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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
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INTERNATIONAL STANDARD

ISO 13967:2009(E)

Thermoplastics fittings — Determination of ring stiffness

1 Scope

This
from

nternational Standard specifies a method of determining the ring stiffness of bends and-bre
thermoplastic material and for use with plastics pipes having a circular cross-section.

nches made

The method can be used to determine the stiffness of bends, equal branches and unegqual branches, provided

the fi

NOTH
1ISO 9
fitting

NOTH
has th

NOTH
bend
of tha

NOTH
signif

2

ting allows a diametric deflection of at least 4 %.

1 If a fitting has the same wall thickness, wall construction, material and diameter as a pipe test¢
069, then, because of its geometry, its stiffness can be equal to or greater«than that of the pipe. In
can be classified as having the same stiffness class as the pipe, without testing.

2 Any unequal branch can be expected to have at least the same stiffness as an equal branch,
e same main diameter, wall construction and material as the equakbranch.

pr branch can be expected to have at least the same stiffness as the tested bend or branch with the I
f reducer.

4  The result of the test reflects the resistancethe fitting has against deflection when installed.
cance of the test result is given in Annex A.

Terms and definitions

For the purposes of this documentithe following terms and definitions apply.

d according to
this case, the

rovided that it

3 A reducer having the same wall thickness, wall construstion and material in the transition zofe as a tested

rgest diameter

IAdvice on the

on under an
International

21

ring stiffness

S

mechanical characteristic of a fitting, which is a measure of the resistance to diametric deflect

exterhal force applied between two parallel planes, as determined in accordance with this

Standlard

NOTH 1 TFhis method uses a deflection of 3 % as the reference at which to determine this characteristic.

NOTH 2 Throughout this International Standard, the term “ring stiffness” is used. In ISO 9969 that desciibes a method

of determining the stiffness of a plastics pipe; the word “ring” is appropriate and is used to differentiate the circumferential
stiffness or ring stiffness from the axial stiffness or longitudinal stiffness. The pipe test pieces have the shape of rings.
Although fittings do not have the shape of rings, to emphasize the relationship between this International Standard and
1ISO 9969 and to stress that in both cases the stiffness is related to the resistance of the product to diametric deflection,
the word “ring” has been retained in this International Standard for the determination of the stiffness of fittings.

2.2

compressive force
compressive load

F

force applied to cause the diametric deflection during testing in accordance with this International Standard

©I1SO

2009 — All rights reserved
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2.3

diametric deflection

¥

change in diameter caused by a compressive force

2.4

percent deflection
diametric deflection, y, expressed as a percentage of the inside diameter, D;, of the fitting

NOTE Percent deflection is expressed as Equation (1):

2 %100

2.5
fitting wall h

€c

overall thickr

NOTE Fo

eight

examples of fitting wall heights, see Figure 1.

A
\

)
Q

|

|

e

JC_ 10

ec¢

[N

2.6

calculation length

L
external free
body and so

Figure 1 — Typical fitting wall heights, ¢

ess of the wall of a fitting, measured across the entire cross-section of the-wall

(1

ec¢

O

€¢

|
=

ec

[
<t

lengthof a fitting, excluding sockets, spigots, inlet zones and half of the transition zones between
kets; measured along a line parallel to the fitting axis

NOTE 1 The calculation length, L, depends on the geometry of the fitting, as specified in Clause 6. See Figures 3, 4

and 5.

NOTE 2  The length of loading is normally slightly shorter than the calculation length. This difference has no significant
influence on the result of the test.

© 1SO 2009 - All rights reserved
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5.1
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spec

5.2
piece

3 Symbols

Symbol Description Unit

D; Inside diameter of fitting mm

D, Nominal diameter of fitting mm

e Height of fitting wall mm
Force N
Calculation length mm
Calculated ring stiffness kN/m?2

S, Ring stiffness of test piece “a” N/m?2

Sp Ring stiffness of test piece “b” N/m?2

S Ring stiffness of test piece “c” N/m?2

y diametric deflection mm

4 Principle

Test |pieces shall be compressed across their diameter at a constant rate of deflection betweer

5. Force versus deflection data shall be generated.

orce shall be applied as a load distributed along:the body of the fitting without loading
r socket(s).

ring stiffness shall be calculated as a function of the force necessary to produce a 3
ction of the fitting.

As fittings are normally installed/with socket and spigot connections, creating zones of high stiff
applied to the body of the fitting and the equation used to calculate the stiffness uses the length of thg
erall length of the fitting.

Apparatus

Compression-testing machine, capable of a constant rate of crosshead movement appr
nal diameter<of the fitting in accordance with Table 1, with sufficient force and travel to
fied diametrie-deflection via a pair of bearing plates.

Bearing plates, capable of transferring the force and movement of the test machine (5.
and.comprising a pair of bearing plates alone or in combination with insert plates as descri

If the

two parallel

the spigot(s)

% diametric

ness, the load
e body and not

bpriate to the
produce the

1) to the test
pbed in 5.2 b).

fitting has a ribbed or structured wall construction, the plates shall make initial contact

pnly with the

top(s) of the ribs or structures (see Figure 2).

a) Bearing plates

The plates shall be flat and clean. The stiffness of the plates shall be sufficient to prevent them from
deforming during the test. The geometry of the plates shall be such that the force is equally distributed
over the loaded area of the test piece when the test piece is compressed over the length of loading (see
Figures 3, 4 and 5), e.g. by means of insert plates. The width of the bearing plates shall be at least
50 mm. When equal branches are tested without the use of insert plates, the width of the bearing plates
shall be (50 £ 1) mm.

©I1SO
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diametric deflection of the test piece up to 4 %.

6

6.1

Eac

b) Insert plates

When insert plates are needed in order to distribute the force equally over the loaded area of the test

piece (see Figures 3, 4 and 5), they shall be flat and clean. The stiffness of the plates shall be sufficient to

prevent them from deforming during the test. The geometry of the plates shall be appropriate to the type

of fitting and shall be such that the force is applied evenly to the fitting without loading the socket(s)

and/or spigot(s). The width of the plates shall be at least 50 mm. When equal branches are tested, the

width shall be (50 = 1) mm.

1 2 1 |F 3
3 3
[ ] [~ ]
(s 1AL« 1
> 7 Z :
a
a
[ N ]
‘ RN
1 3 1 3
Key
1 bearing dlate
2 injection-moulding point
3 insert plate
a8  Deflectionf measurement point.
Figurel 2 — Typical positioning of bearing plates and insert plates for various constructions

5.3 Dimerjsion-measuring instruments, capable of determining the following dimensions:
— the individual values of the lengths defined in 6.3, to within 1 mm;
— the inside diameter of the'test piece, to within 0,5 %;
— the change in inside>diameter in the direction of loading, to an accuracy of within 0,1 mm or 1 % ¢f the

deflection, whichéver is the greater.
5.4 Forceimeasuring instrument, capable of determining, to within 2 %, the force necessary to gause

Test pieces

Preparation

h test piece shall comprise a complete fitting with its attachments, such as retaining caps or rings. To

improve the linearity of the test curve, small protrusions on the fitting which would come into contact with the
deflection plates may be removed. Alternatively, insert plates adapted to the geometry of the fitting may be
used (see Figure 2).

© 1SO 2009 - All rights reserved
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6.2 Number

The test shall be carried out on three test pieces. They shall be marked “a”,

6.3 Determination of dimensions

6.3.1 Inside diameter

ISO 13967:2009(E)

The vertical inside diameter of each test piece shall be determined at the deflection measurement point (which
is at the mid-point of the overall length of the body) (see Figures 3, 4 and 5) to an accuracy of within 0,2 % or

0,1 mm, whichever is the greater

6.3.2| Calculation length of bends

6.3.21 General

The method of determining the calculation length, L, of a bend depends on its bending radius at the centre line.

6.3.2|2 Bends with a radius < 1,5 times nominal size of the bend

The galculation length, L, of a bend with a radius < 1,5 times the-nominal size shall be deter
length L, + L, as shown in Figure 3 in which Ly is the spigot lengthyas defined by the manufactur

provifled by the manufacturer, it shall be taken as the length L,

The yalues of L4, L, and Lg shall be taken from the productdrawing provided by the manufactur
meagured from the product. When measured from the product, the values of L, and L, shall be g

an agcuracy of within 1 % or 1 mm, whichever is the greater.

VY

g

L1|A

\/‘l‘

Py
P
=

ined as the
r. If Ly is not

er or shall be
etermined to

L:L1+L2

a8  Deflection measurement point.
b Length of loading.

Figure 3 — Calculation length, L, of a bend with a radius < 1,5 times nominal size

© 1SO 2009 - All rights reserved
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6.3.2.3 Bends with a radius > 1,5 times nominal size of the bend

The calculation length, L, of a bend with a radius > 1,5 times nominal size shall be determined in the same
way as for bends with a radius < 1,5 times nominal size, except that the following shall be observed:

— the length of the arc shall be calculated using the dimensions shown in Figure 4 and Equation (2):

L= + L1+ L 2
360 172 (2)

— if, in a bend with a radius > 1,5 times nominal size, it is impracticable to measure the change in inside
diameteL at the mid-point of the body, the average value of the change in inside diameter at twe [other
points each at o/3 from the mid-point may be taken (see Figure 4).

Key

o angle of fitting, in"degrees

a8  Alternative-deflection-meastrement-point

b Normal deflection measurement point.
¢ Length of loading.

Figure 4 — Calculation length, L, of a bend with a radius > 1,5 times nominal size

6 © 1SO 2009 — All rights reserved
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6.3.3 Calculation length of branches

The calculation length, L4, of a branch (L = L4) shall be determined as shown in Figure 5, in which Lg is the
spigot length as defined by the manufacturer.

The values of Ly and Lg shall be taken from the product drawing provided by the manufacturer or shall be
measured from the product.

When measured from the product, the values of L, and Lg shall be measured to an accuracy of within 1 % or
1 mm, whichever is the greater.

If L ¢annot be determined, it shall be taken as the length L,.

[ (—

LDl A7)

1 insert plate

©
(@)

eflection:measurement point.

o
—

ength of loading.

¢ Examples of length of loading Z4.

Figure 5 — Calculation length, L, of a branch

6.4 Age
At the start of testing in accordance with Clause 9, the age of the test pieces shall be at least 24 h.

For type testing, and in cases of dispute, the age of the test pieces shall be (21 + 2) days.

© 1SO 2009 - All rights reserved 7
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7 Conditioning

The test pieces shall be conditioned in air at the test temperature (see Clause 8) for at least 24 h immediately

prior to testin

g in accordance with Clause 9.

8 Test temperature

Unless otherwise specified, thermoplastics fittings shall be tested at (23 + 2) °C or, in countries where 27 °C is
used as the standard laboratory temperature, at (27 + 2) °C. In cases of dispute, (23 + 2) °C shall be used.

9 Procedure

9.1 Place
follow the sh
plates during

NOTE1 W,
spigot(s) can

When a fittin
are in initial g

Position a te
machine. In

the expected
NOTE 2 TH
between the s
can be made.

Unless other

Place upper

with the socKet(s) during the test.

Bring the up
insert plates
uniform as p

9.2
deflection co

Compless the testpiece at a constant speed in accordance with Table 1, recording the forcq

ower insert plates (see Note 1) on the lower bearing plate of the test machinge-such that
ape of the body of the test piece and so that the socket(s) do not make contactiwith the be
the test.

hen the design of the bearing plates is such that contact between the bearingplates and the socke
e avoided without insert plates, the latter are not required.

g has a ribbed or structured wall construction, ensure that only\the tops of the ribs or strug
ontact with the insert plates or bearing plates (see Figure 2);

st piece with its longitudinal axis parallel to the bearing.plates and centre it laterally in th

prder to obtain the correct reading from the load cell,position the test piece such that the a
resulting force is approximately in line with the axis of the load cell.

pcket, if any, and the body of the fitting, so an accurate determination is very difficult, but a good estin

lvise specified, the axes of the inlets of branches shall be parallel to the bearing plates.

nsert plates (see Note 1) ontop of the body of the test piece such that they do not make cq

ber bearing plate info\contact with the upper insert plates. Use only sufficient force to hol
in position. Ensure.that the contact between all the insert plates and the bearing plates
pssible.

htinuously~as described below until a diametric deflection of at least 4 % is reached.

they
aring

(s) or

tures

b test

Kis of

e position of the resulting force depends on the\geometry of the fitting and the design of the trafsition

hation

ntact

d the
is as

and

Table 1 — Deflection speed as a function of nominal diameter of fitting

Nominal diameter Deflection speed
D, mm/min
D, <100 2+0/1
100 < D, < 200 5+0,25
200 < D, < 400 10+0,5
20 +1
400< D, <710
0,03 x D; £ 5 %2
D, >710

D;j shall be determined in accordance with 5.3.

© 1SO 2009 - All rights reserved
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The force versus deflection plot shall be generated by measuring the change in inside diameter of the test

piece and the corresponding load. The vertical change in d4 shall be measured at the centre of th
fitting.

e body of the

Provided the fitting wall height, e. (see Figure 1) is not reduced to less than 95 % of the original fitting wall

height during the test, the force versus deflection plot may be generated by measuring the dis

placement of

one of the bearing plates. In case of dispute, the change of inside diameter shall be used as a reference.

9.3 The force versus deflection plot is typically a smooth curve. Use its origin to determine the origin for

calculation and definition of the 3 % deflection force as follows (see Figure 6):

Determine the point of intersection of this line with the force-deflection curve (point,BD-2/5).

b) [Draw a second vertical line at a distance of 3,5 % deflection from the origin ofithe force vers
plot (d5 5).

Determine the point of intersection of this line with the force-deflection curve (point D 3,5).

c) [Draw a straight line through points D 2,5 and D 3,5. Take the point of intersection of this
orizontal axis as the origin for calculation (point 0,0).

d) [Draw a vertical line at a distance of 3 % deflection from the)origin for calculation (d3).

[Petermine the point of intersection of this line with the curve and read the corresponding forq
ertical axis.

9.4 | Repeat the procedure given in 9.1, 9.2.and 9.3 for the remaining test pieces, identifying

resulfs “a”, “b” and “c”, respectively.

eflection plot

us deflection

line with the

e, F3, off the

he individual

© 1SO 2009 - All rights reserved
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Y A
F3 -
4
D35
/
//
/
}
D25
2
/
/
/
/
/
a /
/
/b
yad .
- ‘ N o~
| d3
= =

Key
X deflection, y, in percent
Y force, F, In Newton

@  Origin of the force versus deflection plot.
b Origin for falculation (point 0,0).

Figure 6 — Method of determining the origin for calculation and the 3 % deflection force

10 Calculption of ring stiffness

Calculate the ring stiffness; S, of the three individual test pieces, in newtons per square metre (N/m2), using
Equations (3), (4) and{(5):

F3,a

Sa—186001ax‘a 3)
F.

Sy, =18 600—>2 (4)

Ly X yp

F.

S, =18 600—>° (5)
c XVe

where

F5 s the force, in newtons, which corresponds to 3 % deflection of the fitting;

10 © 1SO 2009 — All rights reserved
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L is the calculation length of the test piece, in millimetres, determined in accordance with 6.3;
y is the deflection, in millimetres, which corresponds to 3,0 % deflection.

Calculate the ring stiffness of the fitting as the arithmetic average of the three calculated values, expressed in
kilonewtons per square metre (kN/m2), using Equation (6):

:Sa+Sb +S¢ ©6)
3 000

Round the result to three significant figures

11 Test report

The test report shall include at least the following information:

a) reference to this International Standard, i.e. ISO 13967:2009 and to the referring standard, jif any;
b) identification of the thermoplastics fitting, including:
) the identification of the manufacturer;
) the type of fitting and the fitting material;
) the dimensions and class, either stiffness class @rSDR or S series, as applicable;
) the production date;
) the mass of the fitting;
c) e calculation length, L, determined‘invaccordance with 6.3.2 or 6.3.3;
d) e test temperature;
e) e details of the equipmentjused;
f) e values of F and y-determined for each fitting tested;

g) e calculatedvalues of the individual ring stiffness (S, Sy, and S.);

h) e calculated value of S;

e load-deflection plot for each test piece, if required;

~

j) the details of any factors that could have affected the results, such as any incident or operation not
specified in this International Standard;

k) the date of the test.

© 1SO 2009 — All rights reserved 11
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Annex A
(informative)

Comments on the use of this test method

A.1 General

The determin
Solid wall fitt
The design g
International

thickness/prd

Therefore, it
classification

It is well kno
with the sam
using this mq

This behavio
body combin

The deflectia
of the piping

A brief expla

A.2 Bends

A.2.1 Benc

There are gn
material dep
angles.

ation of the stiffness of fittings is used for the classification of structured wall fittings.
ngs are normally classified according to their wall-thickness/diameter ratio.

Standard, even if they are made from the same material and have exactly the same
file and other design parameters, except, for instance, bending degree.
is recommended to be careful and critical when expressing the results of the test in prg
wn that with a buried pipe system, the deflection of fittings<is much lower than that of the
e material, diameter and wall thickness. This indicates that\even high stiffness values obtain

thod can be realistic when considering the actual behaviour of a buried fitting.

ur is due to the short free length between the joints- of the fittings and their support to the
ed with the geometry of the fitting.

System.

nation of the behaviour of various fittings subjected to this test is given in A.2.

s with a radius < 1,5 times nominal size

pat differencés in the determined stiffness of bends with the same wall thickness, diamete)
bnding on'the bending angle. Small bending angles result in higher values than bends with |

All socket be|

f fittings, however, results in different stiffness of fittings when determined in aceordance with this

wall

ctical

pbipes
ed by

fitting

ns in a given pipeline are determined more by the pipe stiffness than the fitting stiffness and a
number of other characteristics of the fittings are mere important than stiffness for assuring good perforn

ance

I and
arger

ds’give higher values than socket/spigot bends

In all cases, the values are much higher than those measured on a pipe with the same material, diameter and
wall thickness/profile.

A.2.2 Bends with a radius > 1,5 times nominal size

Since the calculation length of a long radius bend is much longer than for a short radius bend and the support
from the transition to the socket(s)/spigot(s) remains in principle the same, the measured stiffness is closer to
that expected if measured on a pipe of the same material, diameter and wall thickness/profile.

12
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