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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work of 
preparing International Standards is normally carried out through IS0 
technical committees. Each member body interested in a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. IS0 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization” 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 10146 was prepared by Technical Committee 
lSO/TC 138, Plastics pipes, fittings and valves for the transport of fluids, 
Subcommittee SC 5, Genera/ properties of pipes, fittings and valves of 
p/as tic materials and their accessories - Test methods and basic 
specifications. 

Annex A forms an integral part of this International Standard. 
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INTERNATIONAL STANDARD @ IS0 IS0 10146:1997(E) 

Crosslinked polyethylene (PE-X) pipes - Effect of time and 
temperature on the expected strength 

1 Scope 

This International Standard lays down the minimum values for expected strength as a function of time and 
temperature in the form of reference lines, for use in calculations on crosslinked polyethylene (PE-X) pipes 

2 Normative reference 

The following standard contains provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the edition indicated was valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recent edition of the standard indicated below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 

IS0 I 167:1996, Thermoplastics pipes for the conveyance of fluids - Resistance to in ternal pressure - Test 
method. 

3 Definition 

For the purposes of this International Standard, the following definition applies. 

3.1 reference lines: A generic description of the minimum long-term hydrostatic strength to be expected from a 
particular polymer. 

NOTES 
1 Reference lines are not to be considered as charactenstic of a specific grade or of material from a specific supplier. 
2 The lines are described by a mathematical equation which permits Interpolation and extrapolation in an unambiguous way at 
various temperatures. 
3 The reference lines for crosslinked polyethylene (PE-X) have been agreed upon by a group of experts after considering 
experimental data, and have been accepted by the relevant technical committees in ISO. 
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4 Basic equation 

The reference lines for temperatures between 20 “C and 95 “C are described by the following equation: 

Ig t = A + (B/T) Ig o + C/T + D Ig 0 

where 

R is the time, in hours; 
T is the temperature, in kelvins; 
CT is the hoop stress, in megapascals; 
A = - 105,861 8 
B = - 18 506,15 
C = 57 895,49 
D = - 24,799 7 

The 110 “C values have been determined separately using water inside and air outside the test specimen and have 
not been derived from this equation. 

5 Expected strength 

5.1 Extrapolation limits 

The extrapolation limits (the end points of the reference lines) are based on an experimentally determined life at 
110 “C and Arrhenius equation for the temperature dependence with an activation energy of 110 kJ/mole 
(= 26 kcal/mole). This yields the values given in table 1 for the extrapolation factor Kx (i.e. the expected lifetime at a 
given temperature divided by the lifetime at 110 OC): 

Table 1 

T Kx 
"C 

s 100 z5 
s 95 4 
s 90 6 
~85 10 
~80 18 
s75 30 
s70 50 

With a life of one year at 110 OC, these values are therefore the number of years the pipes would be expected to 
last at each of the temperatures given. 

For temperatures up to and including 50 OC, an extrapolation factor Kx of 100 is acceptable. 

5.2 Graphical representation 

Figure 1 contains the reference lines corresponding to the values of the parameters given in clause 4, to be used 
for demonstrating conformance to this specification, as described in annex A. 

The broken lines ‘epresent the extra polation of the reference 
obtai ned at 10 “C extrapolation being permitte d up to the limits 

lines 
given 

, a pplicable when longer failure times are 
bY the extra polatio n factor a in table 1. 

5.3 Tabulated values 

The calculated hoop strength values to be used for various temperatures and times are given in table 2 and include 
no safety factors or design factors. 

2 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 10146:1997
https://standards.iteh.ai/catalog/standards/sist/2349eb5e-4d30-4eef-98c4-

0f71bee6bf80/iso-10146-1997



H
oo

p 
st

re
ss

, 
M

Pa
 

0 -A
 

t 
i 

i 
i 

iiii
iii 

I 
’ 

i -
t--

t 
i 

i 
i 

i 
i 

I 
1 

I 
I 

I 
1 

1 
i 

I 
1 

i t~
-“-

~~
~-

-~
--~

~~
~,

~-
III

II 
I 

I 
I 

I 
I 

I 
I 

.L
I.L

I-1
 

i 
I 

I 
I 

I 
I I

III
I 

I 
I 

lll
IlI

lII
lll

lll
lll

l 
_-

 
II 

I 
III

 
III

 
I 

I 
II 

I’I
 

Ii1
 

-.-
A 

‘= 
1 

_-
_-

.--
- 

I 
I 

I 
1 

Ill 
I 

I 
I 

Il.
 

I.1
1,

. 
- 

I 
I 

II 
I 

II 
11

1 
I 

II 
I 

I 
f 

III
 

4.
 

I 

t--
t-t

lm
 

1 
I 

I 
III

III
I 

I 
I I 

I 
I 

I 
1 

I 
I 

I 
1 

I 
I 

I 
I 

I 
I 

III
11

II 
I 

I 

I 
lII

lII
l 

I 

iT
eh

 S
TA

N
D

A
R

D
 P

R
EV

IE
W

(s
ta

nd
ar

ds
.it

eh
.a

i)
IS

O
 1

01
46

:19
97

htt
ps

://s
tan

da
rd

s.i
teh

.ai
/ca

tal
og

/st
an

da
rd

s/s
ist

/2
34

9e
b5

e-
4d

30
-4

ee
f-9

8c
4-

0f
71

be
e6

bf
80

/is
o-

10
14

6-
19

97



IS0 10146:1997(E) @ IS0 

Table 2 - Expected hoop strength values for various values of time and temperature 

Temperature 
“C 

Time 
years 

1 
5 

10 
25 
50 

100 

40 1 
5 

I I 10 
25 
50 

100 

50 1 
5 

I E 10 
25 
50 
100 

60 1 
5 

I I 10 
25 
50 

1 
5 

10 
25 
50 

80 1 
5 

10 
18 

(25) 

90 1 
4 
6 

(101 
(15) 

95 I 
4 
(6) 

UO) 

Expected strength 
MPa 

93 
93 
9,-p 
98 
93 
94 

818 
817 
8,6 
85 
8,4 
814 

719 
7,7 
7,6 
7,6 
7,5 
714 

7 
63 
63 
6,7 
617 
66 

613 
6 ,I 
61 
6 
6 

5,6 
515 
5,4 
514 
5,3 

5 
49 
49 
4,8 
PM) 

4,5 
4,4 
4,4 
(4,4) 
(4,4) 

483 
4,2 
(42) 
(4,2) 
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At ea ch of the following tern peratures, speci mens shall be tested at variou S hoop st resses 
temp eratures given, at least three failu re tim es fall in each of the f ollowing ti me in te rvals: 

Annex A 
(normative) 

Demonstrating conformance of pipes to the reference lines 

such that, at each of the 

Temperatures: 20 OC, 60 “C to 82 OC, 95 “C 

Time intervals: 10htolOOh 
IOOhtol OOOh 
1 000 h to 8 760 h 
> 8 760 h 

In the case of tests lasting longer than 8 760 h, any time after the reference value may be considered as the failure 
time. 

Testing shall be carried out in accordance with IS0 1167. 

Conformance to the reference lines shall be demonstrated by plotting the individual experimental results on the 
graph. At least 97,5 % of them shall lie on or above the reference lines. 
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ICS 23.040.20 
Descriptors: plastics products, pipes (tubes), thermoplastic resins, 
mechanical strength, rules of ca Iculation, reference data. 

cross-IinKed materials, polyethylene, plasttc tubes, determination, 

Pnce based on 5 pages 
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