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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-governm

ental, in liaison with 1SQ_ also take part in the work 1SO collaborates closely wit
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting. ‘Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P
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rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 138, Plastics ‘pipes, fittings and valves fq
luids, Subcommittee SC 5, General properties of pipes, fittings and valves of plastics mat
essories — Test methods and basic specifications.
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Introduction

Studies have been undertaken at the international level to determine a method of measuring the
characteristics of unplasticized poly(vinyl chloride) (PVC-U) which influence the ability of the pipe to withstand
brittle failure emanating from minor flaws in the pipe matrix.

Thes

ristics of the

mate

The

o studies have demonstrated that a test which measures fracture fnughnpee characte
rial fulfils these requirements.

method involves immersing a prepared test piece in dichloromethane to identify the point around the

circumference of the pipe where the gelation is at a minimum level. The fracture toughness of the pipe is likely

to be

at its minimum value at this section.

The fracture toughness of the pipe is then obtained by subjecting a pre-notched, C-ring test piecg to a flexural

stres
be at

5 across a notch, which has been introduced at the point where the fraeture toughness val
its lowest value (as determined by the dichloromethane immersion test).

It is iltended that individual product standards will specify the requirement for the fracture toughn

NOTE

Dichloromethane is now the accepted term for what was cemamonly referred to as methylene chl

e is likely to

bss test.

bride.
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INTERNATIONAL STANDARD

ISO 11673:2005(E)

Unplasticized poly(vinyl chloride) (PVC-U) pressure pipes —
Determination of the fracture toughness properties

1

cope

This [International Standard specifies a method for determining the minimum fracture ftoughmess, after a

specified loading time, of unplasticized poly(vinyl chloride) (PVC-U) pressure pipes. It also 'makes
measguring alternative levels of fracture toughness.

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO ¢
unpla
chlor

ISO 4
temp

3

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

3.1
pipe
e
valug
to thd

3.2
pipe

Terms and definitions

ormative references

nces, only the edition cited applies. For undated referenCes; the latest edition of th
ment (including any amendments) applies.

259-2, Thermoplastics pipes — Determination of _tensile properties — Part2: Pip;
sticized poly(vinyl chloride) (PVC-U), chlorinated pely{vinyl chloride) (PVC-C) and high-imp
de) (PVC-HI)

0852, Unplasticized poly(vinyl chloride) (PMC-U) pipes — Dichloromethane resistance
rature (DCMT) — Test method

wall thickness

of the measurement of the wall thickness at any point around the circumference of the pipg
nearest 0,05-mm, expressed in millimetres

wall.thickness at the reference point

provision for

t. For dated
b referenced

bs made of
act poly(vinyl

at specified

, rounded up

Cref

value of the measurement of the wall thickness at the reference point on the pipe circumference where the
notch is cut

3.3
C-rin

g

ring, as test piece, cut from the test specimen such that the cut surfaces are perpendicular to the longitudinal
axis of the pipe

© IS0
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3.4
yield stress
o

tensile stress at yield, expressed in megapascals)

3.5

stress intensity factor

K

product of the yield stress, o, perpendicular to the crack, a geometrical correction factor, y, and the square
root of the notch depth, a

NOTE 1
NOTE2 Th

3.6

S¢eANMEXA.

e term factor is used because it is common usage, even though the value has dimensions.

critical stregs intensity factor

K¢
value of the s

3.7
plain strain
Kic
value of the
loading cond

NOTE If
Ko =Kic- Kicl

3.8
reference lir
line drawn al

NOTE TH

tress intensity factor at the critical condition of crack propagation where K5 K

fracture toughness

stress intensity factor when the crack under load actually starts to enlarge under a plane-
tion around the crack tip

the specimen dimensions satisfy the validity criteria” for plane-strain fracture toughness,
5 @ material property.
e

bng the axis of the pipe sample to mark the point at which the notch is to be cut

is will be either the point of greatest attack following the dichloromethane test or, if attack is even all th

round, the point of the thinnest wall section.

strain

then

e way

Yhere

4 Symbgls
a crack length (notchdepth) in millimetres;
dm moment arm;
e pipe wall'thickness in millimetres;
€ref measured wall thickness, in millimetres, at the reference point on the pipe circumference V
thenotchis—cut;
Fgq wall thickness factor;
F, ring geometric factor;
m test mass;
me C-ring mass;
1 1 MPa=1N/mm2,
2 © ISO 2005 — All rights reserved
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my support clamp mass;
O fracture stress;
Opc plastic collapse stress under plane stress conditions;
oy uniaxial yield stress.
5 Principle
On the basis of the prior response of a test piece to immersion in dichloromethane, a C-ring s¢
pipe |s notched on its internal face at the region of maximum attack by dichloromethane. Thé not
is thgn subjected to a sustained flexural stress for a specified test period.
6 Preliminary test for response to immersion in dichloromethane
6.1 | Reagents
6.1.1] Dichloromethane, analytical grade

WARNING — The boiling temperature of dichloromethane is\dow (40 °C) and consequently
vapour pressure at ambient temperature. Furthermore, it can be toxic to skin and eyes. It
necessary to take precautions when handling dichloromethane or test pieces, which
immersed in it. The vapours are also toxic; the threshold limit value (TLV) comparable to th
admissible concentration (MAC) being 100 mi/m3 (ppm). Ventilation of the room or the al

the

ntainer is placed and where the test pieces-are dried is, therefore, essential.

The gonsistency of colour and purity of the dichloromethane should be checked regularly, for
meaguring the refractive index. Whenever the refractive index differs by + 0,002 from the origir

dichl
acce

NOTH

trichlg
attain

6.2

6.2.1
pene
at an

6.2.2

romethane should be changed. Any-alternative checking procedure which gives the sa
btable.

Dichloromethane, technicahgrade, contains small quantities (1 % maximum each) of chlorometh
rmethane (CHCI,) and tetrachloromethane (CCl,). It has been noted that even if the level of these imy
5 % in total, the results woeuld not be significantly different.

Apparatus

Cutting .equipment, capable of cutting an external chamfer on the test piece such that
rates at least 90 % of the wall thickness of the test piece with a minimum length of 10 mm
angle inclined to the longitudinal pipe axis.

bction from a
ched sample

y has a high
is therefore
have been
€ maximum
ea in which

example by
al value, the
me result is

ane (CHCI), of
urities were to

the chamfer
vhen it is cut

Covered tank, resistant to dichloromethane, e.g. of glass, stainless steel.

6.2.3

6.3

6.3.1

Thermostatic control equipment, capable of maintaining the temperature of the dichloromethane at
either (15 +2) °C or (20 + 2) °C.

Test specimen

The test specimen for both the dichloromethane test and fracture toughness test shall

length not less than 200 mm.

be a pipe of

6.3.2 A reference line shall be drawn along the complete length of the test specimen, and marked with
arrowheads to indicate the extrusion direction in such a way that the pipe is not scored. An arrowhead in the
same direction shall be marked on the C-ring test piece (see 6.3.3 and 6.3.4).

© IS0
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6.3.3  Aring of width (30 £ 3) mm shall be cut from the test specimen in such a manner that the cut surfaces
are perpendicular to the longitudinal axis of the pipe. This C-ring is retained for the fracture toughness test in
accordance with Clause 7.

6.3.4 The remainder of the test specimen is used for testing for the effect of dichloromethane. This shall be
carried out in accordance with ISO 9852.

Where the tank is not big enough to take a large diameter pipe, it is permissible to cut the test piece
longitudinally into sections, provided that the resultant sections can be related to the reference line.

6.4 Procedure

6.4.1 Plac
submerged 4

b the chamfered end(s) of the test piece in dichloromethane such that the chamfer is comp

letely
t (15 + 2) °C for a period of (30 + 1) min or submerged at (20 + 2) °C for a period of (15 1) mi

min.

6.4.2 Rem
evaporated f

ove the test piece to a well-ventilated area, e.g. a fume cupboard, until the dichloromethang has

fom its surface.

6.5 Assessment of results

6.5.1 For
the chamfere

he purpose of the dichloromethane test, the attack is classified by'the extent of the lighten
d surfaces. There are three types of attack, classified as follows:

ng of

Type 1: ho apparent lightening of the surface under consideration.

Type 2: pverall uniform lightening of the surface under considefation.

Type 3: atest

or the lig

hon-uniform lightening of the surface under copsideration. The area where the attack is gre
htening is most dense shall be identified.

NOTE Lightening of the chamfer surfaces can be difficult to discern in pale coloured or white pipe specimens. I} such

cases, the obgervation of surface roughening can servé\te’indicate the extent of attack by dichloromethane.

6.5.2 After
type of attach

carrying out an assessment as described in 6.5.1, inspect the chamfer surface and record the
in relation to the referencedine.

7 Determination of fracture toughness

7.1 Apparatus

7.1.1  Brogch or other cutting equipment, capable of cutting a notch of uniform depth, of included pngle

does

45 + 2°, such
not exceed 0

thatthe variation in wall thickness as measured from the outside surface to the notch tip
. 1-mm_. The tip of the notch shall have a radius not exceeding 0,025 mm. To ensure that this

the broach o

is so,

cutting equipment shall be sharpened every 500 cuts

7.1.2

change in the moment arm (d,,,) is not greater than 4, + 2 % (see Figure 1).

713 Timi

ng device, accurate to + 1 s over a period of 15 min.

Loading device, capable of applying the required force to the test piece such that the maximum initial

7.1.4 Rigid support clamps, an example of which is shown in Figure 2. The support clamps shall have an
inside radius equal to the outside radius of the pipe and shall be sufficiently rigid to maintain this radius under
the load imposed by the test mass (m).

NOTE
transmitted to

the notched section, and this has been accounted for in the method of calculation.

The clamps maintain the geometry of the C-ring, which ensures that a controlled bending moment is

© ISO 2005 — All rights reserved
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7.1.5 Mounting device, capable of mounting the assembly such that under load the rotation of the
specimen is prevented.

NOTE Rotation of the specimen would shorten the moment arm (d,,,) (see Figure 2). A counter balance is one
method of restricting the rotation.

7.1.6 Balance, capable of weighing to an accuracy of £ 5 g.

< +2%dn

a) Location of test mass b) Alignment of notch

Key
1 centre line of support

Figure 1 — Tolerance on location of test mass and notch after test mass applie

1=

© 1SO 2005 - All rights reserved 5
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Dimensions in millimetres

dn
Key
1 hanger 4 notch (25 % e ), See detail Xifn'Figure 3
2 test mass|(m) 5 test piece
3 support clemp

Figure 2 — Typical arrangement.of test specimen and equipment

7.2 Prepdration of test piece

7.21 Takgq for the test piece the 30 # 3-mm pipe ring (C-ring) prepared in accordance with 6.3.3.
7.2.2 Measure and record the gxternal diameter of the test piece rounded to the nearest 0,05 mm.
7.2.3 For fest pieces having type 1 and type 2 attack of the chamfered surface, as assessed ip the

dichlorometh
the width of

ane test (se€\6:5.1), measure and record the wall thickness rounded to the nearest 0,05 mn
he test pieeg rounded to the nearest 0,1 mm at the reference line.

For test piec

to the nearg

correspondi

ps having type 3 attack of the chamfered surface, measure and record the wall thickness rou

h and

nded
area

st 0;05 mm and the width of the test piece rounded to the nearest 0,1 mm at the

7.2.4 Cut a notch in the bore of the test piece at the point at which the wall thickness was measured, so that
the notch traverses the complete width of the test piece to a depth of 25 % + 0,1 mm of the wall thickness at
that point (see Figure 3).

7.2.5 Cutouta (20 £ 2) mm section from the ring diametrically opposite the notch (see Figure 3).

7.2.6

the ring as shown in Figure 2.

Ensure that the clamps are fixed symmetrically within (10 £ 2) mm of the notch tip and the cut ends of

© ISO 2005 — All rights reserved
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Dimensions in millimetres

X (L)

20 £2

Key

N
(7]

bction cut from pipe ring sample
btch (25 % eref )
3 freeends

N
>

Figure 3 — C-ring test specimen

7.3 | Conditioning

Condition the test piece, including the clamps at (23 + 2) °C far.an appropriate period conforming to the time
giverlin Table 1.

Table 1 — Conditioning time

Pipe wall thickness Minimum conditioning time
e
mpm min
e<87 30
8,7'<e<13,8 60
e>13,8 120

7.4 | Procedure
7.41] Weigh the C-ring (m;) and lower support clamp (m ) to the nearest 5 g.

7.4.2| ~Calculate the test mass according to 7.4.4.

7.4.3 Whilst maintaining the temperature at (23 £ 2) °C, support the test piece on the cut-out section
opposite the notch and apply the test mass to the test piece. Ensure the specimen is aligned equally about the
centre line of the notch. At least, ensure that the spacing of the upper and lower arms about the centreline of
the notch is equal in respect to one another to within 3 mm. A typical test arrangement is shown in Figure 2.
Maintain the force for a period of at least 15 min or until the piece fails across the notch, whichever is the
shorter.

© 1SO 2005 - All rights reserved 7
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7.4.4 Calculation of test masses

Calculate the applicable test mass as follows.

a)

Select either

1) the 15 min yield strength obtained from regression data, or
2) the 15 min yield strength measured in accordance with Annex C.
Select a default value of 4,5 MPa-m'/2 for the fracture toughness or calculate the appropriate fracture
toughne S (AIC) commensturate-withrthe yicid stressofthe-materiat; uaillg Equatiun (1 )
X 2
{—'C] =0,0081
Ty

i.e. KlC = 0,09 X Uy

Calculatp the value of the pipe wall thickness factor (F,) using Equation (2):
2 242
_ -n°K
Fe = —f X OpcX COS 1 exp Tf—zlcz
29,43n 0,008y “opca
where o}, is the plastic collapse stress under plane stress conditions calculated using Equation (3):
2
a
O'pC=1,891><0'y><[1— J
Cref

where
a is the crack length (notch depth) inimillimetres;
eof IS the pipe wall thickness, in millimetres, at the point where the notch is cut;
y is 1914 for ale,o = 0,25.
NOTE  |op = 1,064 x GJH0f aleges = 0,25
Calculatp the valueof the ring geometry factor (F,) using Equation (4):

Fr | W (enn Annex A)

dm

where

w is the width of the C-ring;

dy, = (D —e) and D is the external diameter of the pipe, in millimetres.

Calculate F, using Equation (5):

© ISO 2005 — All rights reserved
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f)  Calculate the test mass (m) using Equation (6):

m=(F, xFg)—Fg

NOTE 1 A detailed explanation of the calculation of the factors F'g and F is given in Annex A.

ISO 11673:2005(E)

(6)

NOTE 2  Calculation of the test mass can be done by taking into account the values of the pipe diameter, C-ring

width, notch depth and wall thickness. A simple computer spreadsheet can be useful for this.

8 Expression of results

At thl conclusion of the test: record a pass if the test piece is intact at the end of the 15 min;.reco

test time is not achieved.

9 Testreport

The test report shall include the following information:

a) rneference to this International Standard, i.e. ISO 11673;
b) identification of the pipe:

4+ nominal size,

+ nominal wall thickness (e) or pipe series (S);

c) date of test;

d) VYalue of fracture toughness required;

e) nesults of test as summarized in Clause 8.

rd a fail if the

© 1SO 2005 - All rights reserved
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predicted in
applied stres|

K =0x

where
y isth
a isth

The applied
is then called

K.=0

Where the d
conditions pr

K¢ is the plg

However, wh

for valid plafe strain conditions. In particular, the relatively low wall thicknesses of pipes generally d

satisfy the de
on the sectig
is necessary
derive a vali
using a solut

2005(E)

Annex A
(normative)

Mathematical calculations

For notch-sensitive materials, including unplasticized poly(vinyl chloride) (PVC-U), failure may be
he presence of a sharp notch using a fracture mechanics model. The relationship between the

5 (o) and the stress intensity factor (K) is defined by Equation A.1.

< Va

e geometrical correction factor;
e notch depth.

stress at failure is defined as the critical applied stress (o;).and the resultant stress intensity
the critical stress intensity factor (K).

|« yxia

mensions of the test piece are large by comparison with those of the notch, so that plane
evail, K, = K.

ne strain fracture toughness and is ancintrinsic property of the material.

en PVC-U pipes are tested as_C-rings, the dimensions of the test piece do not satisfy the c
pth validity criterion. Withdoew depth values and high toughness levels, it is possible for the s
n of material ahead of the-notch to approach the collapse stress of the material. In such cas

to modify the simple.linear elastic equation [Equation (2)] used to calculate the stress need

on to the Bilby, €attrell, Swindon model to predict the critical stress as shown in Equation A,

(A1)

actor

(A.2)

strain

iteria
D not
tress
es, it
ed to

d toughness value™Compensation for this deficiency in the sample dimensions is provid¢d by

B.

242
o _2 P e cos exp| - % (A.3)
T 8y“opca
where
Opc is plastic collapse stress under plane stress conditions;
Kic is plane strain fracture toughness;
a is crack length (notch depth), in millimetres;
y is 1,914 for a/e = 0,25.
Y

opc =1891 oy |1—-— A4

pc y ( ej (A.4)

10
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and

2 3 4
y:JEX[1,12—1,39[%J+7,32[%] —13,1[%} +14,o[%j ] (A5)

NOTE When a/e= 0,25, then y is 1,914.

The stress due to bending in a rectangular beam is defined according to Equation (A.6).

= ; % - (A.6)
wherge
M is the bending moment;
4, is the thickness of the beam;
w is the width of the C-ring.
It car] be shown [l that:
F, = 3gin Opc cos " exp _{81;%} (A7)
pc
wherg g, is the gravitational constant,
then
ny =F, x F, (A.8)
Howgver, the mass of the C-ring(itself and the lower clamps supporting the ring contribute to the moment arm.
Thergfore, the mass m to be applied is determined by subtracting this contribution from m;.
n:mt—(%+%j:mt—Fc (A9)
n:(FexFr)—FC (A.10)
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