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INTERNATIONAL STANDARD

1SO 4435:1991(E)

Unplasticized poly(vinyl chloride) (PVC-U) pipes and fittings for
buried drainage and sewerage systems — Specifications

1 Scope

This Intgrnational Standard specifies unplasticized
poly(vinyl] chloride) (PVC-U) pipes and fittings with
elastomgdric sealing ring joints for outside diameters
from 110 mm to 630 mm and with cemented-type
joints for|outside diameters from 110 mm to 200 mm,
intended|for buried gravity drain and sewer pipes for
the trangportation of soil and waste discharge of
domestid and industrial origin, and surface water.

In the cise of industrial discharge, chemical and
temperature resistance have to be taken into ac-
count.

2 Normative references

The foligwing standards contain provisions which,
through reference in this text, constitiite ‘provisions
of this International Standard. At the\time of publi-
cation, the editions indicated were~valid. All stan-
dards afe subject to revisiop,” and parties to
agreemepts based on thisCatérnational Standard
are encouraged to investigate the possibility of ap-
plying the most recent €djitions of the standards in-
dicated below. Members of IEC and ISO maintain
registers|of curreptly(valid International Standards.

ISO 265-1:1988,»Pipes and fittings of plastics ma-
terials —| Fittings for domestic and industrial waste
pipes — |Basic dimensions: Metric series — Part 1:

ISO 1043-1:1987, Plastics =~ Symbols {
polymers and their special characteri

ISO 1167:—" , Thermoplastics pipes fd
of fluids — Resistance to internal p
method and‘basic specification.

ISO 25051981, Unplasticized poly
(PVC)pipes — Longitudinal reversio
ods and specification.

ISO 2507:1982, Unplasticized poly
(PVC) pipes and fittings — Vicat soft
ture — Test method and specification)

ISO 3126:1974, Plastics pipes — Mea
mensions.

ISO 3127:1980, Unplasticized poly
(PVC) pipes for the transport of flu
nation and specification of resistan
blows.

ISO 3606:1976, Unplasticized poly
(PVC) pipes — Tolerances on outside
wall thicknesses.

ISO 4065:1978, Thermoplastic pipes —
thickness table.

— Part 1: Basic
5tics.

r the transport
ressure — Test

inyl  chloride
» — Test meth-

inyl  chloride
ening tempera-

urement of di-

inyl chloride
ds — Determi-
ce to external

inyl  chloride
diameters and

Universal wall

1SO 4633:1983, Rubber seals — Joint

rings for water

Unplasticized poly(vinyl chloride) (PVC-U).
1SO 580:1990, Injection-moulded unplasticized

poly(viny! chloride) (PVC-U) fittings — Oven test —
Test method and basic specifications.

1) To be published. (Revision of 1SO 1167:1973)

supply, drainage and sewerage pipelines — Specifi-

cation for materials.
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3 Symbols

The main symb
dard are listed i

E)

ols used in this International Stan-
n table 1.

Table 1 — Symbols

All measurements of dimensions shall be carried
out in accordance with ISO 3126.

5.1 Pipe dimensions

Symbol Definition The pipe dimensions are illustrated in figure 1.

D Nominal outside diameter of pipe

De m Mean outside diameter
ds Sogket-instdediametet
e Nominal wall thickness
[ Wal|l thickness at socket cylindrical part
ey Wa|! thickness at socket groove
A Spipot length

length of engagement
A Sogket depth
Figure 1%~ Dimensions
1§ Nofninal length of pipe
NOTE 1  The mganings of symbols A, B, C and /1 are il-

lustrated in the rgspective figures.

4 Material

41 The mate
poly(vinyl chlor

rial shall consist substantially of
de) (PVC) to which may be added

only those addifjves that are needed to facilitate the

manufacture of
good surface
opacity.

sound, durable pipes and fittings of:
finish, mechanical strength gnhd

When sealing rings are retained by means of re-
taining caps or| rings, the retaining cdps or rings
may be made fijom polymers other thran-PVC-U pro-

vided that they
mensions and
sockets with eit

4.2 The use O
work material c
in 4.1 is permis
be used.

conform to the same functional di-
test requirements: as applied to
her loose or fixed sealing rings.

f the manufacturer’s own clean re-
bnforming to the requirements given
5ible. 'Wo other rework material shall

5.1.1 Outside diameter

The nominal outside diameter D shall be in|accord-
ance*with table 2 and figure 1.

Table 2 — Nominal outside diameter
Dimensions in npillimetres

110 | 125 | 160 | 200 | 250 | 315 | 400 | 50 630

NOTE 3 Table2 will be extended to include djameters
up to 1000 mm when the relevant information has been
presented and accepted.
Tolerances on outside diameters shall bg those
given in ISO 3606.

5.1.2 Wall thickness

5 Geometrical characteristics

NOTE 2

The figures are schematic sketches only, to

help demonstrate relevant dimensions. They do not

necessarily repre

sent manufactured components.

Tre omimatwattthitkmesseshattbeimraccordance
with table 3 and figure 1. The choice of a size range
is left to the national standards bodies.

Tolerances on wall thickness shall be those in

1ISO 3606.
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Table 3 — Nominal wall thickness
Dimensions in millimetres

ISO 4435:1991(E)

5.1.3 Length of pipe

The nominal length of pipes with
sidered to be the distance between
the socket depth (see figure 2).

sockets is con-
the ends minus

The lengths may be supplied as agreed between

purchaser, user and manufacturer.

Nominal wall thickness, ¢
Nominal Reference stiffness, kN/m2 1)
9uts:de 9 4 8
diameter
D Pipe series 2)
325 526 54673

110 — 3 32

125 3 3,1 3,7

160, 3,2 4 47

200 3,9 49 59

250 49 6.2 7.3

315 6,2 7.7 9,2

400 7.8 9,8 "7

500 9,8 12,3 14,6

630 12,3 15,4 18,4

1) Theg reference stiffness values are given as a
guide, fnd may be determined by the method given
in 1ISO P969.

2) Thq number of the wall thickness range generally
follows|the pipe series (S) used in 1SO 4065 except
that th¢ minimum wall thickness is 3 mm.

3) Deyiates from ISO 4065 for technical reasons!

5.1.4 Integral pipe sockets’and spig

The basic dimensions shall be in 4
table 4 anddtable 5 and figure 3, figun
figure 6, With" e, i, = 0.9¢ and ez in

e3 minnapplies only to those parts
zone-where the fluid contained
c@mes into contact with the socket.
of the socket which do not come into
fluid, i.e. beyond the designated
walls thinner than e, are permitted.

Nominal Length of pipe, {

ot ends

ccordance with
e 4, figure 5 and
= 0,75e.

bf the ring seal
vithin the pipe
For those parts
contact with the
[ing seal point,

Figure 2 — Length of pipe
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Table 4 — Single sockets and spigot ends for
elastomeric sealing ring joints
Dimensions in millimetres

The A, values have been chosen mainly on the
basis of experience with pipes of 5 m length.

The B values may be smaller for constructions with
sealing rings firmly fixed in the groove of the socket.

and Cp .y

as this

I Socket Spigot end
r:?l?;:g: ocke plgot en ll, min = Cmax + Amin
diamet d, A B C l H , _ , )
fameter ' Where sealing rings are firmly fixed and have mul-
D min. | min. | min. | max. | min. | = tiple sealing zones, the dimensions A,
should be measured to the effective sealing point
110 1104} 32 6 22 54 6 as specified by the manufacturer (see figure 5).
125 12541 35 7 26 61 6
160 16¢75T 42 9 32 4 7 Cax SHoOuld then be checked with a gauge
200 209,650 12 40 90 9 dimension determines the tightness of the,jo[nt.
250 250,81 55 18 70 125 9
315 31 62 | 20 | 70 | 132 | 12 Retaining caps or rings may be madé\to other de-
ggg gg g ;738 g‘g Zg :gg }g signs and from polymers other than unplasticized
’ poly(vinyl chloride) provided that.the finished joint
630 631,91 93 34 95 188 23 . .
conforms to the same functionaltest requirements.

The performance of a joint made between a single
socket and a pipe spigot shall be determined as
specified in 9.1.2.4 (angular deflection test) and/or

9.

1.2.5 (combined test).

Anin for D < 200)mm shall be 0,2 D + 10 mm.

A

for D > 250/mm shall be 0,1 D + 30 mm.

min

Table 5 — Sockets and spigot ends for cemented-type joints

Where a sealing ring is retained by means ¢f a re-
taining cap or ring, thexwall thickness in thjs area
shall be calculated by the addition of the wall thick-
nesses of the corresponding places of the|socket
and the retaining)cap or ring (see figure 4 fof an ex-
ample). In all*cases the components shall mleet the
functional téstrequirements.

Dimensions in m|ilimetres

Socket
Nominal Spigot end
outside X series socket!) Y series socket!)
diameter
D d ds d, d, A 1, /
min. max. min. max. min min. 3
110 110,2 110,6 110,4 110,8 48 54 6
125 125,2 1257 125,4 125,9 51 61 b
160 160,2 160,7 160,5 161,0 58 74 f
200 200,2 2008 200,6 2011 66 90 b

1) To form the $ubject of a future International Standard.
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Figure 3 — Basic dimensions of single sockets and spigot ends for elastomeric sealing ting joints
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Figure 4 — Example of a seal retaining cap
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Figure 5 — Effective sealing point
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Fig

5.2 Dimensior
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s of fittings

5.2.1 Outside diameter

The nominal outj
spigot end shall

5.2.2 Wall thick

5.2.21 The no
fitting shall com

of a fitting shall

ide diameter D for the length of the
be as given in 5.1.1,

hess

inal wall thickness of the body of a
ly with the values given in table@.

e in accordance with the'\values of

5.2.2.2 The mir}mum wall thickness of thelsocket

e, and e; given i

The construction
stiffness of the fi
of the pipe in thg

5.2.2.3 Where 4

51.4.

of the fitting shalkbie such that the
ting is at least equal to the stiffness
same series:

sealing<ring is retained by means

of a retaining ¢

p or ring, the wall thickness in this

ure 6 — Basic dimensions of sockets and spigot ends for cemented-type joints

area shall be cdlculatéd by the addition of the wall
thicknesses of |the) corresponding places of the

@0

5.2.3 Internal diameter

The internalkdiameter of the socket shall be gs given
in table 4.

5.2.4-\Socket and spigot ends

The dimensions shall be as given in 5.1.4.

5.2.41 Fittings with elastomeric sealing rings

5.2.41.1 Single-socket fittings

Dimensions shall be as given in table 4 and figure 7.

Outside diameters other than those of the| socket
shall be those of the pipe.

5.2.41.2 Double-socket fittings

Dimensions of each socket shall be as dfiven in
table 4 and figure 8.

5.2.4.2 Fittings with cemented joints

socket and the retaining cap or TMy (See figure4-for
an example). In all cases the components shall meet
the functional test requirements.

Retaining caps or rings may be made to other de-
signs and from polymers other than unplasticized
poly(viny!l chloride), provided that they conform to
the same functional test requirements.

For single-socket fittings, dimensions shall be as
given in table 5.

5.2.5 Basic dimensions

Basic dimensions of fittings shall be calculated in
accordance with ISO 265-1.
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Figure 7 — Dimensions of single-socket fittings

|
s, |

6 Mechanical-test requirements

Figure 8 — Dimensions of double-socket fittings

Table 6 — Internal pressure test fequirements

6.1 Pipes Circumferential Minimum time to Test
stress bursting temperature

6.1.1 ILd-sfmrgfb P n oC
The true impact rate (TIR) shall not exceed 10 % at 42 1 20

20 °C, when the pipe is tested in accordance with

1ISO 3127. 102) 1000 60
6.1.2 Internal pressure test 1) 1 MPa = 1 N/mm?2

. . 2) This is a material type test.
When tested in accordance with the method de-

scribed in 1SO 1167, the pipe shall meet the re-

quirements of table 6.
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6.2 Fittings

6.2.1 Impact strength of injection-moulded and
fabricated fittings

For this test, fittings shall be conditioned for 30 min
at a temperature of 0 °C + 1 °C. Within 10 s after the
conditioning treatment, five fittings of each diameter
and type shall be dropped freely in various positions
on to a flat concrete floor from a height of
1m + 0,05 m.

7.2.1.2 Oven test

The fittings shall meet the requirements of ISO 580.

7.2.2 Fittings manufactured from pipes

The fittings shall meet the requirements specified in
7.1.1.

The pipes used for manufacturing such fittings shall
meet the requirements specified in 7.1.1 and 7.1.2.

If none of the sppcimens is damaged in the test, the
fittings shall be pccepted. If one fitting is damaged,
the test shall bg repeated with five other fittings.
None of these lajst five fittings shall be damaged.

NOTES

4 This is an opt|onal test to be carried out only if re-
quired in a national standard, but is mandatory for fittings
with retaining cap$ or rings and for fittings fabricated from

pipes.

5 In the context ¢f this test, “"damage” means any visible
split or any compllete breakage in the body of the fitting.
Surface scratche{ scuffing, or chipping of edges which
may occur in the flest does not constitute damage.

6.2.2 Fittings manufactured from pipes

The pipes used for manufacturing such fittings shall
meet the requirgments given in 6.1.1 and 6.1.2.

7 Physical test requirements

7.1 Pipes

7.1.1 Vicat softening temperature
The Vicat softeming temperature shall not be less

than 79 °C -whégn determined in accordance with
1ISO 2507.

7.1.2 Reversion

8 Elastomeric sealing elements (rings)

8.1 Dimensions

The dimensions of the sealing”elements gre de-
pendent on the specific jointing system arld shall
meet the manufacturer’s.$pecification.

8.2 Requirements

Elastomeric sealing rings shall be free frdm sub-
stances (for.example plasticizers) that can|have a
detrimental effect on the poly(vinyl chloride) of the
pipes and/or fittings.

Forfurther requirements for rubber sealing rings for
drainage purposes, see ISO 4633.

Where the design of the socket is such that the
sealing ring is not firmly fixed in position, the hous-
ing for the ring shall be so designed as to nfinimize
the possibility of the ring being dislodged dufing the
insertion of the pipe spigot to complete the jpint.

9 Joint assemblies

9.1 Elastomeric sealing ring joints
9.1.1 Test requirements

9.1.1.1 Internal hydrostatic pressure

The longitudinal reversion shall not exceed 5 %
when determined in accordance with ISO 2505.

7.2 Fittings
7.21 Injection-moulded fittings

7.21.1 Vicat softening temperature

The Vicat softening temperature shall not be less
than 77 °C when determined in accordance with
ISO 2507.

Whentested by the—methoddescribed—in3-+2.1, the
joint shall withstand an internal water pressure of
up to and including 0,05 MPa (0,5 bar) without
leakage.

9.1.1.2 External hydrostatic or internal negative air
pressure

When tested by the method described in 9.1.2.2, the
joint shall withstand either an external water press-
ure from 0 up to and including 0,05 MPa (0,5 bar) or
alternatively an internal negative air pressure of
0,03 MPa (0,3 bar) [ie. 0,07 MPa (0,7 bar)
absolute].
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9.1.1.3 Diameter distortion

When tested by the method described in 9.1.2.3, the
joint shall withstand an internal water pressure from
0 up to and including 0,05 MPa (0,5 bar) without
leakage.

9.1.1.4 Angular deflection

When tested by the method described in 9.1.2.4, the
joint shall withstand an internal water pressure from
0 up to and including 0,05 MPa (0,5 bar) without

ISO 4435:1991(E)

9.1.2.2 External hydrostatic or internal negative air
pressure test

The test apparatus shall be the same as that de-
scribed in 9.1.2.1, except that means shall be pro-
vided for applying external water pressure (see
figure 9) or alternatively for providing an equivalent
negative pneumatic pressure (partial vacuum) in-
side the test assembly (see figure 10). When tested
by the vacuum method, the leaktightness shall be
measured with a precision vacuum manometer.
During the test period of 15 min, the external water

leakage.

.5 Combined test requirements (alternative to
9.11.1t0 91.1.4)

When testpd by the method described in 9.1.2.5, the
joint shalll perform satisfactorily in the prescribed
combinatipn.

9.1.2 Test methods

The tests|shall be carried out at an ambient tem-
perature df 23 °C + 2 °C using cold water.

9.1.2.1 Internal hydrostatic pressure test

The appatatus shall consist of end-sealing devices
of size anld design appropriate to the type of joint
assembly under test.

The sealiflg devices shall not exert axial loads on
the joint apsembly prior to the application of the test

pressure snalt not dimmish by morg than, or the
variation in negative atmospheric pressure shall not
exceed, 10 % of the required)ynegative testing
pressure.

9.1.2.3 Diameter distortion test

The general features of the apparatug shall be as
shown in figure ™ and the apparatus ghall be capa-
ble of permitting simultaneously the application of a
constant distorting load and an incregsing internal
hydrostatic pressure. The distorting |oad shall be
applied”’by means of a hydraulic jack acting on a
beam which is free to move in the yertical plane
through the axis of the pipe. A jig may be provided
to hold the connecting pipes in the dqockets of the
fitting against the end thrust due to the test press-
ure. The apparatus shall not otherwise support the
joint against the internal test pressure

pressure.

One end-
source of
be provid
hydrostati
pressure §
less than
maintaine

sealing device shall be corfnected to a
hydrostatic pressure. A bleed valve shall
bd to enable all air to(bg”vented when
~ pressure is applied, . The hydrostatic
hall be raised slowly,over a period of not
15 min to 0,05 MPa\0,5 bar) and shall be
i at that presstrefor at least 15 min.

The distortion load shall be applied t
as to cause a 5 % reduction in the or
diameter of the pipe measured at a d
proximately 0,50 (with a minimum of
the mouth of the socket. With the d
maintained, the water pressure sh4g
slowly to 0,05 MPa (0,5 bar) over a per

O the pipe so
iginal outside
stance of ap-
100 mm) from
istortion load
Il be raised
od of not less

than 15 min and shall be maintained for at least

15 min.
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Connectlon to

X/\ Alr release valve

Valve

Manometer
hydrautic pump Intet —"=qu : /

<

w AMARELELLANRRLARAAR AR

Nipple ——

Press(ire vessel

Z
IS

Connection nipple

AAAANNANHATESESAANSANSANNSAA.

Cover flange

Figure 9 — Apparatus for the external hydrostatic test

Gauge

Negative alr pressure
] ——

[

End seal Socket under test

Figure 10 — Apparatus for the internal negative air pressure test

10
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Dimensions in millimetres

1000

1000

~ 05D {min. 100)

Bleed valve

Socket firmly fixed

P
| Hydrostatic

pressure ]

— T

7

9.1.2.4 Angular deflection test

an assembled pipe joint\either by supporting the
socket of fhe fitting apd* displacing the ends of the
pipe, or alternatively )by supporting the ends of the
pipe and displacing'the socket of the fitting; it shall
also be capable‘of permitting application of the test
pressure e{:‘, described in 9.1.2.1.

The apparFtus shall be capable of axially deflecting

“— End seal AdJustable support
Measuring point for
Socket support plpe distortion
A-A
[ﬁf _____ ____j" l]

1] T

Rubber pads | |

{optional) —4 - --L— -
i ]

Figure 11 —)Apparatus for the diameter distortion test

Distortion load

=

inserting the
b a socket in

The free angle « is determined by
spigot end of a 1 m length of pipe int
well lubricated conditions, and then exprting a force
I’ (at the far end of the pipe) in a plane parallel to the
axis of the pipe. The force F, in newtons, is related
to the nominal outside diameter of the pipe D, in
millimetres, by the equation

F=0,1D

k.

A jig shall be provided which will hold the connect-
ing pipes in the sockets of the fitting against the end
thrust due to the hydrostatic pressure. The appar-
atus shall not otherwise support the joint against the
internal test pressure. The spigot end shall be fully
inserted.

The total deflection consists of « + f (see
figure 12), where a is defined as the free angle and
depends on the design of the socket.

[’)‘ stheforced dnyic ard—shat-thave—avalue of 2°.

The pipe shall be completely filled with water and
left in this condition for not less than 5 min with the
angular deflection maintained; the water pressure
shall then be increased slowly to 0,06 MPa (0,5 bar)
over a period of not less than 15 min and shall be
maintained for at least 15 min.

This test shall be performed with the pipe deflected
in both the horizontal and vertical directions.

1"
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Posltion 1 ]l Neutral position
(24
Poslition 2 ___ Deflectlon X
(free angle)
Position 3 . Deflection & + 3

9.1.2.5 Combined test (alternative to 9.1.2.1 to

9.1.2.4)

The combined

a) the test a

test shall be carried out as follows:

tsembly shall be filled with water as

specified ip 9.1.2.1;

b) the distort
described
pressure i

on of the pipe shall be carried out as
in 9.1.2.3 (no additional hydrostatic
to be applied);

c) the angulgr deflection shall be applied as.de!

scribed in

9.1.2.4, maintaining the distortion;

d) after applying the distortion and angufar deflec-

tion to the

pipe, the internal water \pressure of

the test agsembly shall be raised ‘stowly over a

period of
(0,5 bar),
15 min;

e) then carry
test as de
diameter g
deflection

not less than 15-min to 0,05 MPa
ind shall be maintained for at least

out the internal negative air pressure
scribed«in/9.1.2.2, combined with the
istortion test (9.1.2.3) and the angular
est\(9:1.2.4).

Figure 12 — Angular deflection test

(free and forced angles)

10 Delivery conditions

10.1 Appeatance

The internal and external surfaces of pip
tings.shiall be smooth, clean and free from
blistering and any other surface defect.
terials shall not contain visible impurities
Pipe ends shall be cleanly cut and the e
pipes and fittings shall be square with the

pipe.

10.2 Colour

s and fit-
grooving,
The ma-
or pores.
hds of the
axis of the

The colour of pipes and fittings shall ngrmally be

brown or grey.

However, white pipes and filtings may bg
as agreed between purchaser or user a

supplied
nd manu-

facturer in countries where high resistande to solar

radiation is a specific requirement.

11 Marking

Pipes, fittings and sealing rings shall b

e marked

9.2 Cemented joints

9.21 Test requirements

When tested
joint shall w
leakage.

by the method described in 9.2.2, the
ithstand the test conditions without

9.2.2 Test method

The test shall

12

be carried out as described in 9.1.2.1.

clearly and indelibly so that Tegibilily is maintained
for the life of the product under normal conditions

of storage, weather and use.

The markings may be integral with the product or

on a label. The markings shall not da
product.

11.1 Pipes

mage the

Pipes shall be marked with at least the following in-

formation:

— manufacturer’'s name or trade mark;
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pipe material;
nominal diameter of pipe;
nominal wall thickness of pipe;

manufacturing information, in plain text or in
code, providing traceability of the production pe-
riod to within the year and month and the pro-
duction site if the manufacturer is producing at
several national or international sites;

ISO 4435:1991(E)

— manufacturing information, in plain text or in
code, providing traceability of the production pe-
riod to within the year and month and the pro-
duction site if the manufacturer is producing at
several national or international sites (may be
given on packing only, provided this information
is not required on each article by national auth-
orities);

— the number of this International Standard (may
be given on packing only, provided this infor-
mation is not required on each article by national

the number of this International Standard.

Pipes with Ja nominal laying length up to and includ-
ing z, metijes shall be marked at least once. Pipes
with a nomfinal laying length greater than z, shall be
marked at|intervals of z; metres at the most. The
values of g, and z; shall be as specified by the
authorities|in each country.

11.2 Fittings

Fittings shall be marked with at least the following

information:

manufagturer’'s name or trade mark;

fitting material (may be given on packing only in
the cas¢ of PVC, provided this information is not
requiredl on each article by national authorities);
nomina| diameter of fitting;

classifigation (where applicable);

values ¢f angles, if any;

authorities).

11.3 Sealing rings

Sealing rings shall be marked with at [least the fol-
lowing information:

— manufacturer’s n@ame or trade mark|
— nominal dimension of ring;

— manufattiwing information, in plain text or in
codeyproviding traceability of the production pe-
riod\lo within the year and the production site if
mvanufacturer is producing at several national or
international sites.

No markings are required on sealing rirjgs which are
moulded to pipes or fittings or any gqther marked
component.

11.4 Designation of the material (ip
accordance with ISO 1043-1)

PVC-U
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Annex A
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