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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
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. ISO collaborates closely with the
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INTERNATIONAL STANDARD ISO 3213:2009(E)

Polypropylene (PP) pipes — Effect of time and temperature on
the expected strength

1 Ycope

This International Standard specifies the minimum values for expected strength as afunctiop of time and
tempgrature in the form of reference lines, for use in calculations on pipes made of:

— pplypropylene homopolymer (PP-H);
— pplypropylene block copolymer?!) (PP-B);
— pplypropylene random copolymer (PP-R);

— pplypropylene random copolymer?) with a modified crystallinity(PP-RCT).

2 Normative references
The fpllowing referenced documents are indispensable for the application of this documept. For dated
references, only the edition cited applies. For. undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 1[167-1, Thermoplastics pipes, fittings~and assemblies for the conveyance of fluids — Defermination of
the repistance to internal pressure — Rart™1: General method

ISO 1[167-2, Thermoplastics pip€s,)fittings and assemblies for the conveyance of fluids — Defermination of
the registance to internal pressuré — Part 2: Preparation of pipe test pieces

3 Tlerms and definitions

For the purposes, of this document, the following terms and definitions apply.

ar polymer

NOTE 1 Reference lines are not to be considered as characteristic of a specific grade or of material from a specific
supplier.

NOTE 2 The lines are described by a mathematical equation, which permits interpolation and extrapolation in an
unambiguous way at various temperatures.

NOTE 3  The reference lines for PP-H, PP-B, PP-R and PP-RCT have been agreed upon by a group of experts after
consideration of experimental data, and are accepted by the relevant technical committees in ISO.

1) This is also called heterophasic copolymer.

2) This material can be distinguished by DSC testing or other appropriate method to indicate a second melting peak.

© 1SO 2009 - All rights reserved 1
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4 Basic equations

The reference lines for temperatures between 20 °C and 95 °C are described using Equations (1) and (2):

B C
Ig t=A4y+-11g c+— +Dylg o
g 17 9 T 119

Ig t=A2+% + D,

where

g o

(1)

)

t is thJa time, in hours;

T is the¢ temperature, in kelvin;
o is the hoop stress, in megapascal.
For PP-H
A4 =-46,364 Ay =-18,387
B;=-9601,1
C,=20[381,5 C,=8918,5
D, =15[24 Dy =—-4,1
For PP-B
A4 =-56,086 Ay =-13,699
By=-10157,8
Cy=23971,7 C,=6970,3
D4 =13]32 D, =-3,82
For PP-R
Aq=-5%,725 Ay =-19,98
By =-9484,1
C1=255022 C, =9 507
D4 =6,39 Dy =—-4,11
For PP-RCT
A4 =-119,546

B, =-23738,797
C,="52176,696

Dy = 31,279
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The 110 °C values are determined separately using water inside and air outside the test specimen and are not
derived from Equations (1) and (2).

NOTE The 110 °C line is added to Figures 1, 2, 3 and 4 for information purposes.

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 11p°C and an Arrhenius equation for the femperature dependence with an actwahin energy of
110 ky/mole (= 26 kcal/mole). This yields the values given in Table 1 for the extrapolation factor, X, (i.e. the
expected lifetime at a given temperature divided by the lifetime at 110 °C).

Table 1 — Extrapolation limits

T K,
°C

100 > 7> 95 2,5
95> T'>90 4
90 > T>85 6
85> T'> 80 12
80> T>75 18
75> T'>70 30

T <70 50

With g life of one year at 110 °C, these values are therefore the number of years the pipes would be expected
to lasf at each of the temperatures-given.

For temperatures up to and including 50 °C, an extrapolation factor, K, of 100 is acceptable.

5.2 |Graphical representation

Figurgs 1, 2, 3 and4 give the reference lines corresponding to the values of the parameters given in Clause 4,
to be pised for'demonstrating conformance to this specification, as described in Annex A.

The broKen lines represent the extrapolation of the reference lines, applicable when longer failure times are
obtained-at 110 °C, extrapolation being permitted up to the limits given by the extrapolation factors in Table 1.

5.3 Tabulated values

The calculated hoop strength values used for various temperatures and times are given in Tables 2, 3, 4
and 5 and include no design factors.

NOTE The times at 80 °C, 90 °C and 95 °C not in parentheses in the “time” column in Tables 2, 3, 4 and 5 are based

on a lifetime of one year at 110 °C. Proof of a longer lifetime at 110 °C allows a corresponding extension of the times at
lower temperatures. Such values are given in parentheses in Tables 2, 3, 4 and 5.

© 1SO 2009 - All rights reserved 3
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Table 2 — Expected hoop strength values for various values of time
and temperature for PP homopolymer (PP-H)

Temperature Time Expected strength
°C years MPa
20 1 12,5

5 11,4

10 11,0

25 10,4

50 10,0

100 9,6

30 1 10,7
5 9,7

10 9,3

25 8,8

50 8,4

100 8,1

40 1 9,1
5 82

10 7,8

25 7,4

50 7,0

100 6,7

50 1 7,6
5 6,8

10 6,5

25 6,1

50 5,8

100 5,5

60 1 6,3
5 5,6

10 5,3

25 5,0

50 4,7

70 1 5,1
5 4,5

10 4,3

25 3,5

50 3,0

80 1 4.1
5 3,5

10 29

18 25
(25) (2,3)

90 1 3,3
i 2,9

6 2,2
(10) (2,0)
(15) (1.8)

95 1 29
4 21
(6) (1.8)
(10) (1.6)
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Figure 1 — Expected strength of PP-H pipes
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Table 3 — Expected hoop strength values for various values of time
and temperature for PP block copolymer (PP-B)

Temperature Time Expected strength
°C years MPa
20 1 10,4

5 9,7

10 9,4

25 9,0

50 8,7

100 8,4

30 1 8,8
5 8,1

10 7,8

25 7,5

50 7,2

100 7,0

40 1 7,8
5 6,7

10 6,5

25 6,2

50 5,8

100 4,8

50 1 6,0
5 55

10 53

25 4,6

50 3,8

100 3,2

60 1 4,9
5 4,5

10 3,9

25 3.1

50 2,6

70 1 4,0
5 3,3

10 2,7

25 21

50 1,8

80 1 3,2
5 23

10 1,9

18 1,6
(25) (1,5)

90 1 2,5
4 1,7

6 1,6
(10 (1,4)
(15) (1,2)

95 1 21
4 1,5
(6) (1,3)
(10) (1.2)
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Figure 2 — Expected strength of PP-B pipes
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Table 4 — Expected hoop strength values for various values of time
and temperature for PP random copolymer (PP-R)

Temperature Time Expected strength
°C years MPa
20 1 11,3

5 10,6

10 10,3

25 10,0

50 9,7

100 9,4

30 1 9,6
5 9,0

10 8,7

25 8,4

50 8,2

100 8,0

40 1 8,1
5 76

10 74

25 71

50 6,9

100 6,7

50 1 6,9
5 6,4

10 6,2

25 6,0

50 5,8

100 5,6

60 1 5,8
5 5,4

10 5,2

25 5,0

50 4.8

70 1 4.9
5 4,5

10 4,4

25 3,8

50 3,2

80 1 4,1
5 3,6

10 3,0

18 2,6

(25) (2,4)

90 1 3,4
i 2,9

6 2,3

(10) (2,0)

(15) (1.8)

95 1 29
4 21

(6) (1.9)

(10) (1.6)
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Figure 3 — Expected strength of PP-R pipes
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Table 5 — Expected hoop strength values for various values of time
and temperature for PP random copolymer with modified crystallinity (PP-RCT)

Temperature Time Expected strength
°C years MPa
20 1 12,4

5 12,0

10 11,9

25 11,7

50 11,5

100 11,3

30 1 10,8
5 10,4

10 10,2

25 10,0

50 9,9

100 9,8

40 1 9,83
5 879

10 8,8

25 8,6

50 8,5

100 8,3

50 1 7,9
5 7,6

10 7,5

25 7,3

50 7,2

100 71

60 1 6,7
5 6,4

10 6,3

25 6,2

50 6,1

70 1 5,6
5 54

10 53

25 52

50 51

80 1 4,7
5 4,5

10 4.4

18 4,3
(25) (4.3)

90 1 3.1
7 3,7

6 3,7
(10 (3,6)
(15) (3.6)

95 1 3,5
4 3,4
(6) (3,3)
(10) (3.3)
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