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SECTION 1 - HISTORICAL BACKGROUND

1. DISCUSSIONS IN ISO

Work within ISO/TC 5/SC 6 (now ISO/TC 138) on a specification
for plastics pipes and fittings made of UPVC for use in
underground sewage was approved at the sub-committee meeting
in Stockholm in 1969 when Working Group A was established and
the responsibility for drafting the specification allocated
ater on to a Task Group (now ISO/TC 138/SC 1/AGH-1 - Buriéd
rain and sewer pipes).

t the WG 1 meeting in Berlin in 1972 the U.K. proposed thgt
G 1 should give consideration to the so-called Box Loading
est (BLT) as described in BS 4660. This was acceépted.

he "Specification for pipes and fittings of unplasticized
olyvinyl chloride (UPVC) for buried drain and) sewer pipes'
doc. 138/1 N 161) was forwarded to TC 138, 1evel by resolufjion
n Madrid in 1972 without any functional test requirements |[for
ipes or fittings and at the same time it was decided that |TG
should continue its specification work on the quality
esting of fittings.

he above mentioned specification, now ISO/DIS 4435, was
ccepted with 24 approvals, 2 disapprovals and no abstensiqgns
see doc 138 N 153).

fter having finalized the leakproofness tests for fittingg,
G 1 was, by resolution of W& 1 in Bremen in 1974, to continue
nder the leadership of Finland developing suitable tests flor

ipes and fittings.

ince then, in the«period 1974-1978, nine further Task Group
eetings were held keeping in mind the following terms of
eference:

To prepare @ functional performance test (type test by
ature), censidering the long term durability of fittings,
hich simuYates, as far as possible, practical conditions.

To develop a simple production quality control test,
specially for injection moulded drainage fittings, which
xamines the strength of the weld line, which may be weaker
han the the fitting in general.

The main task, being derived from the actual initiative, was
to study the testing of UPVC assemblies but the AHG has also
studied the applicability of the methods established to other
plastics materials: no final conclusions have been drawn
however.

During the work of TG 1 it became evident that no unanimous
proposal could be reached within the TG upon the methods to
be used and therefore TG 1 agreed that all prepared
descriptions of test methods should be circulated to the WG 1
meeting in Tel Aviv for wider consideration. At the meetings
in November 1977 it was agreed that documents 138/1 N 369, N
370 and N 371 should be compiled into a Technical Report.
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SECTION 2 - BASIC TECHNICAL PROBLEMS

2. INTRODUCTION

When flexible plastic pipe is used for underground drainage
and sewage, a so-called pipe structure is formed by the
interaction of the mechanical properties of the pipe and the
surrounding soil. The behaviour of the pipe structure over a
long period depends on the ageing properties of both

T y 1.es i . i rtti iall and
variations in the earth pressure distribution cause
diminishing pipe strength.

The main loading factors, which should be taken.into acfount
when dimensioning the pipe structure are:

a) static and dynamic loads which cause bending stresseg and
fatigue phenomena in the pipe and fitting'wall;

b) thermal loads which cause accelerated ageing and posgible
softening in the material and bending stresses in the plipe and
fitting wall;

¢) chemical influence of waste water.

These factors cause changes ‘@f differing degrees in pipp and
fitting materials dependingi‘on:

- dimensions and geometry;

- elasticity and stiffness;

- creep and relaxation properties;

- frozen-in-stresses;

- tensile, compressive and fatigue properties;
- softening temperature;

- molecular weight and its distribution.

3. QUALITY CONTROL PROBLEMS

With.manufactured products, quality is mainly determined by
quality of design and quality of manufacture:

£ Quality of design is defined as the excellence of the|l design
in relation to ease of manufacture and to the customer'ls
requirements

~ Quality of manufacture is defined as the fidelity with which
the product conforms to the design.

When discussing the quality control, which is defined
according to the European Organization For Quality Control
(EOQC) as a system for programming and coordinating the
efforts of the various groups in an organization to maintain
or improve quality, at an economical level, we see that the
dccument ISO/TC 138/WG 1 N 299 gives a definition for Quality
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Control Test that should preferably be called a Production
Control Test. The Type Tests and Performance Tests fall under
the heading Quality of design:

- The definition of Performance Tests states that they are
carried out in order to assess the ability of a product or
assembly of components to fulfill its function

- The definition of Type Tests states that they are carried
; : oy . and

components.

The question is to which definition should be added the wo
"over the required time", which is defined as the périod o
time (for pipes and fittings normally 50 years) during whi
the user expects the item to be in a condition to perform
required function. Does the testing of wear-out\.or degrada
failures belong to both groups? It is clear that in order
get reliable results from a test which simulates functiona
and environmental stresses the test shall_ include an
hccelerating factor. What accelerating means should be cho
is dependent on the parameters to be investigated. The Tas
Group has studied the effects of température, which is kno
from previous experience to be a reliable factor, increment of
induced stress and dynamic loading,.

An accelerated test is definedvas a test in which the appljed
stress (loading) level is chosen to exceed that stated in the
reference conditions in order to shorten the time required|to
bbserve the stress responsé of the item, or magnify the
response in a given timé. To be valid, an accelerated test
must not alter the basSic modes and/or mechanisms of failur
or their relative prevalence.

W

In order to be able to state the reference conditions one
should carry out~Field Reliability Tests, which are defined as
n reliability-compliance or determination tests made under
stated and ccontrolled conditions of use and recorded
conditions$ )0f environment in the field.

Because,'results over a 50 years period are not yet available,
field~data and results from Endurance Tests have been studled
by<the Task Group.

he idealized target of the TG could be crystatiized as
follows: To establish a simple, easy and quick test, which by
simulation takes account of the performance requirements set
by the environment and the function stresses, reveals
inadequate design strength in view of long term durability,
which could be used as a reliability test, as a production
control test and as a screening test. A screening test is
intended to remove unsatisfactory items or those likely to
exhibit early failures.

Not surprisingly this proved to be unreasonable and therefore
the task Group split the programme into smaller individual
Tasks.
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SECTION 3 - TEST METHODS STUDIED

4, MOTIVE

The reason why tests were developed is contained in the sewer
pipe specification ISO/DIS 4435. It is stated under the

heading "wall thickness" that "Note: The wall thickness
given fitting may require greater values than given in
table in order to comply with the test requirements of

of a
the
this

- L n
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of the class of fittings to be connected to a specific

5. BOX LOADING TEST (BLT)

Originally the work of TG 1, in its present/‘composition
with a so-called BLT method, which is a Laboratory Reli
Test by nature. The BLT is meant to be a”a simulating t
which contains thermal shock as an accelerating factor.

5.1 Background

The background to the BLT and the objectives it achieve
pipes and fittings are subjected to it lies in the fail

UPVC soil discharge pipes'“ollapsed due to conveyance o
discharges. Investigatieons following these failures wer
carried out by BPF. From this survey two sets of condit
emerged which could . have caused the soil systems then i
to fail. These conditions were:

a) A rapid disé¢harge of the contents of a boiler.

b) The use,of" washing machines where the temperature of
waterccan be as high as 95 °C.

It wasl subsequently establised that plastics soil syste
should undergo an elevated temperature cycling test. Th
was\that the test would indicate that when a system

satisfactorily performed after the test had been comple
then for all practical purposes other pipes and fitting
identical to those tested would perform satisfactorily

Up to now no guidance has been given within ISO for Cthe

soil stocks reported during 1966 and 1967 in U.K. A num

choice
pipe.
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service. This test 1s now included 1n relevant IsO Drat
International Standards for soil and waste discharge sy
inside buildings.

When the U.K. came to examine the question of drainage

t
stems

pipes

from the house to sewer it was immediately thought necessary

for a similar test to be included to determine the performance
of these pipes under the influence of thermal shock. However,

because the pipes would be buried in the ground and subjected

to external loads, additional criteria would be applied.

Opinions from building authorities, road construction
specifiers, transportation authorities and organizations were
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examined and certain load criteria emerged. These load
criteria can be said to be the maximum possible normal
loadings that would pass over or remain on a buried sewer pipe
for a length of time. A similar examination with regard to the
temperature of the effluent, as carried out for the soil
system programme, showed that the effluent conveyed in
underground drainage was at a lower and more constant
temperature. The practical questions were then raised
concerning applying these criteria to a test and it was very

3 on
continuous basis for test purposes was not practical and’|an
rtificial trench had to be designed and specified. Ultimately
his artificial trench emerged as the box detailed in the flest
escription which follows this report. It was considered
cceptable for all practical purposes that if the- physical
roperties of the box were toleranced, differentllaboratories
ould construct boxes and test components in them to a
tandard method. This method of determining al pass/fail fox
the products tested by each group would be, satisfactory. As
For soil systems, the object of the Box Loading Test is to
confirm that pipes and fittings which dosnot deflect by morge
than a given percentage during the test, and at the test
conclusion show no signs of leaks, will give a satisfactor
ber formance when in use. Again, as&with the soil systems, 1t
is not intended that systems so teésted in the box should b
given a numerical value whereby*systems from one manufacturer
ran be directly compared with -those of another.

5.2 Objections

'he Task Group studied.the original U.K. proposal and the
rorresponding Finnish' standard SFS 3143 - 1975. The main
arguments against these methods were:

Lack of information concerning

0
a

h) The weld line quality, because of the small number of tg¢
pieces

b) The stiffness, because the temperature is as high as
852¢C,

c)~AThe long term behaviour, because the testing time is short
and cannot be sufficiently related to practice

d) the method is costly, time consuming and complicated

e) The reproducibility is doubtful,

5.3 Progress
a) Weld line quality
From the investigations made it can be concluded that

"frozen-in-stresses" in injection moulded fittings have a
certain effect in relation to the weld line and thus the weld
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line can be the weakest part of the fitting. This is evident
because when the weld line is placed in the water flow the
deformation is often at its maximum and small cracks in the
weld line can be found. Because the method was not originally
meant for detcrmining the weld line gualityv by measuring the
depth of the crack and because statisticaliy the number cf
test specimens i3 too small. it agread that in the
standard onlv a reference for further investigations was to be
made in the case of crack development

b) Test temperatures

The water temperature of the hot water cycle was proposgd
originally as 85 °C. This was enough to raise the'mean
temperature through 60 °C in the material. Thig-in retufn can
cause acceleration of degradation (ageing) failures and| thus
select bad material quality from good. When{'resting and
cooling the original test schedule requiréd care to be faken
that the crown temperature fell to a maximum of 30 °C. ['his
keeps the total assembly temperature ak.about a constanf
level. It is interesting to note the{relationship of thp wall
temperature with the long term pressure test for pipes.
Experiments made with water at 70 _¢C show that the
deformations are much smallier.

The Task Group discussed thedtest emperatures on severpl
occasions and studied manv.weports in which the concluslions
were equal:

Though the temperature“from a washing machine can be as| high
as 95 “C when pourad(into the soil system, it rapidly

denreases and seldom exceeds 60 °C when running in the
ancderground drailmnage system. There are, however, certaip types
of ising whefe  hor water i1s discharged into the underfround
dral systom a* emperature of at least 85 °C. Thip was

L field measurements. Thus it can pe seen

> ]
conciaded £x o
a severe, but in some cases reievanf

that 85 "€ p
figure.

Sumnaty: The hot water temperature was not fixed, becaupge it
ig¢dépendent on national codes of practice and other mapdatory
regqliraments.

~7 Leong term durability

~cald find only passive and indirect
3f the method's ability to serve as a reliable

~ During the 10 vears' knowledge of the BLT no failures are
known to have occurad ian practice to those types of pipes or
which have passed the BLT.

made on UPVC show that the long

ats
trongly influenced by the combined
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effect of the K-value and the Vicat point of fittings
material. This is more generally revealed at the elevated
pressure test temperature of 60 °C. The results from the BLT
tests using the hot water temperature of 85 °C show similar
results and this gives the right to suppose that BLT may be
used for determining the long term durability.

- The functional stresses in practice consist of among others
those caused by thermal shocks. This kind of fatigue loading

he BLT apparatus is not a cheap test device for plastic pipes
and fittings, however, the test is intended to be-carried dut
¢nly when a new material or construction is introduced.

¢) Reproducibility

he main reasons postulated for the poorisreproducibilty of |the
¢riginal test where:

the filling method was not described clearly enough

the filling material and its compactness varied too much
from one test station to another

the possible deformation of the box was not restricted

he Task Group studied these points and on the ground of
separate investigations these factors were eliminated or
restricted to a reasonable level when considering the
practical nature of the test.

) Other objections

2500 cycles are\recommended. This is based on the fact thal it
¢orresponds im,practice to approximately one thermal attack
per week dufing 50 years. The fact that the deformation is
¢ontinuously rising towards the end of the test brings up flor
discussion the possibility of increasing the test to 2700

¢ycles(which simulates full 50 years service life. This is
gontrary to the proposed reduction of the test to 1500 cycles.

he Task Group has also discussed the magnitude of the
superimposed load which originally was 36 kKN for 110 mm pipe.
This relates to a backfill height of about 3 m where as the
proposed 50 kN relates to a backfill height of 4 m. According
to the tests made with 36 kN and 50 kN there is no marked
difference between the deformations produced. Therefore in
order to obtain more reproducible results the Task Group
suggests a load of 50 kN for all underground drain pipes and
fittings up to 160 mm.
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5.4 The advantages of the BLT

The main advantages of the BLT are:

7074-1986 (E)

a) It can be used for studying of the long term behaviour of
pipes, fittings and assemblies in respect of stability of
construction and tightness.
b) The method has proved to give good simulation of the pipe
i i it i ation
caused by the soil load is of the same magnitude.
c) The method gives information of the material's genergl
suitability, of the soundness of construction andvof possible
weak points caused by manufacture.
d) The method is applicable to all flexible‘pipe and fitting
materials.
5.5. Work still to be undertaken
5.5.1
The original method used in North European countries cqnsists
of two parts:
a) for drain pipes and fittings up to and including DN (160 mm
using cycling thermal-shocks with water temperature 85/10 °C
b) for sewer pipes and fittings of 200 mm and above using
continuous water flow with a temperature of 50 ° C and |a load
as per table 1.
Table 1 Test conditions
Nominal wWidth off Length of | Heigth of Load Hgt water
outside the box the box the box tgmp.
diameter a bnin h F Tl
DN mm mm mm kN C
100 700 1200 810 50 £ 2 g5 £ 2
125 700 1200 825 50 £ 2 g5 £ 2
160 700 1200 860 50 £ 2 g5 £ 2
200 800 1500 900 50 £ 2 50 £ 2
250 900 1500 950 50 £ 2 50 = 2
315 1000 1500 1015 55 = 2 50 £ 2
400 1300 1500 1100 55 £ 2 50 £ 2
500 1800 1500 1200 60 = 2 50 £ 2

The latter application is deleted from the present IS0 test

method, however, the need for such a test should be ev

aluated.
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5.

5.2

The hot water temperature and the permitted end deformation are
left to be fixed by the national member bodies. However, it i
recommended that the water temperatures used should be the same

for all materials. The final end deformation value may vary from
material to material depending on proven practical field

S

experience.

6 [ WATER CYCEING TEST H(WCT)

6./1. Background

By testing several kinds of fittings in the BLT it can be shiown
that for certain types the weld line has a tendency!to open.
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s therefore suggested that this phenomena could(be investilg
ing a cheaper method than the BLT.

e Task Group studied a few different methods’and came to th
nclusion that the "Elevated temperature cycling test on
ttings" as decribed in BS 4660 serves as a relatively easy
thod for determining the weld line strength. The cycling qf
t and cold water is made in the same manner as in the BLT
t the fittings are mechanically unloaded. Comparative test|s
ve shown that the same tendency of cracking is achieved,
en the test is made with the test piece surrounded by air,

in the WCT, compared to the results from the BLT. During
e test the weld line is of ¢ourse placed in the water flow.
e cycling test is primarily a kind of a functional type tegs
r fittings exposed to hot water, i.e. for diameters 110, 12
d 160 mm. Test work haslshown that the method is not
itable for testing pdlyethylene fittings.

2 Summary

e Task Group_prefers the WCT to the BLT in terms of weld 1i
rength testing. For production quality control purposes the
thod is not particularly suitable since it is time consumin
s usefulliness is evident for repeated type testing made by
nufacturer or control inspector.

FATIGUE BENDING TEST (FBT)

7.

1 Background

It
ated

e

t
5

ne

g.
the

In order to find a suitable quick test on weld lines, the Task
Group started to examine the so-called Fatigue Bending Test
(FBT). When comparing the newest version to the original
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proposal from from the Netherlands, the test description has
changed a lot. The Task Group has studied the influence of

- frequency

- amplitude

- type of loading
- test sample size

- positions from where the sample should be taken
- temperature

7.2 Objections

During the work the following objections to the proposgd method
were made:

- As it now stands the method is unsuitable for its orilginally

-

expected end use: quick quality control
- The method is of such a nature that it““is necessary to use
quite large numbers if test pieces in order to obtain gta

tistically significant results.
- The method is not suitable for Fittings made of polyqlefins.

7.3 Advantages

- The method is shown to give information of the weld line
quality

- The method can be used to measure the material's fatigue
properties. Thus its) simulates in one way or other the|dy
namic loading characteristics of the fittings more accyrately
than the BLT.

7.4 Work stilll) to be undertaken

In further investigations stress should be laid on following
featuress

- thé’¢riteria for pass/fail should be established
-“the statistical parameters should be clarified
- tests in a cooled liquid bath should be carried out jin order

source of unreliable results:
i.e. the warming up of the material.

7.5. Summary

The method is still under development. Promising results have
been obtained especially when considering the possibilities
which the method may serve for product development and
processing technology.

1
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8. IMPACT RESISTANCE TESTS (IRT)
8.1 Background

The need for a quick quality test for weld lines was the motive
of the Netherlands when beginning the work with the IRT. The
method has been developed from the common method ISO R 179 which
has been used for the testing of fitting quality for example in
specifications for ABS and PP soil and waste discharge systems
in hiiil1d3n

L
LR S A" 3= = Sav o= S Y T NS

en comparing the latest edition to the original proposal it
clhn be seen that the test description has been changed.notably
only in one detail, that is, the strinking edge hitsAthe
specimen on the outer surface, which the Task Group'regards|as
an improvement.

The test can be performed with less striker eneéergy than
scribed at the moment in the draft standard:

©

.2 Objections

The main arguments against the method ‘are:

Due to the weld line there is often a small notch in the
est bar. This causes much variatdon in the test results.

o

-| The method does not give an.@ndication of the fitting's
overall performance ability; only giving results from varioys
points of the fittings.

The original intenti®n was to substitute the FBT by the IRT
but there is doubt that the IRT tests the same parameters.

The machining of the test bars can easily affect the
esults.

[n]

The method i§ not suitable for PE at the test temperature|of
23 °cC.

4 The number of test pieces must be quite large in order to
dbtain>statistically significant results.

8.3, Advantages

- The method may give information of the weld line quality more
easily than the FBT.

- The method gives information of the material's impact
resistance properties which the BLT is unable to do.
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8.4 Further work to be undertaken

In further investigations stress should be laid on following

features:

- The impact energy should be fixed for different fitting

materials.

- The notch effect problem is still to be solved.

9. OTHER TESTS METHODS STUDIED
9.1 Pulsating Load Test

The CSTB have been studying the behaviour of empty plas
pipes under pulsating load induced on the top)of the pi
jig, which facilitates suspension in the horizontal dir
The aim is to obtain a correlation between( this laborat
and a site test program with a "carousel!'Ztraffic load

simulator. Thus the test is analogous with the FBT and

be interesting to find out if there is any correlation

these methods.

9.2 Line Load tests

ics

e in a

ction.

ry test

t would
etween

In Sweden and in the Netherlands many Line Load tests h3ave been
carried out. The method hasi<been analogous to the WCT with the

exception that the fittings were compressed to a certai
The method has been later deleted because comparative

experiments have shown“that the WCT brings out the tendg
cracking at least as(¢learly.

9.3 Plate Test

degree.

bncy to

In Sweden a compression test for fittings is included ip the

manufacturer's specifications on drain and sewage pipes
fittings. The method consists of a simple determination
rigidity- or stiffness of the fittings when compressed t¢
deflection. This test is used for quality control purpo:
the way that in quality control tests the results shall
least 90 % of the stiffness which was accepted in a typ;s
The 'Task Group has not studied the test method any furt

9‘4 NoOoLo—teSt

and

of the
b 5 %
5es by
show at
test.
her.

)

=

The U.K. has studied the possibilities of using a

straight-forward tensile testing method according to the A.S.T.M
procedure, for the testing of weld line quality. The results

were not promising.

13
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10. COMPARABILITY OF THE DIFFERENT TESTS

Much work has been done in the Task Group 1 in order to
establish correlations between the test methods described. It
has been shown that:

- The results from BLT and FBT seem to show some correlation.
- The BLT and the WCT give similar results when testing the
tendency to weld line cracking.

f The WCT seems to have mo correlatiom to the IRT whem testing
the weld line quality
- There is correlation between the results from IRT and) FBT
in terms of weld line strength.

11. SUMMARY

As a result from the comprehensive test programme carried gut
by the members of the Task Group it can be stated that:

1. All the test methods are useful but it (is to be noted that
they seem to test different parameters.

P. The Box Loading Test seems to be .the most useful when c¢gn
s5idering materials and the geometricrdesign of the fitting|
B. The FBT and IRT tests seem to.be most useful when conside
ring the moulding technique and'the quality assurance of the
Fittings.
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12. BOX LOADING TEST (BLT)
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-

7/
2
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Figure-l. The BLT apparatns

12,1 Scope and «field of application

1 Box
2.loading |plate

3 Filling mpterial

4 Test sample

5 (old water spray

6 Upper syrface sensor
7 Llower syrface sensor
8 Hot water sensor
9 Hydraulit equipment

10 Air inlet
11 Warm water inlet
12 Cold water inlet

This present‘document specifies a method for testing the long
term durability of pipes and fittings intended for use [in

undeground”drainage systems up to and including 160 mm.

This mMethod is particularly intended for the use as a

functional type test.

2.2 Test principle

gravel-filled box, alternate discharges of hot and cold water

are passed through the test assembly.

Deformation of the specimen under test is measured. There
shall be no leakage of the test specimen either during or

after the test.
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12.3. Apparatus
12.3.1

The apparatus, consisting essentially of an assembly of pipe and
fitting placed in a gravel-filled box, shall be generally as
shown in figure 1.

The box shall have internal dimensions of 700 mm x 1200 mm and
shatl be about—1000Tm deep.

The inside walls of the box shall be lined with film faced
shuttering plywood for external use.

he box shall be constructed and reinforced such that, when
nder load, at no point shall it deflect by more<than 3 mm. |The
ipe-line shall run into and out of the box through aperturegs
hitably sealed so as to impose no restraint upon the
5sembly.
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Figure 2. The dimensions of the box

1Rc3.2

During testing the box is filled to the specified height with
gravel having a granular composition within the range shown in
figure 3.
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dJurable and clean particles.

Figure 3. Gradation range of the filling material for BLT-

The gravel shall be washed natural material comprising hard|

Table 2 Particle shape

PARYICLE SIZE mm

test

Classification

Description

Rounded

Fully water-worn or completely
shaped by attrition

Irregular

Naturally irregular or partly
shaped by attrition and having
rounded edges

Angular

Possessing well defined edges
formed at the intersection of
roughly planar faces

Flaky

Material of which the thickness
is small relative to the other
two dimensions

Elongated

Material, usually angular, in
which the length is considerably
larger than the other two
dimensions

Flaky and
elongated

Material having the length consi-
derably larger than the width,
and the width considerably larger
than the thickness

17
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Table 3. Surface texture

Surface texture Characteristics

Glassy Conchoidal fracture

Smooth Water-worn, or smooth due to frac-
ture of laminated or fine-grained
rock

_Granular Fracture showi ng more or less uni-
form rounded grains

Rough Rough fracture of fine or mediym-

grained rock containing no‘easily
visible crystalline constituents

Crystalline Containing easily visjible crystal-
line constituents
Honeycombed With visible poressand cavities

The particles shall be rounded or irregular ‘as defined in
Fable 2 and their surface texture shall be’glassy or smooth as
lefined in table 3. A certain amount, maximum 10 per cent by
yveight of angular particles with granular, rough or
rrystalline surface texture is allowed in the filling
material.

12.3.3

'he load shall be applied by\means of suitable hydraulic
bquipment acting through a(450 mm x 300 mm x 20 mm rigid steel
plate - the 450 mm dimension being parallel to the assembly -
hnd shall be maintained'within * 2 kN. The plate shall be
sufficiently rigid not/to deflect during the test.

o 3 /4 i i —

umdhgthLIXMLSO
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Figure 4. Example of positioning of a fitting under the
pressure plate
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12.3.4

Hot water is conducted along the invert of the specimen under
test. Cold water is sprayed on to the uppermost third part of

the inside surface of the specimen throughout its entire

12.3.5

length.

External surface temperatures and water temperature are recorded

three temperature sensors capable of measuring to an acgc
1 °c.

12.3.6

Changes of the internal vertical diameter of the test sp¢
shall be measured to within * 0,1 mm.

12.4. Test specimens

The test specimen consists either of al fitting assembled
two or more pieces of pipe, of sizenand quality for whic
fitting is designed, or of a full.length of pipe having
joints. For pipe with integral sockets, the socket where
to a plain pipe is placed directly under the loading pla
12.5. Conditioning

Specimens shall not be tested within a period of 24 hour
production.

The temperature of ‘the assembly shall be at room tempera
when beginning the ‘test.

12.6. Test procedure
12.6.1

A gravel /bed, 100 mm thick, is levelled so that a fall o
1/50 48 achieved in the direction of flow.

on the gravel bed directly under
as indicated in fig. 4. The weld

Place the assembly flat
loading plate generally

requires
hracy of

bcimen

with

h the

No
jointed
Fe.

2

after

=]

Fure

fF about

the
line

of fittings, if any, is

subjected to the flow of water, where

this is possible.

When testing a branch, the side limb shall be in the

horizontal position and any socket not being used shall be

sealed with short length of pipe with a plug attached.

If necessary gravel may be added so that the assembly rests on

an even base.
12.6.2

Attach two sensors to the outer surface of the pipe in
accordance with fig. 1. Place a third temperature sensor
hot water stream.

in the

19
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12.6.3

Pour gravel into the box from a funnel having an opening of 50
mm diameter, until a depth of 600 mm above the crown of the
specimen has been achieved. Pouring shall be carried out over
the whole area of the box and from a constant height of 750 mm,
taking care of uniform filling without compacting on both sides
of the test specimen.

Iyection pont

h750

Figure 5. Example'of the filling procedure

12.6.4

he specified 1lodad of 50 kN shall be applied through the ldading
plate to the gravel surface vertically above the test assenbly
and shall be'maintained throughout the test even if the watler
fFlow is interrupted from time to time.

[f, whefi~the load is applied, the plate penetrates more than
P5 mm-into the gravel the load shall be removed and gravel
hdded until, with the load re-applied, penetration does notf
exCeed 25 mm.

Connections are made to hot and cold water inlets. The
assembly shall be subjected to the alternate passage of hot
and cold water according to the following schedule for 2500
cycles:

1. Hot water at a rate of 23 + 1 litres per minute at a
temperature of T ¥ 2 °C measured at the entry during a period
of 90 £ 1 s.

2. Rest and drain for 60 ... 70 s, removal of steam with air
blast (around 10 m3/h)
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3. Cold water flow at a rate of 23 + 1 litres per min at a
temperature of 5 to 20 °C during a minimum period of 90 s
supplemented if desired, by a cold air blast of duration
sufficient to reduce the temperature recorded at sensor 6 to
30 °C.

4. Rest and drain for 60 ... 70 s, air blast if required.

12.7. Calculation and expression of results

12.7.1

Deformation of the test sample shall be measured”as a change in
vertical internal diameter, usually at the centre of the
specimen, since this point is directly under .the centre|of the
loading plate during the test.

12.7.2

The vertical diameter shall be measured:

(i) immediately after placing the test pi¢ce on
the gravel bed

(ii) after 2500 cycles with the load still|applied

12.7.3

Deformation is claculated as follows:

deformation & =100 - d1 -d2 =_48 - 100 %
di dy
where djc=“internal diameter (mm) obtained according tp the

first measurement (i)

dy = internal diameter (mm) in the following
measurements

12.7.4

After the 2500 cycles and with the load still applied, the test
assembly shall be capable of accepting the passage of a steel
ball with a diameter determined as follows:

Ball diameter = d1 - 6 max allowed
12.7.5

After cycling the pipe ends shall be sealed and the assembly
filled with water at a temperature of 5 to 20 °C.
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After the assembly has been conditioned for 15 minutes with
the load still applied, a hydrostatic pressure of e.g. 35 kPa
shall be withstood for 15 minutes without leakage.

13 IMPACT RESISTANCE TEST (IRT)

[P st

Bearing

Pendutum
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Pointer
Hammer

\>A

SectionA- B
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Figure 6., Pendulum impact apparatus
13.1 Scope and field of application

This present(document specifies a method for testing the wagld
line strength of injection moulded fittings for use in

underground drainage and sewage up to and including 160 mm.

The method is particularly intended for use as a quick quality
control test.

13212 Test principle

The curved testpieces are struck once on the outside surface at
the point of weld line with a standard pendulum hammer. The
impact energy consumed by the specimen is measured and/or the
test specimen is registered to be broken or not.

13.3 Apparatus

Testing of the impact resistance of unnotched curved bars shall
be carried out with a standard pendulum impact apparatus
according to ISO/R 179, as seen in fig. 6. The dimensions of the
striking edge of the pendulum and of the supports are indicated
in fig. 7.
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30+1°
Supports on both sides

(Upper one not indrcated)

40 e,

S

Figure 7. Positioning of a sample

hitting the centre of the specimen with a velocity of 3,

13.4. Test specimens

be smooth and free from cracking initiators.

=r

Weld line

Test specimen

resistance of the weld line

The dimensions of the testbar are given in fig. 9.

The energy content of the hammer should be 15703 Nm when

8B m/s.

From each fitting five testpieces arei«ut in the circumfprential
direction with their centre on a weld/line. The specimen| shall

Figure 8.<¢ Example on points of sampling when testing the impact

50

Figure 9; Dimensions of standard curved small testbars.
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13.5 Conditioning

When the IRT is used for production control purposes
conditioning of test specimens for 2 hours at 23 * 2 °C is
sufficient.

For more precise investigations the test samples should not be
selected until at least 24 hours have elapsed after production
and the specimens should be kept for at least 16 h at

23—+ 2 °Canda reltative humidity of 56—+ 5%

13.6. Test procedure

13.6.1

=

easure, to an accuracy of 0,1 mm, the length across the chprd

and the breadth and thickness of the specimen in the centre| (at
the point of weld line).

13.6.2

Rigidly fasten the pendulum impact apparatus to a rigid basp and

Q)

djust it so that the strinking edge_.hits the specimen over| its
ntire width.

[0

13.6.3

Blace the curved test specimen’on the supports in such a mahner
ghat the striking edge hits. the centre of the test specimen| on
ghe outside surface.

13.6.4

djust the pointer ‘of the pendulum impact apparatus so that| it
ouches the driving pin when the pendulum is hanging verticphlly.
arry out blank tests to ensure that the total friction losg,
ncluding thecfriction of the pointer, does not exceed 0,5 per
ent of themakimum impact energy when the pendulum is swinfing
p to the maximum amplitude.

C O E-Oct D>

13.6.5

The: péndulum is lifted and arrested, the specimen is arrangped
dceording to the instructions given in clause 13.6.3 and the
pendulum reieased carefutily.

13.7. Calculation and expression of results

13.7.1 Calculation of impact energy.

If needed the impact energy is calculated as follows:
13.7.1.1

The impact energy consumed by the specimen is read on the scale
to accuracy of * 0,05 Nm.
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If the arithmetic mean of all absolutely calculated deviations
of the individual results exceeds 10 per cent from the mean
value, another five specimens should be tested to ensure a
reliable mean value. The above is valid if specimens are taken
at the exactly same place.

13.7.1.3

The impact resistance ag
given by:

)]
Q
Il

where

o
o

13.7.2 Results for production control

For production control purposes the{results are expresse
number of fractures/number of strikes.

b - e

(in kJ/m2) of the curved specin

Ap

impact energy in kJ
width of the test(piece in m
thickness of the-test piece in

en is

m

d as the

14, FATIGUE BENDING TEST (FBT)
Air cylinder
Control box
4 Qo=
[ ]
. B
Stand _ 1
= 1 Piston
Base plate (Height
-"r odjustable to ring diameter)

Figure 10. Example of a FBT apparatus
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