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I. Itroduction :

Hostalen GUR is a high-density polyethelene which is much
clense1, stiffer and more rigid than the soft polyethylenes and is
suitable for application in plastic's industIy. Here the stIength
roperties of Hostalen GTR will be determined using the method

suggested in I for determination of the elastic limit. 'The obtained
1esults will be compaiIed with that obtained by the method used in
1eferences IL. and III. In reference F the stress-strain curves are
obtained from creep cuIves and therefore the stR'ength characteristics
of plastic may be obtaine fo1 any duation (say1;5;10; ... minutes)
of load npplication. 'The stIess-stIain cuves whiel are so obtained
ae called stIess-st¥ain-cY'eep CuIves.

II. Stiess-stoin-creep cwres for Hostulen GUR

'The stress-stIain creep cuIves will be constructed in the coordina­
tes of true stress-true ( or logarithmic) strain which are more
meaningful and adequate specialy in case o4 laIge strai. TherefoIe
the c1eep cuIves must be obtained At constant true ،st1'ess. The load
applied to poduce certain stress must be varied in proportion with
the variation of the croos-sectional area of the tested specimen which
wndergoes large strain (more than 5%).

The modified 5 ton cneep testing machie in Assiut Faculty of
Lngineering laboratoYy ( see IV) is used to get the creep curves in
case of constant true stress. The elongation is mesured by dial type
extensometer ( see Fig. 4 in I) which gives readings with accuraey
up to 0,005 mm.

The creep test of Hostalen GUR at 0,5; 0,76; 1.0; 1, 25; 1,5;
1, 75; 1, 85 Kp/mm2 wvas carried out, the results of this cieep test
ae represented on the stain time plane ( ig. 1 ), the strain axis
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contains two scales to suit the diferent strain 1anges. The tested
Hostalen blocks are oRdered fIom the Igyptian company of plastics
and electricity in Alexandria., 'The specnmens are produced fIom
these blocks by turning and polishing. 'The specimen is 0f 10 mm.
diameter and 60 mm. long, the guge length is 40 mm. The ends of
the specimen ae threaded according to M 16 to be fixed in the clam­
ping 1ods of the machine ( through a joint M 16/M20). The stress
acting on he specimen has a constant tue Value.

After enough stnain the load is removed gladually by the same
velocity by which it is applied, the strain begins to decIease by
different velocities in dependence of the value and durtion of the
tress ٥; . After complete removal of load tke strain contiues to
decrease with time. The process of strain reduction with time due
to removal of load is cAlled recovery prOcess.

G'eep and Recovery of Hostale CUR :

The stress strain creep cuves wil be constructed fo Hostalen
GUR at :1;5; 10;20;30; 45;60;90 ; 120 minutes after load
application. For this pupose at the 1eguired instant ( say at 20
mins) we draw on the stain-time plane a hine paNalled to the stain
axis ( see Fig. 1) 'This hine will intersect the creep cunves, at each
inteIsection we can find the stress and the strain induced in the spe­
cimen after he considered period ( 20 mins ). 'The 1elation between
stress and strain induced in Hlostalen CUR after certain period may
be then detemmined.

The true stain is ج calculated fiom the ordinary one eby the
Ielation :

In ب٤) (l=ء 
The tIue stress-stain relations at different duYations ane 1ep­

Iesented graphically in Kig. 2).

III. Stuy of tle Stes-Strain Creep C'oes 0f Hostalen GUR :

To compair the suggested in I stress-strain creep curves which
are obtained here fone Hostalen GUR and are shown in Fig. 2 with
the 1ecommended in II and III stress-strain curves obtained from an
ordinay tension test, the last test was carried out on a, Hostalen GUR
specimen 10 mm. diameter and 55 mm. length, 'This ordinary tension
test wAs carried out on the 500 Kp. tensile testing machine in Assiut
Laboratory with a staining velocity equal to 20 mm. pe1' minute.
The load is meAsured by a pendulum mechanism, the least suitable
weight of the pendulum was used.
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The true stress is ه calculated from the o1dinaIy one a by the
fo1mula :

٢=٢٥٠; (l- ( إ٤
where the value of Poisson's 1atio is taken ftom the Iesults 0f the
test caried out for its detemination for Hostalen GUR. The true
vAlues of Poisson's Iztio are ن :و=-.٤ calculated.

It was tound that Poisson's 1atio depends ب very shightly on the
strzin and a mean value of for Hostalen GUR may be taken enual
to = 0,47. Even to 0,5 Kp/mm>. A residual stain is. noticed
after load removal by a long enough period ( about 7,5 hIs. ), there­
foe the proportional limit 1,8 is devoid of physical meanig. Complete
1ecoveyy of the origimal dimensions occus after load 1emoval by 30
minutes if Hostalen GUR is stressed only to a st'ess = 0,25
Kp/mm2.

Let us now discuss the stYess-strain cReep cuIves ( continuous
curves in Fig. (2) ) obtained for Hostalen GUR in comparison with
the 8tress-stl'ain curves obtained fionn an odinary tension test ( dasl­
dotted curves).

If the Himit of poportionality is determined fiom dashed curve
it wil] be appIoximately 1,8 Kp/mm. 'The stn'ess-strain creep cuIves
show no linear poportionality between stress and strai fo1 all dura­
tions of load application. 'The poportional limit must detelmine to
whAt extent the polymeR behaves linezIly and to what extent its
defoImation is elastic. As it is clear from cleep and recoveI'y cuYves
(Fig. 8) if a Hostalen GUR specimen is stlessed even to 0,6 Kp/mm%,
a residual strain is noticed aftex load removal by a long enough period
(labout T,5 hours).

A proportional limit with the explained above meaning (i.e. at
which the load removal wilI cause absence of stnain almost diectly) if
determined fror the true stress-true stIain cuRves wil be less than
0,25 Kp/mm? (approximately 0,20) which is justified by the 1esults.

Hostalen GUR in comparison with PVC ( see. I) is 10 times
weaker (in 1egard to the proportional limit), theIefone it is not 1e­
commended to use Hostalen GUR in pIoduction of machine parts which
a1e designed on strength or 1igidity criterions.

17. Linea Swperp'0sition Priaciple :

Some relations between stress and strain for viscoelastie bodies
are based on the principle of linear superposition (see l), therefore it
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is imnpoRtant to checkr whether the material fulfils this principle. Fo
this pinciple a test with stepped stess proglam was carried out on a
Hostalen GUR specimen of 10 mm diameter, 55 mm length and 40 mm
gauge length ; the steps of stess are 0,5; 0,75 and 1,0 Kp/mm2.

The results of test are given whene , ع (t) is the strain calculated
:,ccording to the libeaI superposition pinciple by the foImulaة 

٤ و(t)- ةu +)ا(وو ة٥ وي(t ا-٦+) ود.€(t- )يا
wheIe €o, (t) ج and (t) و«,' are the stIains at any time t due to
a stRess 0,5 (the strains obtained in this test will be extIapolated
guided by the test and curve ٠٥ 0,6 Fig. (1) and 0,25 Kp/mm2.
respectively, t, is the time at which the stress is increased from 0,5
t٥ 0,75 Kp/mmA and t is the time at which the stress is increased fom
0,76 to 1,0 Kp/mm%; ٤ % is the true stRain as found from test.
It was found that there is a lage difference between the true stnain
7alues as found fom test and strain values calculated on the bases f
libear superposition principle.

ABSTRACT :

The suggested in I stress-strain-creep curves for determination
of the stengtb properties 0f plastic are constructed for Hostalen CUR.
It was noticed that stress-strain-creep cuves diffew shaply from
str'ess-train cuves which ane obtained fIom ordinany tension test as
suggested in II and III.

It was found that the poportional limit determined by the method
given in II and III is devoid of physical meaning since if a specimen of
this Hostalen is stessed to this iimit ( = 1,8 Kp/mm? ) it will not
2ecoveI its original dimensions after load removal.

The stIess-strain-creep cuves show no linear ploportionality
between stress and stIain expect for smal streEs values ( less than
0,2 Kp/mm ). 'To cheek whethe1 a Hostalen GUR specimen recovers
its original dimensions if stressed to walues higher than the limitب ·
obtained above (0,2 Kp/mm?), a creep and recove1"y test was carried
out at stress ع Kp/mm ه=0,25 and complete Iecovery is noticed
only after 30 minutes which verifies that the proportional limit is
still smaller as noticed from the stress-strain-creep cuIves.

As seen from item IV HostAlen GUR does not fulfil the linea
superprosition principle.
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1LSUAME

The suggested in I stress-stRain cIeep cuLves foI determination
of the strength propeities of plastecs are constructed 16i Hostalen
GUR, I was found that the obtained stress-strain-creep cuYves
differ shzrply fiom stiess-strain cuves whicl ae obtAined from
ordinary tension test as suggested in II and III. It was found also
that Hostalen GUR does not fuifil the hinea superposition principle.
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