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1. Introduction

High density polyethylene (PEHD) pipes are still
widely used in the transportation and distribution of natural
gas. Updated statistics indicate that more than 90% of the
gas-networks are actually made of PEHD, this, could be
attributed to its easy setting up procedure, the attractive
ratio of its performances to its weight and its attractive cost
relatively to its long- term resistance to chemical agents.
The mechanical properties of structural pipes made of
PEHD have been previously studied by many researchers;
investigations dealing with many aspects of their behaviour
have been reported in the literature. Variations of the me-
chanical properties have been investigated [1]. Hamouda et
al. investigated the effect of the type of loadings on the
behaviour of the polyethylene [2]; the failure mechanism
has been studied by Baer [3], Byoung-Ho [4]. The envi-
ronmental issues were discussed y Zhou [5].

Methods for the determination of strength at fail-
ure under impacts and during crack’s propagation were
developed specifically for this type of material. Pipes used
for gas transportation are usually used under working high
pressures. Pressure fluctuations makes the load applied to
the pipes more dynamic. Under such conditions it is useful
to estimate the maximal pressure loads to which such pipes
could resist without experiencing any deformations or fail-
ure during the serviceability period. Mechanically the
PEHD are characterised by the long term hydrostatic
strength (LTHS) and by the minimal required strength
(MRS), their design should conform to the ASTM D2837
and ASTM D2513 norms.

The most common characterisation mode is pre-
sented by the normalised pulling-out (tension) test with
constant lengthening (extension) rate. It is however, well
known that when a solid is subjected to cyclic stresses,
failure could happen for maximal stress corresponding to
the values well beyond the loading failure and even at elas-
tic limits: this is well known as the fatigue (weariness).
Physically, the application of cyclic stresses to a solid ma-
terial, including plastic, leads to the evolution of atomic
processes and variable molecular which could lead to local
microscopic damage.

This paper presents the results of an experimental
investigation dealing with the mechanical behaviour of a
high density polyethylene grade 80 (PEHD 80), tested un-
der cyclic pulling-out (tension) loading. The effect of the
number of cycles and the level of loading upon mechanical
properties of the material and its morphology is reported
and discussed.

2. Experimental investigation

2.1. Material properties and sample preparation

The type of material considered, is used in the
production of pipes, intended to natural gas transportation.
These pipes are designed to resist internal loading pressure
of 4 bars; they are manufactured by an Algerian Company
(Sotuplast Chlef). The high density polyethylene is a ther-
moplastic derived from hydrocarbons, produced by adding
polymerisation, and transformed by extrusion, its main
physical properties are presented in Table 1.

Table 1

Physical properties of the PEHD 80
Volumetric Mass, g/cm’ 0.95 t0 0.98
Fluidity index (‘at 190 °C), g/ min 0.75
Back carbon content, % 2.0t02.6
Rate of crystallizing (in volume) 73 to 82
Vitreous temperature Tg, °C 125
Melting temperature,’C 137

The samples used for the fatigue tests, are cut
from tubes made of PEHD 80, having an external diameter
of 40 mm and internal diameter of 32 mm. The cutting was
done following the parallel line to the extrusion side. The
samples were used without heating nor flattening, using
“piece’s carrier” as recommended by the NF T54 — 074
norms. The samples shape and detailed dimensions are
presented in Figs. 1 and 2 respectively.
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Fig. 1 Shape of the samples
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Fig. 2 Detailed dimensions of the sample



2.2. Fatigue tests

Fatigue tests have been conducted using a Univer-
sal testing machine (type ZWICK ROELLE Z005), with a
loading capacity of 5 kN. This machine is equipped with a
computer controlled system for the data recording and data
processing (testxpert).

Cyclic-test series at constant rate (speed) of 10
mm/min have been carried following a prescribed dis-
placement for a number of cycles varying between 1 and
10000, corresponding to two levels of loadings, ie. 50%
and 70% of 4L,,. Each tests series is followed by a pulling-
out loading until failure occurs. The cycling frequency is
maintained constant at the value of 2 Hz. It should be men-
tioned that a simple pulling-out test has been carried out
prior to cycling, in order to investigate the effect of the
loading rate. Based on the results the maintained a testing
rate is 10 mm/min. To investigate the effect of the cycling
on the material morphology, observations using optical
microscope have been carried out.

3. Results and discussion

The mechanical behaviour of PEHD 80 when sub-
jected to static pulling-out stresses is presented by means
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of load-displacements curve in Fig. 3. At constant rate of
loading; the elastic modulus was calculated for the defor-
mation range within of 0.05 to 0.25 %, according to the
ISO 527-1: 1993 (F) norms. The experimental values of
mechanical properties are presented in Table 2.

Table 2
Mechanical properties of the PEHD 80
E, 4 LSe, 4L Fmax»
N/mmZ FSe: N mm FMaxa N mm
163 585 11.8 750.07 317.02

Figs. 4 and 5 show the mechanical behaviour of
PEHD 80 under cyclic pulling-out corresponding to two
levels of loading: 50% and 70% of 4 Lg,. These figures
illustrate the fact that high density polyethylene exhibits an
elastic behaviour as of the most polymers during cyclic
loading. A large hysterics loop is observed for the first
cycle, then, it reduces according to the increase of the
number of cycles. The present observations were found to
be in close agreements to many results reported in the lit-
erature, e.g. [6].

Fig. 6 illustrates the progression of loading
against the number of cycles. This figure shows a typical
cyclic softening of the material from the early stage of
loading, which reduces progressively for the following
cycles. Beyond 1000 cycles an apparent stability of the
material is observed, this, was valid for both levels of load-
ing.

In Fig. 7 the elastic modulus is plotted against the
number of cycles. From this figure it could be argued that
the linear Young modulus increases three times from the
first cycle. This could be attributed to the alignment of
lamelas and to the morphological evolution of material [6].
This phenomenon could also be explained by the widening
of the “covalent” links proportions, parallel to the direction
of stresses, which causes increases of the -elasticity
modulus [7].
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Fig. 6 Cyclic loadings against the number of cycles, (for level of loading 50% and 70% 4 Ls.)
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Observations using the optical microscope of the
PEHD 80 for noncycled and cycled structures, illustrated
in Figs. 8 and 9, for different level of loadings, show clear
orientation of lamellas towards the direction of loadings.
The increasing level of alignment is more pronounced for
the samples of the material cycled 100 times. The increase
of the level of loading leads to an increase of the lamellas
alignment, mainly for the level 70% (Fig. 9, b). Figs. 8,d
and 9, d show that at 1000 cycles, the structure follows a
lamellas pack rearrangement with lower density and better
orientation, compared to the noncycled structure.
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Fig. 8 Structures of the PEHD 80: (a) noncycled, (b) 1 cycle, (¢) 100 cycles and (d) 1000 cycles (for loading level of
50%A4Ls.)
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Fig. 9 Structures of the PEHD 80 (a) noncycled, (b) 1 cycle, (c) 100 cycles and (d) 1000 cycles (for loading level of
70%A4Ls,)



4. Conclusion

The present research work is a part of the com-
prehensive experimental investigation on mechanical be-
haviour of high density polyethylene PEHD 80 under cy-
clic loading.

The cycling of the PEHDS80 leads to a consider-
able increase of the elasticity modulus from the first cy-
cles. Cyclic softening of the material for the first 1000 cy-
cles was observed, followed by cyclic stability beyond this
number of cycles.

Optical microscopic observations illustrate a crys-
talline lamellas orientation parallel to the axis of applied
load, the alignment degree is a function of the level of
loading mainly for the 1000 cycles.
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CIKLINES APKROVOS POVEIKIS DIDELIO TANKIO
POLIETILENO MECHANINEMS SAVYBEMS IR
MORFOLOGIJAI

Reziumé

Didelio  tankio  polietileniniai ~ vamzdziai
(PEHD 80) iki Siol placiai naudojami gamtinéms dujoms
transportuoti ir paskirstyti. Eksploatacijos metu juos veikia
vidinis bei atmosferos slégiai, grunto poslinkiai, jais tekan-
gio skys¢io dinaminés jégos. Sie jtempiai sukelia dideles
vamzdziy medziagos deformacijas ir keiCia jos mechanines
savybes. Siame darbe eksperimentiskai tyrinéta ciklinés
apkrovos itaka PEHD 80 markés vamzdziy funkcionavi-
mui. Bandymy metu bandiniai buvo tempiami iki suirimo.
Tempimo kreivés, apibiidinanc¢ios PEHD 80 vamzdziy
mechanines savybes, rodo, kad pirmyju bandymuy cikly
metu formuojamos didelés histerezés kilpos, kurios, didé-
jant cikly skaiciui, mazéja. Nustatyta, kad cikliné apkrova
didina medziagos linijini standuma ir ciklini sipnéjima.
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Stebint mikroskopu matyti, kad makromolekuliy grandinés
i§sidésciusios tempimo kryptimi.

L. Fatmi, A. Rouili, N. Hamlaoui

CYCLIC LOADING EFFECT ON THE MECHANICAL
BEHAVIOUR AND MORPHOLOGY OF THE HIGH
DENSITY POLYETHYLENE

Summary

High density polyethylene pipes (PEHD 80) are
still widely used in the distribution and transportation of
natural gas. While in use, these materials are exposed to
internal pressures, to earth pressures, to soil movements
and to the dynamic effect of the liquid displacements.
These stresses induce inevitably, considerable deforma-
tions of the tube’s material and affect its mechanical prop-
erties. In the present work, the effect of cyclic loading on
the behaviour of PEHD 80 tubes is experimentally investi-
gated. Samples are tested to cyclic loadings followed by
the pulling (tension) until failure of the material. The
curves expressing the mechanical behaviour obtained indi-
cate clearly that the PEHD 80 exhibits large hysteretic
loops for the first loading cycles, and then the loops de-
crease according to the increase of the cycle number. It
was concluded that cyclic loading causes a considerable
increase in the linear stiffness and the cyclic softening of
the material. At microscopic levels, the observations have
showed parallel orientation of the macromolecular chains
to the tension axis.

L. ®amwmu, A. Poynnu, H. N'amioyn

BJIMAHUE I_[I/IKHI/IUIECISOI\/'I HATPY3KIN HA
MEXAHUYECKHE CBOMCTBA I MAP®OJIOI'MIO
I[MTOJINDTUJIEHA BOJIBIIOU ITNIOTHOCTU

PezowMme

[MonusTrnenossie Tpyost (PEHD 80) nszrorosnen-
HBIE M3 TOJIM3THIICHAa OONBIION MIOTHOCTH, O CHX HOP
IIMPOKO HCIIONB3YIOTCSI B ra3ompoBojgax. Bo Bpems 3kc-
IUTyaTalluyl OHM TIOJIBEPraloOTCs BO3ACHCTBUSAM BHYTPEH-
HEro ¥ aTMOC(EpHOTrO JABJICHUH, CIBHIAM T'PyHTa, AUHA-
MHUYECKAM CHJIaM IPOTEKAIOIIEH XUIKOCTH. Bo3HuKIINe
HaNpsDKEHUS TIPH 3TOM BBI3BIBAIOT OoubInue Aedopmanun
MaTepuajia TPyObl, KOTOpblE MEHSIOT €€ MeXaHH4ecKue
cBoiicTBa. B paboTe sKCIepUMEHTANIBHO HUCCICIYETCs BIIH-
SIHUE IIMKJIMYECKOW Harpy3ku Ha (QYHKIIHOHAIBHOCTH TPYO
rasomnpoBoja mapku PEHD 80. Bo Bpemst skcriepuMeHTOB
o0pasipl HarpyKajuuch 10 paspylieHus. Jmarpamsl nae-
(hopMHpoOBaHHUs, XapaKTEpPHU3YIOIIHEe MEXaHWYECKHE CBOM-
crBa TpyO Mapkun REHD 80, mokaspiBaroT, 4To BO Bpems
MIEPBBIX IMKIOB (hopMHpYIOTCS OOJBIIME METIH THUCTEpe-
31ca, KOTOPBIE MPU YBEIMUYCHUH YHCIIA IIUKIOB YMEHBIIA-
I0TCSL. Y CTaHOBJICHO, YTO IUKINYECKast Harpy3Ka yBeInIH-
BACT JIMHEWHYIO JKECTKOCTh M IMKIMYECKOE pa3ylpOodHe-
HHe oOpasna. Ha ypoBHE MHUKPOCKOIMYECKUX HCCIIE0Ba-
HHUH LENHM MaKpOMOJIEKYJ PaclpeAeiaioTCs 110 Harpasiie-
HHIO PACTSIKECHUSL.
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