 90° with 
regard to the line of minimum thickness, as illustrated in Fig. 10. In both case the angle of the 
slit direction with the line of the pipe does not exceed about 40°. 

It is worth noting that, as a consequence of the severe deformations imposed by the 4-point 
bending test, no geometrical recovery of the pipes could be observed until now. Moreover, 
an ovality as high as 26 % can be persistent in the most squeezed zones, which is far higher 
than the required value of the order of 6 % for PE pipes. This result indicate a severe local 
plasticization of the material probably well above the threshold values defined for these PE 
materials [Ouakka et al. 1997], [Gueugnaut et al. 2011] and [Boujlal et al. 2012-C]. 

A  visual  examination  of  the  inner  surfaces  of  all  the  pipes  (longitudinally  cut)  doesn’t  reveal  
any wrinkles-like faults in the so-called squeeze-off ears generally located in the equatorial 
plan at 90° of the squeezing direction [Gueugnaut et al. 2002]. Thus the 4-point bending test 
doesn’t   induce   a   squeeze-off-like damage even in the most ovalized parts of the pipes. 
Nevertheless, the visual examination on the oldest pipe (PE63) reveals some cracks located 
in the area of the rolls of the device. 
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Figure 10. Slit-like brittle failures in the PE63 specimens (white circle) after accelerated HPT on 4-

point bent pipes 
As shown in Fig. 11, these cracks are oriented both in the transverse direction and in the 
longitudinal direction. The transverse cracks, whose depth represents approximately 70-to-
80 % of the pipe thickness, are clearly the consequence of the extreme bending induced by 
the rolls of the device. Their lengths are approximately that of the contact length between the 
roll and the pipe. The longitudinal cracks seem to develop in the ovalized part around the roll 
where the pipe is in tension (at the contrary of the squeeze-off zones where compression is 
dominating). 

   

     
Figure 11. Visual examination of the cracks at the inner surface of the 4-point bent pipes 

 

The absence of HPT results directly at 20 °C does not allow for now to have a precise idea of 
the reduction of the old pipe performances after a 35-year life on the network and facing 
roughly such a severe solicitation. Nevertheless, an analogy could be made with the residual 
performances of the same PE63 facing very severe squeeze-off conditions at -5 °C. The 
position of the two brittle failures obtained under HPT at 80 °C for the PE63 bent pipe with 
regard to the HPT results formerly obtained by CRIGEN on squeezed-off pipes at low 
temperatures would suggest that the damaged 4-point bent PE63 pipes could still sustain a 
4_bar internal pressure without any failure before approximately 1-to-2 years at 20 °C. 
Complementary accelerated HPT are in progress to confirm this trend. 

Non destructive evaluation by PA UT 

Fig. 12 gives, as an example, the PA UT mapping of the excavated PE63 pipe before and 
after the cyclic tests. The outer surface (bottom) reveals a lot of surfacic faults attributed to 



 
C. FERNANDEZ, A BOUJLAL, D. GUEUGNAUT, C.LOHEZIC, P.-A. NAZE, T. PLOUJOUX, P. 

SOLLOGOUB, M. ZAREA and B. CHARLOT 

14 

expected  surface  scratches.  At  the  contrary,  the  inner  surface  (top)  doesn’t  reveal  any  faults  
even after the cuclic tests.  

  
Figure 12. C-Scan of the PE63 pipe before the cyclic test (left) and after the cyclic test (right). Y-axis is 

the pipe circumference and X-axis is the specimen length 
 
The systematic analysis on the other pipes is still in progress but the evaluations already 
available lead to the same conclusions even after accelerated HPT except for the oldest 
pipes for which both the big cracks here above mentioned and the failure zones are easily 
detected by the PA UT technique. Consequently, the absence of other faults in the wall 
thickness of the different specimens scanned up to now suggests the absence of some crack 
initiation sites even after the severe conditions of the 4-point bending test for the pipes which 
comply with the standard requirements or the technical specifications. 

Acknowledgments:  The authors want to acknowledge Bertrand Sevre and Romuald 
Bouaffre who performed the tests at CRIGEN and Florent Angelini from Institut de Soudure 
Industrie (Villepinte, France) for the PA UT experiments. 

Conclusion and perspectives 
This paper summarizes the works of an AFPS (French Association for Earthquake 
engineering) working group aimed at making guidelines to design and assess polyethylene 
(PE) pipelines with regards to earthquakes. As it has been shown in this paper, the PE gas 
distribution pipelines resist well regarding prescribed design earthquake, according to the 
French seismic zoning. From the feedback, two different kinds of loading which could affect 
the PE pipelines were put forward: wave propagation and permanent ground deformation. 
Such loadings were reproduced in laboratory tests with regards to the French Metropolitan 
context. 
The main results are: 

 Dynamic loading does not alter the pipe residual performances for the three PE 
families tested, as shown by both the hydrostatic pressure tests and the Phased 
Array Ultrasonic Technique evaluation (Non Destructive Testing). 

 Bending tests do not alter the performances of the PE90 and PE100 families, which 
comply with the standard requirements. The excavated 35-years old PE63 pipe 
doesn’t   meet   the   requirements   anymore although no immediate failure occurred. 
Moreover, the reduced failure times obtained under accelerated pressure tests 
suggest a remaining life of about one to two years. This trend has still to be confirmed 
by other undergoing pressure tests. 

The tests show a very good behaviour for the main straight lines which is the scope of this 
working group. As a prospect, the behaviour of singular points like service pipes, fittings, 
teas, etc. has to be explored further to complete the scope regarding PE networks.  
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