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LAYING PLASTIC PIPES ABOVE GROUND

5.3.4 Loads on anchors

Plastic pipes laid above ground require a fixing sys-
tem. The fixing system must assure that the pipeline
is sufficiently supported, properly positioned, and
designed so that no loads beyond permissible limits

occur during operation from inadequate fixing.

A fixing system needs a number of different installa-
tion devices with various functions. An essential ele-
ment of installation is the immovable anchor; its
restraining function requires it to accept the greatest
forces.

Loads on an anchor element derive from the following
test and working conditions:

Internal pressure test

Restraining expansion/contraction

Friction with pipe supports

Internal pressure when bellows-type expansion

joints or socket expansion joints are used

Without calculations it is not possible to know which
of these will give maximum load. Since operating
conditions vary widely, this simplified determination
of pipelaying parameters will consider only the load
on anchors in the longitudinal pipe direction from
restraining thermal expansion. For various materials,
diagrams are provided to determine this load (see
section 10 Explanations [6]).

The anchor load just determined is restricted to load
from prevention of thermal expansion. Now other
influences on the anchor load will be examined (see
section 10 Explanations [7]).
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Anchor load Fp [kN]
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Anchor Forces in Axially Constrained Plastic Pipelines
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5.3.5 Distance between mounting devices

When installing plastic pipelines above ground, it
must be assured that pipe movement and sagging
remain within permissible limits. The relevant factor
for the permissible magnitude of sagging (bending
between supports) is given by the elastic line of a
solid beam of the same cross section as the pipe.
Typical values are: f = L/500 to L/750.

Here:
L = spacing between supports or hangers

f = largest deflection between supports or hangers

Sag considerations depend on the lifetime selected
for the pipeline. Typical lifetimes for industrial and

public works supply lines are given in sec. 4.2.2.

Besides sagging, which affects the required distance
between supports, one must consider a second fac-
tor: the danger that the plastic pipeline collapses.
This collapse (buckling under axial compression) can
happen if the pipe run is prevented from expanding
from temperature increase, and is in essence axially

constrained.

Table 7: Support spacing and required guide distance

LAYING PLASTIC PIPES ABOVE GROUND

This prevention of expansion leads to compression
stress. At high stress, the critical collapse load can
be exceeded. This leads to instability in the pipe
length, which can be regarded as a “support”,
between adjacent mounting points. To prevent col-
lapse, the pipe mounting distance = the distance
between guides has to be suitable for the critical col-
lapse load. That is, the larger the collapse load, the

closer together the guides must be.

These plastic pipeline behaviors must be prevented
by limits on the support span. SIMONA Diagrams
address this problem. The danger of collapse affects
mostly small-diameter pipe; for which the permissible
distance between supports must be small to prevent
sagging as well.

What is more important, the permissible support
interval or required distance between guides depends
on material, temperature, and diameter. This informa-
tion is given in Table 7 for the cases considered in
the SIMONA Diagrams.

Material T, Ruling Measurement T, Ruling Measurement
Lsupp Lguude Lsupp Lgmde
PE < 30°C d, > 32 d, <32 > 30°C d, > 75 d < 75
PP < 40°C d,>75 d, <75 > 40°C d, > 140 d, <140
PVDF < 40°C d, > 63 d, <63 > 40°C d, > 110 d, <110

08/2010 Engineering Manual for Piping Systems SIMONA
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LAYING PLASTIC PIPES ABOVE GROUND

The table shows, for pipelines made of different ther-
moplastics, which of the two factors is most impor-
tant. Looking at line 1, for PE pipe, one sees that for
pipes of diameter d_, = 40 mm or larger and working
temperature up to 30°C, the support distance Lsupp is
the limiting distance. This also implies that all pipes
with diameter under d, of 40 would collapse under
thermal expansion if supports are no closer than at

the support distance designed to prevent sagging.

If working temperature is above 30°C, then the limit
for using the customary support distance (preventing
sagging) without danger of collapse goes from

d, =32 tod, =75 mm. Customary distances means
those given in DVS Guideline 2210-1.

The SIMONA diagrams have been composed to avoid
differentiating in this way. They integrate the two pos-
sibilities, so that a safe pipe installation is possible,
whether the pipe is free to expand or is axially con-

strained by anchors.

When using the diagrams, note that they are for the
case of water and other materials with density

1.0 g/cm?, which do not compromise the mechanical
properties of the pipeline material. Some materials
transported in pipelines can cause e.g. swelling and
compromise the strength properties. Please refer to
SIMONA® SIMCHEM for information regarding through-
put materials.

This example demonstrates how to determine the

permissible mounting distance for a thermoplastic
pipeline by using SIMONA Diagrams (see section 10
Explanations [8]).
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Supported Distances for

PE 80/PE 100 Plastic Pipelines

Transported substance density [g/cm?]

Pipe Wall Temperature [°C]
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Permissible Support Distance L, [mm]
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Permissible Support Distance L, [mm]

Supported Distances for
PVDF Plastic Pipelines
de =125t0225
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5.4 Testing

For testing pipelines installed above or below ground,
the sole responsibility lies with the (technically

trained) builder of the pipeline.

Generally accepted technical practice in pipeline con-
struction and the standards and guidelines currently

in effect (e.g. DVS Guidelines) are to be followed.

5.4.1 Testing plastic pressure pipelines

DVS Guideline DVS 2210-1 and supplement 2
(Industrial pipe systems), DIN EN 805/DVGW W 400-2
(watersupply systems) stipulate that plastic pipelines

are to be tested with internal pressure testing.

Destructive testing serves mainly to prove strength
properties, e.g. of welds. Internal pressure tests are

typically carried out on fully installed pipelines.

5.4.2 Testing plastic pipelines not working
under pressure

Testing of plastic pipelines not working under pres-
sure, e.g. underground sewers, follows the directions
in DIN EN 1610 (the elder DIN 4033) for laying and

testing wastewater pipelines and sewers.

08/2010 Engineering Manual for Piping Systems SIMONA
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6 Welding

6.1 Welding

6.1.1 Welding PE-HD, PP and PVDF pipes and fittings
6.1.2 Butt welding

6.1.3 Socket welding

6.1.4 Electro fusion welding

95
95
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101
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6.1 Welding

6.1.1 Welding PE-HD, PP and PVDF pipes
and fittings

PE 80, PE 100, PE 100 RC, PE-EL

According to the Technical Code DVS 2207, Part 1
the suitability requirement for welding is Melt Flow
Rate MFR 190/5 (Previously called MFI = Melt Flow
Index), i.e. 0.3-1.7 g/10 min.

PP-H, PP-R

With Melt Flow Rate within MFR 190/5, i.e. 0.4 —
1.0 g/10 min., these are suitable for welding. Please
refer to Technical Code DVS 2207, Part 11.

Fundamentally the same welding suitability holds for

PP-H or PP-R with the same parameters.

PVDF

With Melt Flow Rate within MFR 230/5, i.e.
1,0-25g/10 min. Please refer to Technical Code
DVS 2207, Part 15.

08/2010 Engineering Manual for Piping Systems SIMONA

General requirements

The welding area is to be protected from harmful
weather, e. g. moisture, wind, intense sunlight, and
temperatures below 5°C.

When an even, appropriate welding temperature can
be maintained for the pipe walls, then welding is
possible at any outside temperature. This may involve:
Preheating
Protective shelter

Heating up.

In direct sunlight, cover the weld area in advance, to
allow temperature differences in unevenly warmed
pipe to equalize. In strong wind, close off the extreme
ends of the pipe segments to prevent cooling the

weld during the welding process.

Welding methods
To achieve a permanent bond with SIMONA® pipes
and fittings, we recommend the processes that have
proven themselves in practice:

butt welding

socket welding

electro fusion welding.
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WELDING

6.1.2 Butt welding

Before butt welding, the two surfaces to be welded
are heated to welding temperature by a heating plate.
It is then removed and the two plasticized surfaces

are pressed together to form a weld.

heated tool

pipe ? pipe
s [

heating

f\//\7

finished weld

A —- 1 A1 %ﬁ

f\/’\7

N

Fig. 2: Heated tool butt welding

Weld preparation

The pipeline components are laid out axially before
being clamped into the welding machine. The part to
be welded on must be free to move along the axis,

with the help of e.g. adjustable pulleys if necessary.

With a planer, machine off the surfaces to be bonded,
after they have been clamped into place. If swarf
happens to fall into the pipe, use a clean tool to
remove them. A hand must never touch the surfaces

planed for welding.

96

After planning, check that the surfaces are parallel.
Any gap remaining must be no greater than the maxi-
mum in Table 9. As well, check that any mismatch of
the pipe ends is smaller than 10% of the pipe wall
thickness. If not, the wall thicknesses are to be mat-

ched around the weld by machining.

Table 9: Maximum gap before welding

Pipe d Max. gap

< 355 ©5
400 to < 630 1.0
630 to < 800 1.3
800 to < 1000 1.5

Welding process

The heating plate is heated to welding temperature
and placed between the surfaces to be welded. They
are pressed against the heated tool with the correct
matching pressure. The temperature is monitored

with a rapidly registering surface thermometer.

The force for matching or welding can be calculated
from the weld surface and the specific pressure.
Usually the welding machine manufacturers give pres-
sure values in table form, since most machines work
with hydraulics, not with measured forces. To this
pressure value, add the drag pressure from the move-
ment of the work piece. The latter is influenced by
friction of machine parts and the weight of the pipes
and fittings to be welded.

Bead-up time is completed only after a bead (accor-
ding to Tables 10-12) has formed completely around
both ends to be welded. The heating time begins at

this point, and the pressure is reduced to nearly zero.

After heating, the fusion surfaces are detached from
the heating plate without damage or contamination.
The time for detaching the fusion surfaces, removing

the heating plate, and bringing the fusion surfaces

SIMONA Engineering Manual for Piping Systems 08/2010



WELDING

Never accelerate weld cooling or apply coolant to the

pressure

area. For pipe walls 20 mm or more in thickness, an

even cooling for a better weld can be achieved by

covering the weld area during the cooling phase. After

Matching pressure
Welding pressure

welding a double bead must go completely around the
weld, as in Fig. 4.

If the bead is to be removed, it should be done

heating pressure
Beat-up time
Welding pressure
build-up time

Matching time Cooling time

Changeover time

before the weld is entirely cooled down. Machining

Fusion time

Welding time the bead off the cold weld runs the risk of causing

dents. With brittle materials like PVDF it can cause

Fig. 3: Steps in heated tool butt welding chipping

into contact with each other is called the changeover ~

<

time. It should be kept as short as possible. 7""

The weld surfaces should be brought into contact

gently, at extremely low speed. Then pressure is slow-
ly increased (for times see Tables 10-12), then g g
maintained until cooling is complete.

Fig. 4: Bead from butt welding

Table 10: Recommended values for butt welding, PE 80/PE 100/PE 100 RC/PE-EL pipes and fittings ©

Matching @ Heat up® Changeover Welding ®
Wall thickness Heat up time starts Heat up time Changeover time Weld pressure Cooling time
build-up time
mm mm s s (max. time) s min (min. time)
up to 4.5 0.5 45 5 5 6
4.5-7 1.0 45-70 5-6 5-6 6-10
7-12 1.5 70-120 6-8 6-8 10-16
12-19 2.0 120-190 8-10 8-11 16-24
19-26 2.5 190-260 10-12 11-14 24-32
26-37 3.0 260-370 12-16 14-19 32-45
37-50 3.5 370-500 16-20 19-25 45-60
50-70 4.0 500-700 20-25 25-35 60-80

@ For outdoors temperature about 20°C and moderate air movement

@ Height of bead on the heated tool at the end of the matching time (matching at < 0.15 N/mm?)

® Heated tool temperature is 210 + 10°C, heat up time = 10 x wall thickness (heat soak at < 0.02 N/mm?)
@ Cooling time at welding pressure (p = 0.15 £ 0.01 N/mm?)
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WELDING

Table 11: Recommended values for butt welding, PP-H/PP-R pipes and fittings ©

Matching @ Heat up® Changeover Welding®
Wall thickness Heat up time starts Heat up time Changeover time Weld pressure Cooling time
build-up time
mm mm s s (max. time) s min (min. time)
up to 4.5 0.5 up to 135 5 6 6
4.5-7 0.5 135-175 5-6 6-7 6-12
7-12 1.0 175-245 6-7 7-11 12-20
12-19 1.0 245-330 7-9 11-17 20-30
19-26 1.5 330-400 9-11 17-22 30-40
26-37 2.0 400-485 11-14 22-32 40-55
37-50 2.5 485-560 14-17 32-43 55-70

@ The particular machine and working conditions may make it impossible to use these recommended values, especially the heat up time.

If so, test samples should be made and tested.

@ Heated tool temperature is 210 £10°C. Height of bead on the heated tool at the end of the bead-up time (matching at 0.10 N/mm?)

® Heat up at < 0.02 N/mm?
@ Cooling time at welding pressure (p = 0.10 £0.01 N/mm?)

Table 12: Recommended values for butt welding, PVDF pipes and fittings ©

Matching @ Heat up® Changeover Welding ®
Wall thickness Heat up time starts Heat up time Changeover time Weld pressure Cooling time
build-up time
mm mm s s (max. time) s min (min. time)

1.9-3.5 0.5 59-75 3 3-4 5-6

3.5-5.5 0.5 75-95 8 4-5 6-8.5
5.5-10.0 0.5-1.0 95-140 4 5-7 8.5-14
10.0-15.0 1.0-1.3 140-190 4 7-9 14-19
15.0-20.0 1.3-1.7 190-240 5 9-11 19-25
20.0-25.0 1.7-2.0 240-290 5] 11-13 25-32

@ The particular machine and working conditions may make it impossible to use these recommended values, especially the heat up time. If so, test samples

should be made and tested.
@ Height of bead on the heated tool at the end of the matching time (matching at 0.10 N/mm?)
® Heat up time = 10 x wall thickness +40 s (heat up at = 0.01 N/mm?)
@ Cooling time at welding pressure (p = 0.10 N/mm? £0.01), cooling time = 1.2 x wall thickness + 2 min.
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6.1.3 Socket welding (HD)

In heated tool socket welding, pipe and fittings are
welded with an overlap. A heating tool (or tools) with
socket and plug-shaped faces is used to heat the two
pieces to be welded; they are then brought together
and fused. The pipe end, heating tool, and fitting
socket are matched so that fusion pressure is built
up during fusion.
When the pipe diameter is:

> 63 mm for PE 80, PE 100, and PP

> 50 mm for PVDF

a suitable welding equipment should be used.

heating plug heating socket

heating tool
fitting pipe
v

'S I

_—

K

W

— heating

4/“\_—4

finished weld

Fig. 5: Socket welding
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Weld surface preparation

The surfaces to be bonded are rough-turned or
scraped. The fitting is thoroughly cleaned with a clea-
ning solution, e.g. with alcohol and absorbent lint-free

paper.

The pipe end is machined down on the outside to a
15° slant on the last:
2 mm for diameters up to 50 mm

3 mm for larger diameters

Then it is marked to show how far it will be inserted

into the heating tool.

Welding process

The tools are heated to 260 £10 °C. The temperature
is monitored with a rapidly registering surface thermo-
meter. For heating, the fitting is slid onto the heating
tool as far as it goes, and the pipe is inserted up to
the mark. The parts are heated according to the times
given in Tables 13 and 14.

At the end of the heating time, the fitting and pipe
are removed from the heated tool with a jerk, and the
pipe inserted straight into the fitting, without twisting,
up to the pipe marking or a stop in the fitting. The
fused parts must cool undisturbed for the same time

as recommended for heating.
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WELDING

Table 13: Recommended values for socket welding, PE-HD and PP pipes and fittings ©

Pipe Heating time Changeover time Cooling time
d Pipe PN 10@ Pipe PN 6 ® max. permissible clamped total
mm s s s s min
16 4 6 2
20 B 4 6 2
25 7 @ 4 10 2
32 8 @ 6 10 4
40 12 &} 6 20 4
50 12 @ 6 20 4
63 24 12@ 8 30 6
75 30 15 8 30 6
90 40 22 8 40 6
110 50 30 10 50 8
125 60 35 10 60 8
@ For outdoor temperature about 20°C and moderate air movement
@ For PP. Not advisable for PE-HD.
® Not advisable at this wall thickness
Table 14: Recommended values for heated tool socket welding, PVDF pipes and fittings
Pipe Heating time Changeover time Cooling time
d max. permissible clamped total
mm s S s min
16 4 4 6 2
20 6 4 6 2
25 8 4 6 2
32 10 4 12 4
40 12 4 12 4
50 18 4 12 4
63 20 6 18 6
75 22 6 18 6
90 25 6 18 6
110 30 6 24 8
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6.1.4 Electro fusion welding (HM)

The surfaces to be welded, i.e. the pipe outer surface
and the socket inside surface, are heated to welding
temperature and fused by electric current, through the
resistance of wires within the socket.

Weld surface preparation

For a good electro fusion weld, clean surfaces are an
important factor. The pipe surfaces must be shaved
in the weld area. Then the burr on the inner edge
must be removed and the outer edge rounded, see
Fig. 7. The fitting is thoroughly cleaned inside with an
appropriate cleaning solution and absorbent lint-free
paper. In the weld area, the pipe may be out of the
round by no more than 1.5%. Otherwise clamps for

this purpose can be used to force roundness.

) fitting with .
pipe heating wires pipe
‘ 0l o ‘
N a N
( )
) K
N ] N
leads to
welding device
/ / heating
k IZ 7 A W
( )
) k
—_ Sy
O O finished weld
TRy
( )
) k
—_ SRy

Fig. 6: Electro fusion welding
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round of < —

I\zl
R

-

™

o -

=

remove burr

Fig. 7: Preparing pipe ends

When the fitting goes on to the pipe ends, keep it
straight along the axis and avoid forcing. This pre-

vents displacing and damaging the resistance wire.

Welding process

The welding device must match the fitting used.
Settings on the device are selected before welding,
according to the pipe diameter and nominal pressure.
Welding cables connect device and fitting. Fusion is
carried out automatically, and the weld is left at rest

until thoroughly cooled.

For all welding processes, the applicable DVS
Guidelines are to be followed.
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4 Classification of nominal diameters

7.1 Classification of nominal diameters for PE-HD and PP 103

7.2 Correlation between SDR and PN 104
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7.1 Classification of nominal diameters

for PE-HD and PP

Nom. pipe SDR 41 SDR 33 SDR26 SDR17® SDR11 SDR9 SDR 7.4
Diameter PN 2.5 PN3.2 PN 4 PN 6 PN 10 PN 12.52 PN 16®
DN d e e e e e e e
mm mm mm mm mm mm mm mm
6 10 1.8
8 12 2.0
10 16 1.8 2.2
15 20 1.9 2.3 2.8
20 25 2.3 2.8
20 32 4.4
25 32 1.8 2.9 3.6
32 40 1.8 2.3 3.7 4.5
32 50 6.9
40 50 2.0 2.9 4.6 5.6
40 63 8.6
50 63 1.8 2.0 2.5 3.6 5.8 7.1
50 75 1.9 10.3
65 75 1.9 2.3 2.9 4.3 6.8
65 90 10.1 12.3
80 90 2.2 2.8 3.5 5.1 8.2
80 110 12.3 15.1
100 110 2.7 3.4 4.2 6.3
100 125 11.4 14.9
100 140 19.2
125 125 3.1 3.9 4.8
125 140 3.5 4.3 5.4 8.0
125 160 14.6 17.8
125 180 24.6
150 160 4.0 4.9 6.2
150 180 10.2 16.4
150 200 22.3 27.4
200 200 4.9 6.2
200 225 6.9 8.6 12.8
200 250 22.7 27.9
200 280 38.3
250 250 6.2 7.7
250 280 8.6 10.7 15.9
250 315 28.6 35.2
250 355 48.5
300 315 7.7 9.7 12.2
300 355 20.1 32.2
300 400 44.7
350 355 8.7 10.9
350 400 15.3 22.7
350 450 40.9 50.3
400 400 9.8
400 450 13.8 17.2 25.5
400 500 45.4
450 450 11.0
450 500 15.3 19.1 28.4 45.4
500 500 12.2
500 560 17.2 21.4 31.7
500 630 35.7
600 630 15.4 19.3 24.1
600 710 27.2 40.2
700 710 17.4 21.8
800 800 24.5 30.6 45.3
900 900 27.6 34.4
1000 1000 30.6 38.2
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The table contains all conversi-
ons theoretically possible from
the measurement standards. Not
all measurement conversions
listed correspond to items we
produce. When selecting nominal
diameter, consider any flange
connection dimensions involved.

@ Includes SDR 17.6
® Mass standards and DIN 8077 contain
no measurements for PN 12.5 (SDR 9).
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7.2 Correlation between SDR and PN

PP-H
PE 80 PE 100 PE 80 AlphaPlus® PP-R PVDF E-CTFE
Safety factor SF 1.25 1.25 1.6 1.6 1.25 2.0 2.5

SDR PN®
51 2.5 3.2
41 3.2 4.0 2.5 3.1 3.9
33 4.0 5.0 3.2 3.9 4.9 10.0
26 5.0 6.3 4.0 5.0 6.2
22 6.0 ~7.6
21 6.3 8.0 5.0 16.0 10.0
17.6 ~7.6 ~9.7 6.0 7.5 9.3
17 8.0 10.0 6.3
13.6 10.0 12.5 8.0
11 12.5 16.0 10.0 12.5 15.5

9 ~16.0 20.0 12.5

7.4 20.0 25.0 ~16.0 19.8 24.5

6 25.0

@ PN applies to water at 20°C and a calculated service life of 50 years.
In the case of welded fittings made of pipe, pressure reduction factors may be applicable depending on the type.

Note

Some of the PE 100 fittings are indicated with the SDR denomination SDR 17/17.6. These items are produced
within the tolerance range of SDR 17 and SDR 17.6. These fittings can consequently be connected to component
parts of pressure rating SDR 17 or SDR 17.6 by heated element butt welding and, if suitable, by heated coil
welding (with elongated spigots) as well.
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Tolerances
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8.1.1 Wall thickness deviation limits 107
8.1.2 Average outer diameter deviation limits 108
8.1.3 Length deviation limits 108
8.1.4 Ovality deviation limits 109

8.2 Tolerances for pipes out of PVDF 110
8.2.1 Wall thickness deviation limits 110
8.2.2 Average outer diameter deviation limits 110
8.2.3 Length deviation limits 110
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8.1 Tolerances for pipes out of PE-HD
(PE 80, PE 100) and PP

8.1.1 Wall thickness deviation limits

Wall thickness deviation limits Wall thickness deviation limits °
Wall thickness Deviation limit® Wall thickness Deviation limit®
e +... e +...
mm 0 mm 0
<2 0.4 >40<41 4.3
>2<3 0.5 > 41 <42 4.4
>3<4 0.6 > 42 <43 4.5
>4<5 0.7 > 43 <44 4.6
>5<6 0.8 > 44 < 45 4.7
>6<7 0.9 > 45 < 46 4.8
>7<8 1.0 > 46 < 47 4.9 d
>8<9 1.1 > 47 <48 5.0
>9<10 1.2 > 48 < 49 5.1
>10<11 1.3 > 49 <50 5.2
>11<12 1.4 >50<51 5.3
>12<13 1.5 >51 <52 5.4
>13<14 1.6 >52<53 5.5
>14<15 1.7 >53<54 5.6
>15<16 1.8 >54 <55 5.7
>16 <17 1.9 > 55 <56 5.8
>17<18 2.0 >56 <57 5.9
>18<19 2.1 > 57 <58 6.0
>19<20 2.2 > 58 <59 6.1
>20<21 2.3 > 59 <60 6.2
>21<22 2.4 >60<61 6.3
>22<23 2.5 >61<62 6.4
>23<24 2.6 >62<63 6.5
>24 <25 2.7 > 63 <64 6.6
>25<26 2.8 > 64 <65 6.7
>26 <27 2.9 > 65 <66 6.8
>27<28 3.0 > 66 <67 6.9
>28<29 3.1 > 67 <68 7.0
>29<30 3.2 > 68 <69 7.1
>30<31 &.3 >69<70 7.2
>31<32 3.4
>32<33 &3
~>33<34 3.6 @ The values were calculated from the equation:

Wall thickness deviation limit = 0.1 e +

>34<35 3.7

0.2 mm, rounded up to the nearest 0.1 mm.
> 3536 3.8 This limit applies to the measured average
>36<37 3.9 value. The limit for any specific point on the
> 37 <38 4.0 circumference is 0.2 e for wall thickness
> 38 <39 4.1 e <10 mm, and 0.15 e for wall thickness
> 39 <40 4.2 e > 10 mm.
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TOLERANCES

8.1.2 Average outer 8.1.3 Length deviation
diameter deviation limits
limits
Average outer diameter deviation limits Length deviation limits
Outer Deviation Length Permissible
diameter limit®@ deviations
d, +... Coils +1%
mm 0 0%
10-32 0.3 (0.3) <12m +10 mm
40 0.4 (0.3)
50 0.5 (0.3)
63 0.6 (0.4)
75 0.7 (0.5)
90 0.9 (0.6)
110 1.0 (0.7)
125 1.2 (0.8)
140 1.3 (0.9)
160 1.5 (1.0)
180 1.7 (1.1)
200 1.8 (1.2)
225 2.1(1.4)
250 2.3 (1.5)
280 2.6 (1.7)
315 2.9 (1.9)
355 3.2(2.2)
400 3.6 (2.4)
450 3.8 (2.7)
500 4.0 (3.0)
560 4.3 (3.4)
630 4.6 (3.8)
710 4.9
800 5.0
1000 5.0

® The values were calculated from the equati-
on: Average outer diameter deviation limit
for d < 400 mm: + 0.009 d, rounded up
to the nearest 0.1 mm, but at least
0.3 mm
for d = 450 to 710 mm: 0.004 d +
2 mm, rounded up to the nearest
0.1 mm
for d = 800 to 1000 mm: +5.0 mm
for d = 1200 to 1600 mm: +6.0 mm
® The values in parentheses are reduced ave-
rage outer diameter limits applicable for
electro fusion welding: +0.006 d, rounded
up to the nearest 0.1 mm, but at least
0.3 mm.
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8.1.4 Ovality deviation
limits

Outer diameter deviation limit®

d Straight Coil @
mm lengths pipe
10 1.1 1.0
12 1.1 1.0
16 1.2 1.0
20 1.2 1.2
25 1.2 1.5
32 1.3 2.0
40 1.4 2.4
50 1.4 3.0
63 1.6 3.8 ; d }
75 1.6
90 1.8
110 2.2
125 2.5
140 2.8
160 3.2
180 3.6
200 4.0
225 4.5 ® The values were calculated from the equati-
250 5.0 on: Ovality deviation limit for SDR 17.6 pipe:
280 9.8 straight lengths: d < 75 mm: 0.008 x
315 11.1 d + 1 mm, rounded up to the nearest
0.1 mm
355 12.5 d =90 mm < 250 mm: 0.02 x d, roun-
400 14.0 ded up to the nearest 0.1 mm
450 15.8 d > 250 mm: 0.035 x d, rounded up to
500 17.5 the nearest 0.1 mm
560 19.6 coil pipe, d < 63 mm: 0.06 x d, rounded
630 201 up to the nearest 0.1 mm, but at least
710 24.9 .0:mm _
300 28.0 coil pipe, d = 75 mm: tolerance require-
ments to be specified in the terms of
1000 25.0

delivery (Source: DIN 8074/8077)
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8.2 Tolerances for pipes
out of PVDF (acc. to ISO 10931-2)

8.2.1 Wall thickness 8.2.2 Average outer 8.2.3 Length deviation
deviation limits diameter deviation limits
limits
Wall thickness deviation limits Average outer diameter deviation limits Length deviation limits
Wall thickness Deviation limit® Outer Deviation®@ Length Permissible
e .. diameter limit deviations
[mm] 0 d +... Coils +1%
1.5-2.0 0.4 [mm] 0 0%
2.0-3.0 0.5 5-50 0.3 up to6m +10mm
3.1-4.0 0.6 63-90 0.4
4.0-5.0 0.7 110 0.5
5.1-6.0 0.8 125 0.6
6.1-7.0 0.9 140 0.8
160 1.0
® The values were calculated from the equati-
. . o 180 1.1
on: Permissible wall thickness deviation
limit = 0.1 e + 0.2 mm, rounded up to the 200 1.2
nearest 0.1 mm. The limit for any specific 225 1.4
point on the circumference is + 0.2 e for 250 1.6
wall thickness e < 10 mm, and 0.15 e for 280 1.8
wall thickness e > 10 mm. This limit 315 2.0

applies to the measured average value.
@ The deviation limits are taken from

1SO 10931-2.
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9 Basic elements of the international system
of measurement (Sl)

9.1 Basic Units of the international unit system (SI) 113
9.2 Units of measurement 114
9.3 Comparison of UK and US units to metric units 116
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9.1 Basic units

In the following table we have
brought together for you the
internationally accepted units.
Parallel to them, we have listed
the units that are still accepta-
ble, and the conversion to units
that are no longer accepted.

It is often helpful to scale the
units up or down by decimal mul-
tiples or fractions of the units.
This is done with prefixes placed
before the unit name (see table).
Further, we have added a com-
parison of the British-US units to

the metric system.
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Basic Units of the International Unit System (SI)

of the international unit system (Sl)

Quantity Official unit Still acceptable Outdated unit
= Sl-unit unit Conversion
Mass
Per unit length kg/m
Per unit area kg/m?
Per unit volume kg/m?3 1 g/cm? = 10° kg/m?
Time
Velocity m/s 1 km/h = =% m/s
Volume flow rate m3/s 1 m3/s = 3600 m3/h
Mass flow rate kg/s 1 kg/s =3.6t/h
Force, Energy, Power
Force N 1 N=1kgm/s? 1kp=9.8N=10N
Pressure N/m? 1 N/mm? = 10 N/m? 1 kp/cm? ~ 0.1 N/mm?
Pa 1Pa=1N/m?
1 bar = 10° N/m? 1 bar=1.02 at
= 0.1 N/mm? = 0.987 atm
=10°Pa = 750 Torr
= 10° mbar = 1.02 kp/cm?
=10 m WC
1 mbar = 10 mm WC
Tension N/m? 1 N/mm? =1 MPa
=10° N/m?
Energy, work J 1J=1Nm 1 kpem =10.2 )
=1Ws 1 kecal = 4.184 KJ
1 kWh = 3.6 MJ
Power W 1W=11J/s 1PS =0.7353 kW
=1 Nm/s 1 kpm/s = 9.8 W
=1VA 1 cal/s =4.184 W
Impact energy Nm 1 kpcm ~ 0.1 Nm
~ 100 Nmm
Impact resistance J/m? 1 kl/m2 = ':‘T:nTn; 1kpcm/cm? ~ 1 kJ/m?
Heat
Temperature K 1K=°C-273.15
oot 1/K 1/K=1/°C 1 e = 1163 R
Heat conductivity % 1 m‘fﬁilc =1.163 %
Heat transmission %
Radiation 1rd=0.01J/kg
— 10°
Dose of radiation J/kg 1 Mrad _ 184 ;(jkg
113




9.2 Units of measurement

Name of decimal multiples and fractions of a unit

Multiple Power Prefix Symbol Decimal fraction Power Prefix Symbol
UK (US) of 10 UK/US of 10
10 10t deca- da 1:10 10 deci- d
100 102 hecto- h 1:100 102 centi- c
1000 10° kilo- k 1:1000 = 0.001 10 milli- m
1 Million 10° mega- M 1 : 1 million 10 micro- y
1 Milliarde 10° giga- G 1 : 1 milliard (1 : 1 billion) 10-° nano- n
1 Billion 10%2 tera- T 1 : 1 billion (1 : 1 trillion) 1012 pico p
1 Billiarde 101 peta- P 1 : 1 billiard (1 : 1 quadrillion) 101 femto- f
1 Trillion 1018 exa- E 1 : 1 trillion (1 : 1 quintilion) 1018 atto- a
Length units
m pm mm cm dm km
1im 1 10° 10® 102 10 1073
1pm 10 1 107 10+ 10°° 10°°
1 mm 107 103 1 10t 1072 10°
1cm 10 104 10 1 10* 10°®
1dm 10+* 10° 102 10 1 10+
1 km 10% 10° 10° 10° 10* 1
Length units
mm pm nm [A] pm [mA]
1 mm 1 103 10° 107 10° 10%°
1um 10 1 103 104 10¢ 107
1 nm 10° 107 1 10 10® 10*
1A 10”7 10+ 10t 1 102 10°
1 pm 10° 10° 107 102 1 10
[1 mA] 10 107 10+ 102 10* 1

A = Angstrom; 1 mA = 1 XU = 1 X-unit

Area units

m? Hm? mm? cm? dm? km?
1 m? 1 10%2 106 104 102 10
1 pym? 1012 1 10-° 10 10 108
1 mm? 10° 108 1 102 10+ 102
1 cm? 10+ 108 102 1 102 107
1 dm? 102 10%° 104 102 1 10
1 km? 108 108 10*? 10%° 108 1

114 SIMONA Engineering Manual for Piping Systems 08/2010



BASIS ELEMENTS OF SI

Volume units

m? mm? cm? dm3® km?
1ms 1 10° 10° 103 103
1 mm? 10° 1 103 10° 10
1cm? 10-° 103 1 103 102
1 dm? 102 108 103 1 1012
1 km? 10° 108 il = 1
®1dmi=11=1 Liter
Mass units
kg mg g dt t=Mg
1 kg 1 108 103 102 102
1mg 10° 1 102 108 10
1¢g 102 103 1 10-° 10-°
1dt 102 108 10° 1 10
1t=1Mg 103 10° 108 10 1
Force (weight) units
NO© KN MN [kp] [dyn]
1N 1 102 10-° 0.102 10
1 kN 103 1 103 0.102 - 103 108
1 MN 108 103 1 0.102 - 10° 104
@® 1N =1 kg m/s?=1 Newton
Pressure units
Pa N/mm? bar [kp/cm?] [Torr]
1Pa=1N/m? 1 10-° 10-° 1.02 - 10 0.0075
1 N/mm? 108 1 10 10.2 7.5-10°
1 bar 10° 0.1 1 1.02 750
[1 kp/cm? = 1 at] 98,100 9.81 - 102 0.981 1 736
[1 Torr]™ 133 0.133 - 10 1.33 - 103 1.36 - 10 1

Temperature units (conversion between Kelvin, Rankine, Celsius and Fahrenheit)

T = (% + 273-15)K =5 K T = temperature in Kelvin

T, = ( L 459.67)Rank = % - «Rank T, = temperature in Rankine

t = %( L 32)°C = (% - 273-15)°C t = temperature in Celsius

t = (% o 32)°F = ( e — 459-67)°F t. = temperature in Fahrenheit
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9.3 Comparison of UK and US units to metric units

Length units
in ft yd mm m km
1in 1 0.08333 0.02778 25.4 0.0254 -
1ft 12 1 0.3333 304.8 0.3048 -
1yd 36 3 1 914.4 0.9144 -
1 mm 0.03937 3.281-10° 1.094 - 10° 1 0.001 10°
1im 39.37 3.281 1.094 1.000 1 0.001
1 km 39.370 3.281 1.094 108 1.000 1
Area units
sq in sq ft sq yd cm? dm? m?
1 sqin 1 6.944 - 103 0.772 - 103 6.452 0.06452 64.5-10°
1 sq ft 144 1 0.1111 929 9.29 0.0929
1 sq yd 1.296 9 1 8.361 83.61 0.8361
1 cm? 0.155 1.076 - 10° 1.197 - 104 1 0.01 0.0001
1 dm? 15.5 0.1076 0.01196 100 1 0.01
1m? 1.550 10.76 1.196 10.000 100 1
Volume units
cu in cu ft cu yd cm?® dm? m3
1cuin 1 5.786 - 10* 2.144 - 10° 16.39 0.01639 1.64 - 10°
1cuft 1.728 1 0.037 28.316 28.32 0.0283
1 cuyd 46.656 27 1 764.555 764.55 0.7646
1cm? 0.06102 3.532 - 108 1.31-10° 1 0.001 10°
1 dm? 61.02 0.03532 0.00131 1,000 1 0.001
1msd 61.023 35.32 1.307 10° 1.000 1
Mass units
dram oz Ib g kg Mg
1 dram 1 0.0625 0.003906 1.772 0.00177 1.77 - 10°°
10z 16 1 0.0625 28.35 0.02832 28.3-10°
11b 256 16 1 453.6 0.4531 4.53 - 10+
1g 0.5643 0.03527 0.002205 1 0.001 10°
1 kg 564.3 35.27 2.205 1.000 1 0.001
1 Mg 564.4 - 103 35.270 2.205 10° 1.000 1
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Miscellaneous units

1 mil =102 in

1 sq mil = 10° sq in

1 English mile

1 international sea mile

1 geographical mile

1 rod. pole. or perch = 5.5 yd

1 sq chain = 16 sq rods

1 Imp. gallon (Imperial gallon)

1 US. gallon (United States gallon)
1 stone (UK) = 14 Ib

1 short quarter (US)

1 long quarter (UK. US)

1 short cwt (US) = 4 short quarter
1 long cwt (UK. US) = 4 long quarter
1 short ton (US)

1 Btu/cu ft

1 Btu/lb

1 Ib/sq ft

1 Ib/sq in (= 1 psi)
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= 0.0254 mm

= 645.2 ym?

= 1609 m

=1852 m

=7420 m

=5.092 m

= 404.7 m?

= 4.546 dm?

= 3.785 dm?®

= 6.35 kg

=11.34 kg

= 12.70 kg

= 45.36 kg

= 50.80 kg

= 0.9072 Mg

= 9.547 kcal/m® = 39.964 N m/m?
= 0.556 kcal/kg = 2.327 N m/kg
= 4.882 kp/m? = 47.8924 N/m?

= 0.0703 kp/cm? = 0.6896 N/cm?

BASIS ELEMENTS OF SI
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10 Explanations

[1] Determining a permissible elastic
or creep modulus

This example shows how to use the equation.
Given: PP-H pipeline

Operating temperature: Top =50°C

Nominal lifetime: LT = 25 years

Transported substance: wastewater,

no substances hazardous to water

Reduction factor for substance: A, = 1.0
(e.g. from SIMONA® SIMCHEM)

Safety factor: SF = 1.1

These numbers suffice to determine the permissible

creep modulus for the lifetime given. The steps are:

From the SIMONA diagram in sec. 3.2, the nominal
creep modulus for 25 years and operating tempera-
ture TDp =50°C is E, = 210 N/mm?2. From this, the

permissible creep modulus (long-time elastic modu-

lus) for further dimensioning is calculated to be:

210
perE, ., = —— = 191 N/mm?
1.0-1.1

This creep modulus is relevant exclusively for
deformations over long times, e.g. pipeline sagging

between support points.
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[2] Calculating permissible stress

This example shows how to use the equations.
Given: PP-H pipeline

Joint method: butt welding

Operating temperature: TOp =20°C to 50°C
Transported substance: wastewater,

no substances hazardous to water

Reduction factor for substance: A, = 1.0

(DVS 2205-1, Table 10.4)

Material strength coefficient: A, = 1.0

(DVS 2205-1, Table 2)

Long-range joint factor: f_ = 0.8

(DVS 2205-1, Table 3)

Safety factor: SF = 1.6®

(DIN 8077, Table 2 respectively DVS 2205-1, Table 4)

® Since the pipeline is subject to thermal changes, and since it carries no
substances hazardous to water, the safety factor 1.6 is chosen. For a
constant operating temperature of 50°C, DIN 8077 permits SF = 1.4.

These numbers suffice to determine the permissible

hoop and longitudinal stress. The steps are:

From the SIMONA diagram in sec 2.3, for 25 years
and operating temperature Top = 50°C the equivalent
stress is 6, = 6.10 N/mm?. From this, the permis-

sible hoop stress is calculated to be:

6.10
Sy = = 3.81 N/mm?
1.0-1.0-1.6

The permissible longitudinal stress is less by the

joint factor, so:

6.10 - 0.8
Sy = = 3.05 N/mm?
1.0-1.0-1.6
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With these two stress values, all stability calculations
can be done for the pipeline in the example. In case
that another pipeline with the same specification is
to be operated, but at a different temperature, then
the permissible stresses for that temperature would
have to be calculated. The application of the stresses
for dimensioning under internal overpressure will be

treated in sec. 4.2.3.

Data about permissible internal pressure load as a
function of temperature and load time are in DIN
8074 for PE-HD pipes, and in DIN 8077 for PP pipe.
The SIMONA diagrams in sec. 4.2.3, which display
the behaviour of the permissible internal pressure as
a function of operating temperature for a customary
load period of 25 years, serve as a supplement to

these sources.

[3] Internal overpressure example

This example shows how to use the SIMONA dia-
grams for overpressure loads in thermoplastic pipe-
lines.

Given: PP-H pipeline

Pipe dimensions: d, = 280 mm, e = 16.6 mm

Min. operating temperature: min. Top =20°C

Max. operating temperature: max. TOp =50°C
Operating overpressure: p = 4 bar

Transported substance: wastewater,

no substances hazardous to water; A, = 1.0

Safety factor: For a pipeline under thermal stress
transporting wastewater with no substances hazard-
ous to water, the safety factor 1.25 is assumed.

To do: Determine whether the pipeline can be operat-

ed safely under these conditions.
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Pipe material: For its higher strength at higher operat-
ing temperatures, PP-H is selected. The SIMONA
Diagram for PP-H contains curves for safety factors
1.6, 1.4, and 1.25. The basic pipe standard DIN
8078 differentiates between safety factors. The dif-
ferentiation takes into account of the reduced
strength of PP-H at temperatures < 40°C as com-
pared to PP-R.

Permissible internal stress falls into three cases:
TDp =10°C-40°C, TDp =>40°C-60°C, and

Tp = 60°C-80°C. In the present case, SF = 1.4.

0

The assumption of SF = 1.25 must be corrected.

SDR class: The SIMONA Diagram must be used in
dependence on SDR class, namely the diameter to
pipe wall thickness ratio. The thicker the pipe wall,
the smaller the SDR class, and vice-versa. The
present case the pipe has SDR = 17 whereas the
allowable overpressure load extends to pipes with
SDR 17.6.

Nominal pressure: The pipe with SDR 17 would be
rated about PN 6, in the old nominal pressure rating
system, now being replaced by the SDR system.
Since nominal pressure ratings are familiar, they will

be mentioned when helpful.

a) Graphical determination of the permissible
overpressure:

From the SIMONA Diagram, it is seen that the pipe

with SDR 17, operating temperature 50°C, and life-

time 25 years has an permissible operating overpres-

sure of 5.2 bar.

Result: The mentioned operating conditions at

p, = 4 bar are herewith fulfilled.
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b) Calculation of permissible internal overpressure
Dimensioning for a pipe under internal overpressure

obeys the general relation:

po.de

20 - G + P,

Rearranging for p_,

20-0,, €
perp, =
d -e

where:
P, = operating overpressure [bar]

o = permissible longitudinal stress [N/mm?]
e = wall thickness of the pipe [mm]
d = outer diameter of the pipe [mm]

The permissible hoop stress is calculated as in
sec. 4.2.2:

6.10
Coor y = = 4.36 N/mm?2
1.0-1.0-1.4

Using this permissible hoop stress, there results:

20 - 4.36 - 16.6
perp, = = 5.16 bar
280 - 16.6

The calculated result confirms the result taken from
the SIMONA diagram.
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Note: These considerations apply solely to loads from
internal overpressure. The stresses from tension,
pressure, and bending can be superimposed on elon-
gations from internal overpressure. This situation is
always to be considered when performing a pipeline
verification calculation that cannot be replaced by
using the SIMONA Diagrams.

For the method for a stress verification calculation,
refer to sec. 4.2.3.

[4] Internal negative pressure or external
overpressure example

Given: PP-H pipeline

Pipe dimensions: d, = 280 mm, e = 16.6 mm
Max. operating temperature: max. Top =50°C
(from DVS 2205-1, Table 2, A, = 1.0)

Min. operating temperature: min. Top =20°C
Poss. negative pressure: p. = 0.5 bar
Transported material: wastewater, A, = 1.0

Support distance: L, = 2500 mm

Pipe material: PP-H is chosen for its higher elastic

modulus at higher temperatures. Especially for nega-
tive pressure loads, note that the permissible nega-
tive pressure can be larger, the higher the short-time

elastic modulus of the material.

SDR class: The SIMONA diagrams are to be used
with SDR ratios. The SDR ratio depends on the ratio
of the pipe diameter to the wall thickness. The thick-
er the pipe wall, the smaller the SDR ratio for con-
stant pipe diameter, and vice-versa. The present case
the pipe has SDR = 17, whereas the allowable over-

pressure load extends to pipes with SDR 17.6.
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Negative pressure load of an axially constrained
pipe run: To assure that buckling does not occur on
an axially constrained pipe run, the SIMONA Diagram
(see pages 44ff) indicates that the negative internal
pressure must be limited to p_,, < 585 mbar =
0.585 bar.

Note: PP-H pipe with SDR 11 or 7.4 are safe from
buckling at the pipe wall temperatures used in the
SIMONA Diagrams. This means they are safe to oper-
ate at a negative pressure of 1.0 bar (= vacuum).
There is no need for a curve for these cases.

Effect of compressive stress: For the case where a
pipe run with fixed ends is subject to stress from pre-
vention of heat expansion, please refer to sec. 4.2.4.

Examination of the axial stability: When thin-walled
pipes are prevented from expanding along their axis,
excessive stress can cause instability. The critical
longitudinal stress for collapse by buckling can be
determined as follows:

e
Gcr'\t = (x‘t ’ 062 ’ EST T
r
m
where:
[ = critical buckling pressure in longitudinal direction  [N/mm?]
o, = time-dependent calculation coefficient [-]
Eq; = short-time elastic modulus [N/mm?]
e = pipe wall thickness [mm]
r = average pipe cross-section radius [mm]

With o, = 0.33 for nominal lifetime of 25 years, the

critical buckling stress simplifies to

e
G, =0.205:E, —

crit

r

m
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Calculation of buckling safety: To determine: whether
the pipeline fulfills the interaction condition under the
axial and radial pressure conditions given. All neces-
sary equations are taken from the sections just indi-
cated. Compression stresses are marked with a nega-

tive sign (-).

The interaction condition to be satisfied is:

1.25 1.25
act O; act p”’e
n=|— TR <1.0
per (&N per pme
where :
act o = sum of actual compression stresses in longitudinal
(axial) direction
per o = permissible compression stress in longitudinal direction
actp, . = maximum actual internal negative pressure
(or external overpressure)
perp, . = permissible radial pressure

For this example, parameters are:
Diagram sec. 2.3
Short-time strength (50 °C) o,

1on =12 N/mm?
Diagram sec. 3.2

Short-time elastic modulus (50°C) E,, = 620 N/mm?
® Load time of 10 hours assumed for the maximum compression stress.
Then a relaxation to about 60 % of maximum is assumed.

Permissible compression stress according to sec.
4.2.2:

G\/
per oy = —————
A, -A, - SF
12.0
per o, = = 8.57 N/mm?
1.0-1.0-1.4
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Short-time compression stress from suppressed

thermal expansion, from sec. 4.2.4:

G = —-o - AT - E

i(dT) (ST)

¢, = —0.00016 - 30 -

i(dT)

620 = -2.98 N/mm?

Short-time compression stress from internal nega-

tive pressure, from sec. 4.2.4:

P, (d/d)?

10 (d/dy? -1

0.5 (280/248.2)?
=-0.23 N/mm?
10 (280/248.2)> -1

Oipnpe) = ~

Long-time bending compression stress from pipe

sag, from sec. 4.2.4:

q-L2
Gi(b) = -
8- W,
0.615 - 25002
Gy = — = -0.56 N/mm?
8-8.7-10°

Critical buckling pressure of the pipe run at 50°C
(radial direction):

EXPLANATIONS

Permissible radial load: The permissible load from
negative internal pressure or external overpressure,

requiring a buckling safety of S_ = 2.0, is given by:

buck

perp,. = Po/Spe = 3.02/2.0 = 1.51 bar®

@ The permissible negative pressure from the SIMONA Diagram is
p,= 0.585 bar; this takes into account the axial restraint and also devia-
tions from imperfection, which can occur as pipes bend. The pipe sag-
ging generates bending compression stress, superimposed on the other
compression stresses. Therefore the diagrams can only give limiting val-
ues for a detrimental case, which has to be optimized by calculations.

Load in axial direction: the actual longitudinal com-

pression stress load for negative pressure is:

act 6;=0,+ 0, +0,

act o, = (-2.98) + (-0.23) + (-0.56) = -3.77 N/mm?

Critical buckling stress in axial direction:

= 0.205- 620 - 16.6/[0.5 - (280-16.6)]
16.02 N/mm?

Gcrit(a)

It is obvious that the critical buckling stress for thick-
walled pipes is definitely higher than the permissible
compression stress. Therefore, for axially constrained
pipe runs it is advisable to calculate the interaction

(act o /per o,).

The interaction condition to be satisfied:

2.620 16.6°
Py = — - — = 0.302 N/mm?-10 = 3.02 bar
1-0.382 280

3.77 |1 0.5 )i
no=|— + | — = 0.75
8.57 1.06
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Result of the investigation: It confirms a

sufficient margin of safety to prevent buckling.

123



EXPLANATIONS

[5] Controlling the permissible operating
overpressure p for a L expansion bend
made of PE 80

Given:

Pipe diameter: d, = 280 mm

Operating pressure: POp = 5.0 bar

Minimum operating temperature: min Top =20°C
Maximum operating temperature: max T = 40°C
Reduction through transported substance: A, = 1.0
Safety factor: SF 1.25

LT welding factor: f = 0.8

Calculated life time: 25 years

System length for L expansion bend:

sum L, = 9,500 mm

Permissible operating overpressure acc. to SIMONA
diagrams in sec. 3.1:
permissible operating overpressure for expansions

bends: corresponding per p, for straight pipe runs

Required pipe wall thickness respectively
permissible operating pressure of the pipe:

From the SIMONA diagram (see page 61), for PE 80
at the given operating conditions with safety factor
of 1.25, the pipe must have SDR 17, i.e. wall thick-
ness e = 16.6 mm. The permissible overpressure
load of the pipe is read off as per p, = 5.6 bar.

Result: With p, = 5.6 for the straight pipe run and

for the expansion bend, the operating pressure of

P,, = 5.0 fulfils permissible limits.
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Note: The calculation of permissible overpressure
loads in Z and U expansion bends as well as other
materials and operating conditions has to be done

accordingly.

Calculating expansions bend dimensions

Inner diameter of the pipe :
d=280-2-16.6 =246.8 mm
out of diagram sec. 2.2:

E prin Top) =235 N/mm?
no Top) =120 N/mm?

average creep modulus :

E, = (0.5 (235 + 120))/1,0 =177.5 N/mm?
out of diagram sec. 2.1:

G, for max T, = 5.8 N/mm?
acc. to sec. 2.3:

Oy = 5.8-0.8/(1.0 - 1.0 - 1.25) =3.71 N/mm?
acc. to sec. 3.3:

Oy, = 5.0/10 - 1((280/246.8) - 1) =1.74 N/mm?
acc. to sec. 3.3:

per O, = 3.71-1.74 =1.97 N/mm?
temperature change :

dT = max Top—min T =20 K

With the fore mentioned data the minimum length of

the expansion bend L_, will be calculated:

3-280-9,500-20-0.00018-177.5

req L, = =1712 mm
1.74

For the minimum length of the expansion bend L,

you have to consider:

3-.280-1.712-20-0.00018-177.5
req L, = =727 mm
1.74
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Following the example and using the SIMONA dia-
gram on p. 64 you get expansion bend lengths

L, = 1.730 mm and L, = approx. 720 mm. It can
be stated that the graphically determined expansion
bend lengths are well in line with the calculated

ones.

The dimensions of the Z and U expansion bends are

to be calculated in same way.

[6] How to determine the force on the main
anchors in an axially constrained plastic
pipeline

Given: PE 100 pipeline

Pipe measurements: d,_ = 280 mm; e = 16.6 mm
Minimum operating temperature: min T, = 20°C

Maximum operating temperature: max T, = 40°C
Installation temperature: min T, = 20°C

Transported substance: wastewater

To determine: the force on the main anchors when
the pipeline is axially constrained under the given

operating conditions.

Pipe material: PE 100 is selected over PE 80 for its
higher strength under internal pressure. This choice
has no effect on the pipeline anchor forces, since the
relevant material parameter, the elasticity modulus, is

similar for the two plastics.

SDR class: SIMONA Diagrams give different anchor
loads for different SDR ratios. Wall thickness influenc-
es anchor forces; the thicker the pipe wall, the higher
the anchor point load. Therefore the pipe length has

no bearing on it.
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Pipe wall temperature: So that the load can be deter-
mined at its maximum, take the pipe wall temperature

as the maximum working temperature.

Anchor load from preventing thermal expansion: For
SDR 17 pipe, d, x e = 280 x 16.6 mm, the SIMONA
Diagram on p. 83 gives F_, = 23 kN as the maximum

anchor force from prevention of thermal expansion.

This result is for a temperature difference of 20 K.
The temperature difference is between installation
and maximum operating temperatures: AT = max T, -
min T. If the minimum operating temperature is less
than the installation temperature, then AT is given by
AT = max T, — min T_. If the pipeline can be taken out
of operation, then the pipe wall temperature can sink
to the ambient temperature. For pipelines outdoors,
this can lead to extreme temperature differences,
which must then be used to determine the anchor

force.

To calculate the anchor force from prevented thermal

expansion, the procedure is:

F.o= o-AT-A_-E

FP pipe cm(100min)

where:
o = coefficient of linear expansion [1/K]
AT = temperature difference [K]
e = pipe wall surface area [mm?]
E = average creep modulus for t = 100 min [N/mm?]

"em(100min)
SIMONA Diagrams in sec. 3.1 give creep modulus

values for PE. Average values for o are found in the
table of sec. 5.3.2.
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Using these values:
E ,=0.5-(E +E,.)=0.5"-(595 + 325)

cm(100min c20°C c40°C

= 460 N/mm?

F, = 1.8 -10%:20 - 13736 - 460 = 22.8 kN

FP

This calculated result is in good agreement with the
value read off the SIMONA Diagram.

Note: The anchor forces found in the SIMONA
Diagrams give loads on the support structure. The
pressure or tension in the pipeline must be consid-
ered in a separate pipeline stress analysis (see sec.
4.2.4).

[7] Effect of internal pressure testing

In an internal pressure test, to prove that the pipe-
line will be safe in working conditions, it is subjected
to increased pressure — currently 150% of the nomi-
nal pressure rating. In this case, pipe and fittings
have SDR 17, corresponding to PN 6. Test pressure
is then 1.5 - 6 = 9 bar. How does this affect anchor
load?

Anchor load during testing: To determine the anchor
load from pressure testing, assume that in the pipe
run a tensile stress is generated, resulting in expan-
sion. To the extent that is is prevented, the anchors

are subject to forces that can be found as follows:
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01-p- (1-2p)

Ftest = ) Apipe
2 _
(d/d) -1
where:
p = test pressure [bar]
y = transversal contraction (Poisson’s ratio) =
0.38 for thermoplastics [-]
d, = external pipe diameter [mm]
d = internal pipe diameter [mm)]
= pipe wall surface area [mm?]

pipe

Substituting the relevant values in the equation

gives:

0.1-9- (1-2-0.38)
Fou = - 13736 = 10.4 kN
[(280/246.8)2~1] - 10°

In this case, the anchor load from internal pressure
testing is less than that from prevention of thermal

expansion.

Friction on pipe supports: When a pipe run expands
axially, the contact with pipe supports generates fric-
tion, which opposes the expansion. Thus the length

change is in reality less than the calculated value.

Anchor load from friction: For the anchor load, the
friction force from a pipe run of the appropriate
length is to be determined. The specific friction force,
per running meter, is found from:

Fo = (0, + 05 +0,) - by

where:

g = pipeline weight (per running meter) [N/m]
qc = weight of pipe contents (transported substance) [N/m]
q, = added weight [N/m]
[ = coefficient of friction = 0.3 to 0.5 [-]
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Additional values for the example:

Moveable pipe length = 50 m

sum g = weight of pipe and contents
(transported substance) = 615 N/m

ug=0.3

This gives the total friction force anchor load as:

F, = (615 N/m) - 0.3 - 50 m = 9225 N = 9.23 kN

Note: Anchor load from friction on pipe supports
depends on the total pipeline weight, the coefficient
of friction, and the length of pipe that can expand. In
this case, the load is considerably less than that

from prevented thermal expansion.

Anchor load from internal pressure: When bellows-
type expansion joints are used, anchor load consider-
ations are dominated by internal pressure. The effect
of internal pressure on the expansion joint surface

must be determined; the resulting anchor force is:

F, = A-01:p,

where
P, = internal overpressure [bar]
A = the pressurized bellows joint surface area [mm?]
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Substituting:
d, = pressurized joint diameter
=300 mm

max p, =9 bar
gives the anchor load with bellows-type expansion

joints as:

F = 300?:-m/4-0.1-9=63617 N =63.6 kN

p

This is by far the largest anchor load.

Note: The example demonstrates how varied the
anchor force calculations and the loads can be. There
is also anchor force from swelling caused by solvent
absorption into pipe. This special case, not treated
here, must be analyzed within the framework of appli-

cable projects, and cannot be generalized.

When dimensioning for anchors, the case of maxi-
mum load must be analysed. Sometimes various
simultaneous situations are super-imposed. Then to
get the maximum anchor load the individual loads

must be added, with attention to direction and sign.
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[8] How to determine the permissible
mounting distance for a thermoplastic
pipeline by using SIMONA Diagrams

Given: PE 100 pipeline

Pipe measurements:

d, =63 mm; e =58mm (SDR 11)

Minimum operating temperature: min T, = 20°C
Maximum operating temperature: max T, = 40°C
Transported substance: wastewater with no
substance hazardous to water; A, = 1.0

Transported substance density: p = 1.1 g/cm?

To determine: the spacing between fixings required
for laying the pipe under the given operating condi-

tions.

Pipe material: PE 100 is selected over PE 80 for its
higher strength under internal pressure. This choice
has no effect on sagging, since the relevant material
parameter, the elasticity modulus, is similar for the

two plastics.

SDR class: The SIMONA diagram for permissible fix-
ing distance can be used independently of SDR
ratios. The calculations use the sum of pipe weight
and contents weight at density p = 1.0 g/cm?3. An
increase of wall thickness or higher pipe material
specific weight, e.g. using PVDF, hardly affects the
sagging deflection.
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Influence of transported substance: What definitely
must be taken into account is the specific weight of
the transported material, since an increase of p over
1.0 g/cm?® at the mounting distance recommended in
the SIMONA Diagram will lead to increased sag. The
conversion factor f_for the throughput density
dependent of the change in fixing distance may be

taken from the following table.

Using the same conversion factor for all pipe plas-
tics has little practical effect on the sagging, so no
differentiation will be made.

Effect of transported substance on fixing distance:

Please refer to the following table.

Permissible fixing distance: The SIMONA diagram for
PE 80/PE 100 pipe shows the fixing distance L, =
950 mm for pipe size d, = 63 mm and operating
temperature T, = 40°C. Since the transported mate-
rial density is 1.1 g/cm?, the permissible fixing dis-
tance is L, = 0.98 - 950 mm = 930 mm. This is a

significant difference.

Note: Determination of mounting distance by the
SIMONA Diagram includes all significant influences
on the plastic pipeline. The bending stress o, by well
under 1.0 N/mm?, has a very minor effect in a

stress analysis.

Transported substance density [g/cm?]

Conversion Gases |[p=1.1 p=12 p=13 p=14 p=15
factor

f 1.3 0.98 0.96 0.94 0.92 0.90

X
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11 Services

As a customer, you always take centre stage: from project
development to materials procurement and on-site planning,
we are committed to providing the very best consulting

services. Our long-standing experience is your gain.
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Consulting and information service

We have channelled considerable
resources into technical con-
sulting and would be delighted
to share our know-how with
you. We offer global consulting
services, headed by highly quali-
fied staff at our Technical Sales
Support unit and within our
field sales organisation - from
project planning and product
selection to on-site assistance
tailored to your applications.

SUPPORT

+49 (0) 67 52 14-254
pipingsystems@simona.de

Project planning

We advise project planners and
contractors on the selection of
suitable materials and products
as well as on the most efficient
methods of installation. It would
be a great pleasure for us to
assist you in addressing all tech-
nical issues related to your
specific project, e.g. pipe-laying
installation, structural calcu-

lations or joining technology.
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On-site consulting

We are happy to provide active
support at all stages of your
project. Our qualified engineers
will assist you on site through-
out your construction project and
also advise you on technical
matters subsequent to comple-

tion.

Training

We also offer a range of training
courses and seminars for cus-
tomer personnel — organised at
your premises or at our Tech-

nology Centre in Kirn.

Our full product range
for pipes, fittings

and valves is listed in
our Gross Price List
(print version) and on
the Internet at
www.simona.de
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Reliability and flexible service
Our central warehouse and glo-
bal distribution centres supply
SIMONA standard products from
stock, thus guaranteeing speedy
and flexible delivery.

Standard tendering documents
To view standard tendering docu-
ments for our products, please
refer to our SIMONA® SIMCAT
CD-ROM or visit our website at

www.simona.de.

Information service

Further information is available
in the form of
Brochures
Product information leaflets
CD-ROMs.

+49 (0) 67 52 14-383

marketing@simona.de
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Technical services

Our products are subjected to

a range of thorough technical
assessments as well as endur-
ance testing. As part of this
programme, our in-house labora-
tory conducts regular tests

on material properties and long-

term performance.

We are happy to pass on our
knowledge, as well as perform-
ing specialist tests on your
behalf.

Materials testing

Immersion tests according
to DIN 16888 Part 1-2 and
ISO 4433 Part 1-4
Evaluation of reduction fac-
tors through immersion tests
or creep-depending-on-time
tests under internal compres-
sion

Probability analysis regarding
stress cracks induced by
liquids

Assessment of permeation
for applications in composite
construction and lining tech-
nology with corresponding

material recommendation
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Equipment and accessories

We are able to supply you with
specialist equipment and acces-
sories required for professional
welding and processing, such
as welding machines for electro-
fusion or heated element butt
welding as well as tensioning
devices and other processing
machinery. Specialist equipment
can be either purchased or
hired.

Structural analysis

We perform structural calcula-

tions in the following areas:
Underground pipe installation
Ventilation piping systems
Shaft systems and

Lining projects.

ATEX advisory service
Selection of materials
Details relating to standards
and regulations
Information on processing
of electrically conductive

products
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Customised pipes and fittings

Alongside our standard product

range, we offer a premium-class

package of specialist solutions:
Pipes in various lengths for a
range of joining methods
Special pipe sizes adapted to
the standard nominal diame-
ters of other materials
Pipes with non-standard prop-
erties such as electrical con-
ductivity or low flammability
Customised fittings as
system components for your

application

SUPPORT

+49 (0) 67 52 14-254

pipingsystems@simona.de
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SIMONA® SIMCHEM

SIMCHEM 6.0 — Chemical
resistance data on CD-ROM

SIMCHEM 6.0 is a reliable and
comprehensive guide when it
comes to determining the chem-
ical resistance of materials

used in our products.

It lists more than 3,000 media
and proprietary products.
Additionally, SIMCHEM provides
extensive information about our
products and materials, as

well as outlining SIMONA'’s busi-

ness activities.

ORDER SIMCHEM 6.0

+49 (0) 67 52 14-383

marketing@simona.de
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SIMCHEM - An extensive database on the chemical resistance of SIMONA® materi-
als, featuring more than 3,000 listed substances.

The sixth edition of SIMCHEM
has been fully reviewed and is
an important guide for your day-
to-day operations. Please be
advised that all data presented
in this version reflects our scope
of knowledge at the point of pub-
lication. The latest version of
SIMCHEM is based on findings
from immersion testing as part
of which test specimens were
subjected to different tempera-
tures in the medium in question,

free from external stresses.

The data derived from testing is
complemented by case study
reports, recommendations by raw
material manufacturers as well
as extensive data relating to
standards, directives and guide-

lines.
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SIMONA worldwide

SIMONA AG

Teichweg 16

D-55606 Kirn

Germany

Phone +49(0)6752 14-0
Fax  +49(0)6752 14-211
mail@simona.de
www.simona.de

PRODUCTION SITES

Plant I/11

Teichweg 16

D-55606 Kirn

Germany

Phone +49(0)6752 14-0
Fax  +49(0)6752 14211

Plant 11l

Gewerbestrafe 1-2

D-77975 Ringsheim

Germany

Phone +49(0) 7822 436-0
Fax  +49(0)7822 436-124

SIMONA Plast-Technik s.r.o.
U Autodilen 23

CZ-43603 Litvinov-Chudefin
Czech Republic

SIMONA AMERICA Inc.
64 N. Conahan Drive
Hazleton, PA 18201

USA

SIMONA ENGINEERING
PLASTICS (Guangdong) Co. Ltd.
No. 368 Jinou Road

High & New Technology Industrial
Development Zone

Jiangmen, Guangdong

China 529000

SALES OFFICES

SIMONA S.A. Paris

Z.l. 1, rue du Plant Loger
F-95335 Domont Cedex
Phone +33(0)1 39354949
Fax  +33(0)1 39910558
domont@simona-fr.com

SIMONA UK LIMITED
Telford Drive

Brookmead Industrial Park
GB-Stafford ST16 3ST

Phone +44(0)1785 222444
Fax  +44(0)1785 222080
mail@simona-uk.com

SIMONA AG SCHWEIZ
Industriezone
Baumlimattstrae 16
CH-4313 Mohlin

Phone +41(0)61 8559070
Fax  +41(0)61 8559075
mail@simona-ch.com

SIMONA S.r.l. ITALIA
Via Padana

Superiore 19/B

1-20090 Vimodrone (Ml)
Phone +39 02 250851
Fax  +39 02 2508520
mail@simona-it.com

SIMONA IBERICA
SEMIELABORADOS S.L.
Doctor Josep Castells, 26-30
Poligono Industrial Fonollar
E-08830 Sant Boi de Llobregat
Phone +34 936354103

Fax ~ +34 936308890
mail@simona-es.com
www.simona-es.com

SIMONA-PLASTICS CZ, s.r.o0.
Zdébradska ul. 70

CZ-25101 Ricany-Jazlovice
Phone +42032363783-7/-8/-9
Fax  +420323637848
mail@simona-cz.com
www.simona-cz.com

SIMONA POLSKA Sp.zo.o.
ul. H. Kamienskiego 201-219
PL-51-126 Wroctaw

Phone +48(0)71 3528020
Fax  +48(0)71 3528140
mail@simona-pl.com
www.simona-pl.com

SIMONA FAR EAST LIMITED
Room 501, 5/F

CCT Telecom Building

11 Wo Shing Street

Fo Tan

Hongkong

Phone +852 29470193

Fax  +852 29470198
sales@simona.com.hk

SIMONA ENGINEERING PLASTICS
TRADING (Shanghai) Co. Ltd.
Room C, 19/F, Block A

Jia Fa Mansion

129 Da Tian Road, Jing An District
Shanghai

China 200041

Phone +86 21 6267 0881

Fax  +86 21 6267 0885
shanghai@simona.com.cn

SIMONA AMERICA Inc.
64 N. Conahan Drive
Hazleton, PA 18201

USA

Phone +1 866 5012992
Fax  +1 8005224857
mail@simona-america.com
www.simona-america.com

Upon publication of this document all previous editions shall become void. For relevant changes within this edition, please refer to our company website at www.simona.de.
All information furnished herein reflects our scope of knowledge at the point of publication (errors and omissions excepted). The information furnished shall not constitute
the provision of legally binding guarantees as to specific product-related properties or their suitability for specific areas of application. We shall assume no liability for the
application, utilisation, processing or other use of this information or of our products. Furthermore, we shall assume no liability for any consequences related thereto.

The purchaser is obliged to examine the quality and properties of these products; he shall be fully responsible for selecting, applying, utilising and processing said products.

We provide warranty for the faultless quality of our products within the framework of our Standard Terms and Conditions of Sale.
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