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In the appendix to the report attached jou will find important biliographical
references. They are cited In their original language. Please look at them
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1. Summary

In international cooperation there has been developed a new
component for the plastic jacket pipe system, which allows a
design without “"weak point* expansion pads and which makes it
possible to realize any change in direction between 0 and
180°. This will lead to lower laying costs, to higher opera-
tional safety and - last but not least - to a longer service
life.

The new component, for which GEW Kiln applied an international
patent, is based on a German invention. Today, it is manu-
factured by the Danish system manufacturer TARCD. The soil
reaction which is the main basis for the design is based on
series of measurements from the ASCE (American Society of
Civil Engineers).

The bend able to withstand high transverse loadings is totally
conformal to the system and is connected to the straight pla-
stic jacket pipe with the usual joint - just like a standard
pipe. A leak detecting device may be kept inside the bend,
too.

The bend’s ability to withstand higher transverse loads is due
to a reinforcement of the foam with expanded glass beads. This
reinforced foam has a permissible compressive stress which is
10 times higher than that of the non-reinforced foam. There-
fore, bends able to withstand high transverse loadings can
definitely withstand the soil reactions which occur as a con-
sequence of the transverse displacements of the pipe.

The PUR-foam has to be reinforced only in those sections,
where the radial compressive stress is too high for normal
foam. Due to the high soll reaction, the transverse displace-
ments decline already after a short distance. In case of smal-
ler and medium diameters only slightly lengthened, reinforced
bend sides are reguired. Normally, bend leg lengths of 1 to



1.5 m are sufficient.

After 3 years of testing in laboratories and pilot plants the
new components are considered ready for the market and are
applied in several European test sites. A systematic test is
carried through at two test sites in Cologne applying cold
laying DN 150 to DN 40. Here, occurring displacements of the
system are collected with mm - accurates. Besides, the steel
stresses are measured both, in longitudinal and in circum-
ferential direction, at the highest loaded cross-sections at 8
circum-ferential points with the help of wire strain gauges.

A further application will take place in 1992 with cold laid
lengths DN 300 in Copenhagen. Here, the occurring forces and
displacements are reduced by lowering wall thickness of the
straight pipe.

The bends for plastic jacket pipes able to withstand high
transverse loadings are able to take up - under coexisting
load and temperature - high radial compressive stresses.

Here, the non-ageing expanded glass foaom transfer the forcaes
starting from the medium pipe onto the plastic jacket pipe.

In case of the new bends for plastic jacket pipes able to
withstand high transverse loadings, the function of the foam,
which loses most of its resistance characteristics under tem-
perature and time, is reduced to the bedding of the beads.
There is good hope that the plastic jacket pipe's service life
can be increased by the application of bends for plastic
jacket pipes able to withstand high transverse loadings in the
araa of changes in direction, and can help to reduce the
COStSE.

Regarding its technical and economical advantages it has to be
assumed that the new componant will soon prove its worth in
the market and that it will be applied more often from 1993
onwards.



r R Earlier Design of Bends and Angular Deviations

Today, most of the district heating pipelines are manufactured
as plastic jacketed pipes. These consist of a steel medium pi-
pe, a thermal insulation of PUR-foam and a HDPE jacket pipe.
Characteristic feature of this design is the fact that
district heating networks are concelved for a service life of
40 to 50 years and that the statically stressed plastics -
due to the influence of age and time - are subject to strong
ageing. Therefore, for design of the plastic components, mate-
rial properties which are reduced due to ageing have to be ap-
plied.

Regarding the normal maximum medium temperatures between 9%0°C
and 140°C, the transverse loads may act on the PUR-foam at a
very small extent. In case of high outgoing temparatures such
as 130° or 140°C , the necessary permissible compressive
strain of the PUR-foam is as high as = 0.15 MPa. Accordingly,
the transverse displacement occuring at bends has to be
absorbed in cavities (expansion unit) or in expansion pads
{(foamed cushions) in order to protect the pipe against high
soil resistance forces. For conventional plastic jacket pipes,
angular deviations have to be limited to maximum values of 3°
and 6°, depending on the line situation.



3. Scope of the Study

In spite of the constructional improvements, expansion pads
are regarded as "weak points® of the plastic jacket pipe sy-
stem [or several reasons:

- So far, the long term operativeness of the expansion pads
has not been proved.

- Expansion pads constitute an additional thermal insula-
tion which causes that the plastic pipe‘s jacket tempera-
ture is increased.

- When the expansion pad is compressed, considerable reset
forces are activated, which cause a considerable load on
the steel service pipe and PUR-foam.

- At road sections, the application of expansion pads cau-
gses additional problems, because the recommended bearing
capacity cannot be reached at road surface level Iif the
depth of covering is low.

- Large pipe diameters and non-preheated piping result in
large expansions and large variations of expansion zone
lengths. In most cases those expansions cannot be absor-
bed inside the expansion pads; because the permissible
expansion pad thicknesses are limited by soil mechanics
and heating up of the PE-jacket.

Another problem are the angular deviations between about 8°
and B80%, which normally cannot be realized with the former
plastic jacket pipe system. This makes it either rather diffi-
cult to find the lines, or cost intensive compensation ele-
ments are reguired.



4. Alm of the Study

Part of the investigation project "New Testing Techniques and
System Components at the Plastic Jacket Pipe", carried through
by Gas- Elektrizitldts- und Wasserwerke K0ln AG (GEW) is to
exclude out the usual expansion pads at bends.

GEF (Ingenieuergesellschaft fir Energietechnik und Fernwdrme
GmbH) which is entrusted with the performance of the study,
assumed that this was not possible with the usual components
of the plastic jacket pipe, because the increased loads cannot
be withstood by neither the sleeve joints, nor the foam or the
steal pipe.

Therafore, pipes have to be developed which can be loaded
aspecially in transverse direction and which, with permissible
stresses, can carry these loads. For this purpose, the deve-
lopment of a foam with high radial compression resistance
takes the limelight. Such “polyurethane-lightweight concrete”
would have to be able to transfer the tranaverse loads, which
are caused by the bedding reactions at the changes in
directions, to the medium pipe during its total service life.




B Load on Directly Buried Bends without Expansion Pads

The soil resistance which is caused by the horizontal
transverse displacement of pipes embedded in seoil is known
from systematic series of tests carried out by the American
Society of Civil Engineers (ASCE) [l1]. For these tests, sand-
bedded pipes were displaced horizontally under clearly defined
conditions, and the transverse compression Q"(v) was outlined
on the displacement way v. It was found out that the earth’'s
bedding reaction depends on the following factors:

burying depth

external diameter of the pipe

soil density

degree of compression

In [1] equations for various filling floors were formed for
Q" (v, d,s h;), showing a good agreement with the measured
values.

A typical bedding characteristic is shown in Figure 5-1. In
case of a certain transverse displacement v, the maximum
soil resistance is reached and cannot increase anymore, even
if the displacement is getting larger.
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Flgure 5-1: Soil Restraint Reaction [1]

In the calculation program GEFEMR [2], bedding characteristics
of the soil is introduced as a default value, paying attention
to the above-mentioned influencing wariables. The decrease of
the soil resistance after exeeding v is not utilized for safe-
ty reasons.

The ASCE-investigation [1] shows that under high values of
h“#Dh {large depth of coverage or small pipe diameters) local
yield zones occur close to the pipe at the compression side.
Thosa zones do not show any effects at the surface of the
ground. If the depth of coverage is smaller (small values for
h/D, elliptic yield areas are formed which lead to wedges or

archings of the surface (gee Figure 5=-2).

Reinforced roads do not allow such archings of the surface and
force local flow zones in front of the pipes.
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u -2 Soil flow zones as a result of horizontal
displacement of pipes in the soil [1]
b) with low depth of coverage
c) with large depth of coverage

Therefore, road reinforcements have an effect similar to depth
of coverage. As the ASCE-investigation did not study the in-
fluence of road consclidations, the theoretical depth of co-
varage is generally increased by 0.5 m in the GEFEMR-program
for the determination of the scil resistance. This value may
be changed by the user, in case there are new findings.

If there is no road consolidation it is advisable to increase
the theoretical depth of coverage in order to determine the
soil resistance under consideration of the PUR-compressive
strain in radial direction and the circumferential bending
gtress of the medium pipe.
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The GEFEMR-program names three types of soil:

1 slightly compressed soil
2 medium compressad soil
3 highly compressed soil

These groups correspond to the following seoil characteristic
values.

Type of Soil el T D,
(1  [k/m'] [%]
1 33 16 a5
2 36.5 16.8 97.5
3 40 17.6 100
with

w: Angle of internal friction
Unit weight of soil

o |
Dt Compaction density

Figure 5-3 shows the occurring transverse compression Q* (v)
according to [1] for a pipe of DN 100, withouter diameter

D, = 200 mm and h, = 0.5 m in highly compressed soil. For this
purpose, it was assumed that there is a road covering above
the pipe line which increases the theoretical depth of cover-
age for the determination of the transverse compression from
D.5 m to h% = 1 m, ag it was assumed bafore.
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Figure 5-3: Transverse Compression Q" (v) for DN 100, D, =
200 mm, h, = 0,5 m (h, = 1 m) in highly compres-

sed soil

Prior to the actual development, the maximum possible loads to
be expected were calculated by orientation calculations.

Therefore, isosceles L-systame with maximum variation zone
lengths were taken as a basis, the sectional forces of which
and the displacements were calculated with a special finite
element program for plastic jacket pipes, paying aspecial
attention to friction and transverse soil resistance. Figure
5-4 shows the system lay out for the load calculations.
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Figure 5-4 : Static System

Due to the soil bedding presssure acting directly on the pla-
stic jacket pipe, the final displacements could be reduced to
50% compared to the displacements appearing in the design when
expansion pads are used. As a consequence of the high bedding
forces, the bending line declines after a short distance right
after the bend. With DN 32, there are no transverse displace-
ments to be found 1 m from the mid-point of the bend, which
m2ans that there are no increased radial compressive strains
either. With DN 200 the length of declination is about 2 m.

This led to the conclusion that the bends for plastic jacket
pipes able to withstand high transverse loadings to be develo-
ped should be able to bear radial pressure loads as high as

1 N/mm’, with side lengths of 1 to 1.5 m, depending on the pipe
diameters.
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. Development of Standard Types

For the research and development project it was tried to deve-
lop bends able to withstand high transverse loadings, attached
to the plastic jacket pipe system.

The behaviour of the new developed plastic jacket pipe bends
is due to the fact that for the first time PUR-foam is applied
for district heating pipelines, which is reinforced by expan-
ded glass beads or clay, which shows a many times higher
ra-dial compression strength even when it is aged. The expan-
ded glass or clay beads, filled in with a compactness as high
as possible, form a bearing skeleton between medium and jacket
pipes causing that the transversal load bearing capacity of
the pipe becomes independent from load period and the medium
temperature. Here, the function of the foam, which loses a
great part of its resi-stance characteristics under the influ-
ence of temperature and time, is reduced to the bedding of the

beads.

Figure 6-1 shows the structure of a transverse loadable pla-
stic jacket pipe in its profile.




Figure 6=1: Sectional view of the transverse loadable plastic
jacket pipe (first Standard Type).

For the manufacturing of these transverse loadable components
the insulating space has to be filled as compact as possible
with expanded clay or glass beads prior to foaming. For this
purpose,; the medium pipe is exposed to vibratlons generated by
a vibrator. Special regard was paid that the beads have a pos-
sibly round form and a uniform ball diameter. Given a ball
diameter of about 10 mm, which is ideal for small and medium
pipe diameters, it is guaranteed that on the one hand, a
stable skeleton is formed and on the other hand there are ca-
vities available which are large enough for the foaming proce-
dure.




T

Due to the impeded flow, the subsequent foaming requires spe-
cial technigues. One possibility is to place a one-way foaming
pipe (see Figure §-1, bottom) of plastic or metal and with
perforations into the ring zone batween medium and jacket pi-
pe, prior to the filling with expanded glass beads. This helps
to shorten the flow length.

Meanwhile a special foam-filling technigque has been developed
which means that the foam is filled in under high pressure and
without using a foaming pipe from the middle of the building
@lement. Afterwards, the opening in the HDPE jacket pipe is
walded already at the factory (see Flgure 6-2). In this tech-
nigues is no one-way foaming pipe necessary.

Elaments for plastic jacket pipe systems able to withstand
high transverse loadings should be applied only in those di-
strict heating sections which are exposed to considerable
transverse load, i.e.

- bends
- angular deviations
- T=-pieces

In view of the increased bedding reactions of the so0il, only
welded sockets should be applied for the connection of the
jacket pipes. Still, the building elements, i.e. especially
the bends, will need longer side lengths compared to conven-
tional building elements, so that the joints may be laid in
areas with less transverse load.

In transverse loadable pipe-components tha stea]l pipe is more
loaded, too. Some cases may require increased wall thicknesses
or types of steel with higher yield-stresses.



Figure 6-2: Actual type of pipe able to withstand high
transverse loadings.
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7. Test Arrangements

The tests were carried out at two types of pipes: a) straight

pipes of 1 m length with transverse loadable foam and b) pipe
bars of 6§ m length with normal foam.

The 6 m long normal foam pipes were sawed into 7 pieces, each
being 0.8 m long, leaving out the end-pieces which are 0.2 m
long (Figure 7-1). In view of a continuous diffusion protec-
tion, longer pipe sections should be preferred. Under the
chosen length of 0.8 m the planned loads can easily be taken
up by the elastic areas of pipes with normal wall thicknesses
of the service pipe. This makes any special production super-
fluous, and pipes out of the normal manufacturing can be used
for the tests. On each section the pipe number and the

section’s position along the flow displacement has to be indi-
cated.
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T 1 Test~ bew. Versuchsrohre

h=.
=
=3

Ut JFO A SR W NG G S JET OGN N N PR ERRE

il
T

!
Ll

———gr—— r————gr—— g =

N T ——— e g

T - L“-.-.-l-“q—--u-u-—l..ﬁ—uﬁ = LT Bl A~ o B w

F 7-1: Cutting a 6 m long pipe into 7 test specimens
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The pipe sections 1, 3, 5 and 7 marked in Figure 7-1 with a 0,
are used as 0 specimens respactively are left over for the
short-time tests.

Sections 2, 4 and 6, marked with a T, are now prepared toget-
har with the transverse loadable test pipes for the stress-
rupture tests.

The test which decides on the pipes' suitability is the com-
pression test under concurrent load, temperature and time
(creap compression test). In order to complete the investiga-
tion results and to procure that there is a possibility for a
sampling inspection within the scope of quality assurance,
there wera alsc short-time tests carried out, beside the
strass rupture tests. All tests comprised the following pipe
DN 80:

- normal foam without crC '
- normal foam with CFC
- axpanded glass foam without CFC
- axpanded glass foam with CFC

LE

" €O -foam, state of development 1383.

Tl Short-Time-Tests

The following short-time tests were carried out in arder to
have a simple test method for the quality of the PUR-foams to
ba applied for operation compared to PUR-foams which were sub-
ject of the described tests:

- compression test
- ™A (Thermo-Mechanical-Analysis)
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7:1.1. Compression Test

The experimental arrangement is shown in Figures 7-2 and 7-3.
The pipe pieces were exposed to pressure load on a compres-
sion-tension-device, the speed of load application being 10
mm/min.

WORBCFAME[CMT SCITENASICHT
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Figure 7-2: Placing of the pipe and load application for
the compression test

The load probe’s length is 100 mm, the projected area of the
medium pipe 88.9 mm x 100 mm = 8890 mm’.
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Test pipa with expanded glass foam during
short-time tast
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T.1:2 TMA {Thermo-Mechanical-Analysis)

Foam specimens were taken out of the foam, being then subject
to a thermo-mechanical-analysis, see Figure 7-4.
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Figure 7-4: Schematic diagram of the TMA

7.2. Radial Creep Compression Testa

The renunciation of expansion pads causes a long lasting force
effect upon changes in direction (ageing under load).
Therefore, the pipes reinforced with expanded glass beads were
subject to a radial creep compression test. For this tast the
actually occurring loads were subjected to increased
temperatures in order to reach an acceleration effect.
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There were B0 cm long straight pipe sections DN 80 placed onto
the medium pipe and divided into 5 test steps. These test
steps were loaded with radial compressive strains of 1, 1.5
and 2 MPa. Figure 7-5 shows the compressive strains for the
creep compression test.

Querbelastbares KMR

Druckspannungen (M/mm2)

S

1 2 a 4 5
Prufabschnitte

[ Breite = 100 mm

o) gwtl. Andern aul 1,8 N/mm2

Figure 7-5: Load distribution for the creep compression
test

The loads are transferred by lever arms to sheet steel loops
which are placed around the plastic jacket pipe (see Figure

1=8)-



& ke

Figure 7-6: Load introduction by lever arms.

The tests were carried out under three different temperatures,
i.e. 160°, 150° and 140°C. The hallows of the plastic jacket
pipe caused by the compressive strains are registered by dis-
placement transducers (see Fiqure 7-7).

1 15
LrT%_ Wima® | Mime® | Moot | Mina® |

1AL

T=T1 Procedure dealing with test pipes
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The tests were planned by GEF, Leimen, and carried through at
RWIUV in Essen/Germany. Here, an interesting comparison with
radial compression strength of non-reinforced plastic jacket
pipes resulted, which were investigated in the project *
Operational Self-Prestressing®, carried through by Fernwirme
Niedearrhein GmbH, Dinslaken, Germany, took place.

Figure 7-8 shows the test bay. In the background, there are
three plastic jackets reinforced with expanded glass beads; in
the front the non-reinforced plastic jacket pipes can be seen.

Figure 7-8: The test bay
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8. Test Results

8.1 Short-Time Tests

8.1.1. Comprassion Tests

Figures B-1 to B-d4 show the load deflection curves which were

recorded by the compression-tension-device. From each type of
foam, three specimens were investigated under a speed of load
application v = 10 mm/min and an additional expanded glass
foaming pipe without CFC with v = 5 mm/min.
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For all pipes - disregarding if they are normal pipes or ex-
panded glass foam pipes, the curves are first rising to an e-
function, then they drop.

The decrease of the force is caused by pulling-off off the
foam at the lower side of the service pipe, where it is not
compressed but subjected to tension. The decrease indicates
the change in adhesion to the steel pipe for the unaged foam
under room temperature.
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Regarding normal foam (see Figure 8-1 and 8-2), the first
dropping of the force is followed by further sudden droppings.
In case of normal foam without CFC, there were 2 sudden drop-
pings, in case of normal foam with CPFC, more than 2.

These force-droppings result from the cracks which are forming
at the 2 and 10 o‘clock positions of the foam.

For expanded glass focam; the flrst force-dropping is not as
steep as for normal foam (Figure 8-3 and B-4). Besides, no
further force droppings take place. After the first dropping,
the course indicating the force is almost constantly horizon-
tal.

Considering the tests presented here, the following statements
may be made regarding the short-time compression resistance
under room temperature:

- Normal foam: without CFC bigger than with CFC
- Expanded glass foam: without CFC smaller than with CFC

- Speed of load application 10 mm/min or 5 mm/min
does not show any difference regarding the value
of the short-time compression resistance.

B8.1.2 Thermo Mechanical Analysis (TMA)

After the softening of CO, foam was found out on occasion of
the first creep-rupture-comprassion tests, TMA-measurements
wera carried out at all specimens which had been left over for
this purpose. The TMA-curves of the pipes with CO, foam are
presented in endix 1, those of the CFC pipes ara presanted

B
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in Appendix 2. The CO, foam already starts softening with
90 °C, whereas CFC foam only starts softening with 170 ®°C.

Each 5th TMA was carried through on foam between expanded
glass beads. The increased value is due to the foam's increa-
sed density, since - inspite of the beads filling - about the
same amount of foam has to be filled in because of the beads’
high surface activity.

8.2. Radial Creep Rupture Compression Tests

Appendix 3 shows the systematic for the presentation of the
results, for the example of the 160 °C test. The results for
the normal foam with CFC-11 under different temperatures are
shown in Figure 8-5. Figure 8-6 shows the results obtained for
the transverse loadable foam with CFC-11. Although the load on
the bends for plastic jacket pipe able to withstand high
transverse loadings was 5 to 20 times higher than those for
normal foam pipes, the foam’'s deformations were only 20 to 50%
compared to normal foam.
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After the occurring of short initial heat marks, The bends for
plastic jacket pipe able to withstand high transverse loadings
shows a stable load carrying behaviour which is almost inde-
pendent from time and ageing. Even under maximum load of 2

Hfmm’, the insulation suffers an average of only 7 mm, which is
tolerable.

It can definitely be stated that the transverse loadable foam
is able to bear loads which - even under the influence of tem-
perature, load and time - are at least 10 times higher than
those of normal, non-reinforced PUR foam.

The permissible radial compressive strain of the transverse
loadable foam is at least

[ all SIGPUR = 1.0 MPa

Results for the CO, foams show that in 1989 no good substitute
had been found for CFC-11.
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9. Possibilities of Application for Bends for Plastic Jacket
Pipes able to withstand high Transverse Loadings; Cost
Saving Potentials

If the remaining tests should confirm the positive results
obtained so far by applying the new bends for plastic jacket
pipe systems able to withstand high transverse loadings, the
route planning could be simplified at a large extent, because
this would be a simple method for angular deviations of the
fine routing between 0° and 90° without compensation
elements. The increased flexibility in the line routing offers
A high cost saving potential in certain cases.

Regarding the costs, another advantage would be that the per-
missible laying lengths of cold laid pipe lines would not be
limited by the maximum expansions which can be taken up by
expansion pads. This would be important also for other deve-
lopment strategies (especially for the application of cold
laying) giving a high cost saving potential.

There is another most important factor in relation to this new
development, i.e. that with the expansion pads an important
weak point of the plastic jacket pipe system can be eliminated
which undoubtedly is very useful for a long-term application.
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10. Examplas for Realization

In 1992, the first service pipes were constructed using bends
able to withstand high transverse loadings. A systematic te-
sting under operational conditions is carried out at wvarious
lines, with pipe diameters between DN 40 and DN 150. These

tests are carried out by GEW in Cologne (see Fiqures 10-1 and

10-2).
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The dimensioning of the bends able to withstand high transver-
s& loadings was carried out with the computer program system

GEFEMR [2]. Figure 10-3 shows the chosen design for the opera-
tional conditions in Cologne (cold laying, T __ = 110°C).

—

(ON | 8 imm) _["miggjetopn | Ganbitipe b | Tk
[T Ban 15 1.6 125
&5 1200 5.0 50 200
100 1300 % 5.0 365 |
150 1200 ne 7.1 229 |

Andnsitwedlende [ J60ma)

Figure 10-3: Required length for the bend, wall thicknesses
and bend radius for the test tracks at Cologne.

In Appendix 4 a complete ocutprint of the calculation according
to [2] is shown.

The calculation is checked by numercus measurements. All dis-
placements were measured with the help of measurement T-pleces
which were developed only for this purpose (see Figqure 10-4).
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— Displacement measurement with measurement
T-place

All expansions occcurring in longitudinal and in circum-
ferential direction at espacially high loaded bends were
measured at 40 circumferential points with the help of wire

strain gauges and then compared to the values obtained with
the calculation.
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KUNSTSTOFF
MANTELROHRE F{R DIE

FERNWARME

RADIALE ZEITSTAND-DRUCKVERSUCHE

Die Forschungsvorhaben des AGPW-Verbundprojekies
Neuartige Wirmevarigilung
"Batriebliche Salbstvorspannung/Unterverteilung™ wnd
"Neu# Priftechnien und Systemkomponenien
beim Kunststofl-Mantelrohr”

AGFW-VERBUNDPROJEKT
NEUARTIGE WARMEVERTEILUNG



WARMEVERTEILUNG:

KUNSTSTOFF &

MANTELROHRE
FUR DIE
FERNWARME

BETRIEBLICHE SELBST-
VORSPANNUNG BEI KUNST-
STOFF-MANTELROHREN

Wenn e kaftverlegle Laitung
zum ersian Mal die maximale Be-
tnabstemparatur armeichl, ireden
an den Leiungsenden grobe
Dehrwege aul, die j& nach den
Randbedingungen ungetihr 3 bis
4 mal s0 groB wis die entspre-
chenden Dehmwege vorgewanm-
ter Leitungan sind,

Yon vornherein war kar, daB dis
Ringbipgebeanspruchung des
stahlrohres durch ging Erhihung
der Wanddicke vernngert werden
kann, Dagepen sielll die radials
Druckbeanspruchung des PUR-
Schaumes das Hauptproblem
dar. Dse Dehnpolsterdicke kann
kaum weiter erhht werden, weil
damit die Mantelrohremperatur
weder ansizigt und dickere Dahn-
polstar auch durch den Erddruck
Starkar komprimiert werden.

D¢ Grundizpgs fir weitere: Liber-
izgungan bildet die Umersuchung
dar Druckfestigkeil des PUR-
Schaumes unter praxignahen
Bodingungen

Die zulissipe radiale Druck-
betasiung von Kunststolf-Maniel-
modwen bel den Oblichen masma-
len Mediumtemperaturen wi-
schen 130 *C und 140 °C ist bis-
her nicht unigrsucht wordan,

ZEITSTAND-
DRUCKVERSUCHE

Ersimals wurden (0 den For-
schungsvorhaben "Batrshlighs
Selbstvorspannung/Unleree:-
gllung” der Fernwirmeversor-
pgung Miegerrhein GmbH wnd
"Meue Priftechniken und Sys-
lemkomponenten beim Kuwnst-
sinffmaniedrohr” der Gas-, Elek-
frizitiits- und \Wassarweron Koin
AL Konststol-Mantalrobre radi-
alen Zeltstand-Druckversuchen
unierzopen, bel denen dis fai-

sachiich auftretenden Balastun-
gen bei erhihisn Temperzturen
aufgebracht werden, um  &inen
Iefirafinrefinkd 2u ernstan,

Dabes wurden B0 cm lange gerade
Rohrabschnitie DN B0 am Me-
diumrohr aufgetapert und in fnd
Prifabschnitie unieneill. Al die
Prifabschnifte wurden radiale
Druckspannungen aulpebracht,
die Rickstellkrifte won weachen
Dehnpolstermaterialien bis zur
oweilachen maxmalen Erdresch-
reakiion abdacken.

Die von der GEF, Leimen, ge-
planten Versuche wurden baim
RWTLV in Essen durchpetihr
Es wurde PUR-Normalschasm,
FOKW-freier  Normalschaum
{Stand 1988), hiherfester
Schaum und hoharfestar FCRW-
fredar Schaum (Stand 1889) un-
forsuchl

Die Erpebnisse der 160°C-Ver-
suche und die 2wischengrgab-
nisse der 140°C-Versuche sind in
den folgenden Abbildungen dar-
pesielit.

Eing Iwischenbeweriung zeigl,
dafl die radiale Druckiestigked
des  FCKW-freien Schaomes
(Stand 1989 bedden umtersuchten
Temperaturen wesantlich unisr
dan Werien des Normakschai-
mes Begl Die unterschiediichen
FCEW-iresen Schdume sind des-
halt fir den Fermwdrmesinsaiz
nicht geeignel. Die Druck-
festigkait des hherfesten Schau-
mes (gt etwa um den Faktor
3-10 dber der des PUR-Nomal-
schaumes.

Eine abschhigBende Bewertung
Kann ersi vOrganmmimen werden,
wenn weitere Versuchsergeb-
nesse vorlisgen
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AWTLV
Steubenstrafie 53
W-4300 Essen 1

Tel. (02 01) 825-26 13
Fax, (02 01) 825-25 41

GEW
Gas-, Elektrizitits- und Wasserwerke Kiln AG
Parkgiirtel 24
W-5000 Kain 30 (Ehrenfeld)
Tel. (02 21) 178-0
Fan. (02 21) 178-33 22

GEF
Ingenieurgeselischaft fir Energietechnik
und Fernwirme GmbH
Ferdinand-Porsche-5tr. 4 a
W-B506 Leimen
Tel. (062 24) 7 &0 B1
Fax.{0 62 24) 7 T1 31

FH
Fernwiirme Niederrhein
Gerhard-Malina-Str. 1
W-42H Dinsiaken
Tel. (021 34) 605-0
Fax. (0 2134) 605-129
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Cuerbelastbarer Bogen,DN 100,L1=100m, L2=5m,h=0.6m

Seite - 1 -

G EF K M R+1, Version 52.1

Statische Berechnung von Rohr-Systemen

mit Beriicksichtigung der nichtlinearen Batt
* FR'(v) - Erhdhung der axialen Reibungs

* Q7(v) - zusBtzliche laterale Streckenlast

mit v = laterale Auslenkung

funktionen
aft FRg' und

BEERECHNUNGSBASIS

- Reduktionsverfahren mit verstdrkter Abl8#sung der statischen
Unbekannten (Sicherung numerischer StabilitHt)
- Federkonstantenverfahren fiir iterative Erfassung der Reibung

P

EINGABEDATEN

Fommissions-Nr.: 61440
hufr.rquehe: 1 GEW Kiiln

‘l.rnrspn.nnt.empnrntur* ......... ‘o 10.00
Verlegetemperatur....cooeescnns 10.00
Abminderungsfaktor Reibkraft .. 0.85
Abschnitts - Anfangspunkt ..... AP
mmttﬂ‘mmkt ® 8 & BB R EE B Plﬂ'
AussendurchmeSsSer ....:::::: v ek 114.30
WD EKE . oo cnnai s b8 e 3.20
Mantelrohrdurchmesgar ....coees 200.00
E"Hf.'ﬂﬂ'l.ll LR R R IOE ﬂﬂ
Temperatur (MAX) .scscscscsssss 110.00
zul. PUR-Druckspannumng :sssssss 0.15
innerer tiberdruck ....... aabens 6.00
mcmg AR TR ui-aﬂ
Winkel der inneren Reibung ... 32.50
m.m-i-l----i-+-+li+-r-i-++ll+i-l 1?1-3“
E --------- U TR O ] Rk R E RN 951- u
T'Ei?uﬂg 5 E @ FE B SEEEEEEdEEEEEEE =8 lﬂ' -

B&ttmga-ﬂlarakter Blatt STaieian 3 -

Abschnitt 1



Zeit 16:29:31 Datum 25.05.1992 Seite - 2 =
GEF Ingenieurgesellschaft mbH
Querbelastbarer Bogen,DN 100,L1=100m,L2=5m,h=0.6m
Abschni £ punkt 10 BMERELE: 2
tts - Anfangs LT,
Abschnitts - Endpunkt ..... »ans P20
Aussendurchmesser ........csooess 114.30 mm
WanddickR cccissssccasnassann g 3.20 mm
Mantelrchrdurchmesser ... .c:.. 200,00 mmm
E'-Hﬂdl.il R OE R e RN E R e e e B E d R R B &R Eﬂﬁ-nﬂ k-"!"m**z
Temperatur (MaxX) ..svsvsvrsssns 110.00 Grad C
El.'l.l.. m-mckﬂmm‘q R W R W B u+15 HJ'I'MLE
innarar B 5w G 6.00 bar
............ 0.80 m
Winkel l:ler imlanan F.Eihung P 32.50 Grad
GAMMA ..ccesasssassns T . 19.00 kN/m*+*3
L.li.ngu ......................... 3.70 m
TelluNg ...cceverrrrnsarannnans 10 -
Betttmga-trmrukt&r Blatt ..... 3 -
Abschnitt 3
Abschnitts - Anfangspunkt ..... P20
.ﬁ.bﬂ-lﬂ'mittﬂ--ﬁ'idpilﬂﬁ: BAow owE e s W PJG
Aussendurchmesser ............. 114.30 mm
Wanddlcks e asssnsainsis P 5.00 mm
Mantel rohrdurchmoasser ... .cccce. 200.00 mm
E_m e EFSESE ST Euﬁfﬂu m!m"z
Temperatur (MAX) ..isssssssssss 110.00 Grad C
zul. PUR-Druckspannung ........ 0.15 N/mm2
innerer Uberdruck ...icvssssnas 6.00 bar
Immg 2 R4 F T EHERFRFAFREASAEERYg ﬂ-ﬂn I.
Winkel der inneren Reibung .... 32.50 Grad
MR i o iicn i e e ma ok 0 e . 19.00 kN/m**3
I-HI“;E RN B E S R E N EdEEEE S Ew ﬂ.zﬂm
Tﬂil 5B & F 48 EE4EEEESESEEEEEEW ? it
Battw&gﬁ—-f.‘.'tm:ﬂktm‘ Blatt ..... 3 -
Abschnitt 4
Abschnitts - Anfangspunkt . . P30
Abschnitts - Endpunkt ......... P40
AngsandurchmeBBar . ... o4 ¥ 114.30 mm
Wanddicke ...ccceciviicisassna R 5.00 mm
Mantelrohrdurchmesser ..... PR 200.00 mm
B-MOBUL e vria e ead s s 206.00 HiT**i
TemMPETATULr (MAX) +ccocovassssas 110.00 Grad C
zul. PUR=Druckspannung ........ 1.00 N/mm2
innerer Uberdruck .......ccc... 6.00 bar
mcm & F ke @ 2 EERE R A REEEEEE R 0+Enm
Winkel der inneren Reibung ... 32.50 Grad
Gm B R OE @R R SRR s E SRR EE R R @ E & & lg&ﬂﬂ HHJ'ITI**B
..................... PRI 1.10 m
b 1N L e T e SR S 4 -
Bettungs-Charakter. Blatt ..... 3 -
Ablenkwinkel ......covvviannnas 90.00 Grad
Bogen-Radius ....cocccescasnass 345.00 mm
Eﬂgﬂn-ﬂil'ﬂdil:hﬂ BB & EE S EEEEE S 'E+3um
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GEF Ingenieurgesellschaft mbH
Q‘uarheluﬂthﬂrﬂr Bogen,DN 100 L.'r.==1|:lﬂm,L1‘*5m,h==ﬂ Gm
Abachnitt 5
Abschnitts - Anfangspunkt ..... P40
Abschnitts - Endpunkt ........ . P50
Aussendurchmesser sessssssrsa0as 114.30 mm
ALK csoasvrsassnsmiasas s 3.00 mm
Mantel rohrdurchmes8er ....cvoeas 200.00 o
E=Modul ..vsvessnassiansnsaa 206.00 kN/mmwe2
Temparatur {ma:] 110.00 Grad C
zul. PUR=DruckSpannung «....... 1.00 N/mm2
innerer Ubardruck .....oc0veuus 6.00 bar
DGO -« v/ciai v e b booiivie ais s s s s dn 0.80 m
Winkel der inneren Reibung .... 32.50 Grad
m Ak E SRR SR E e R R R R lg-l-nn Hi;m‘*a
I.a &I-Iirlrl+l+l+l‘lr-rllrllli- 1+1ﬂm
POR LI vnh bn s b0 d 0w T R 4 -
Bettungs-Charakter. Blatt ..... 3 -
Abschnitt &
Abschnitts - Anfangspunkt ..... P50
Abschnitts = End%t ......... P60
Aussendurchmesser ....ccessrsass 114.30 mm
wlc‘kﬂ LEE A B ] RS EEE s 5-nu m
Mantelrohrdurchmesser ..ssevs s 200,00 mm
E-Hnjt.ll "R R R R R Ere R kR R anII-Dﬂ kﬂf’m**z
Temparatur (MAX) ..svescosssins 110.00 Grad C
zul. PUR-DruckSpANNUNG «..ouxss 0.15 N/mm2
innerer Uberdruck .....cccvuus. 6.00 bar
1 e L S e M 0.80 m
Winkel der inneren Reibung .... 32.50 Grad
m lllllll &R R R R F R R RS W lg-l-uu mfmi'-;
- Ry SR Sy 0.20 m
PREIUNG covasvsssansnsamsensses 2 =
Bettungs-Charakter. Blatt ..... 3 -
Abschnitt 7
Abschnitts - Anf spunkt ..... PED
Mbachnitts = w.rgkt P P70
Aussendurchmesser .......cses0 114.30 mm
Hﬂnﬁj—cm AR F R AR FEE SRR 3-2“m
Mantel rohrdurchmesser ......... 200.00 mm
B=MoAL - oiaa i s e i E e AR 206.00 kN/mm*+2
ratur {m.u:j R S A 110.00 Grad C
zul. PUR=DruckSpannung .....«.. 0.15 N/mm2
innerer Uberdruck ......ccvcu.. 6.00 bar
mﬂkmg R R R R E R E R E SRS R EaE n"anﬂ
Winkel der inneren Reibung .... 32.50 Grad
= T e WS AR e 19.00 kN/m*+*3
P - R e O S R S e g 3.70 m
Lo B R R e e 10 -
Bettungs-Charakter. Blatt ..... 3 -
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Querbelastbarer Bogen,DN 100,L1=100m,L2=5m,h=0.6m

- - I O S S L S . O R I e e e e S s S

ERGEBHNISSE

Schnittgrifen

u mm - Verschiebung axial, pesitiv: in Berechnungsrichtung
v mm - Verschiebung lateral, positiv: horizontal nach rechts
psi mrad - Verdrehung um vertikale Achse, positiv: rechtsdrehend
M kim - Biegemoment am pos. Schnittufer, pos. Richtung wie psi
N kN - Fraft axial dto. ; poB. = Eughainatung
0 kN = Querkraft dto.

SIGV MPa -

Vergleichsspannung aua:imum aus Berechnungen an Innen-
und Aufenfaser in 10-grd-Schritten in Umfangsrichtung,
drtl. Spannungsfaktoren nach ASME)

wWeitere Ergebnisse und Angaben

* kN/m - axiale R&ibimqsk;:nft - gesamt
D'(v) kN/m - zusitzliche laterale Streckenlast durch v-Varschiebung
SHR = Schnittnummer innerhalb eines Abschnittes

KE = G - Fennzeichen fiir geraden Bereich
EE = B - Eennzeichen fiir Bogen
SHR KZ FRg' Q'(v) u v pei M N Q SIGV
vaon: AP  bis: P10 ; Abschnitt 1
0G 0.0 0.0 0.0 0.0 0.0 0.00 =254.26 0.00 238.1
1G 0.0 0.0 0.0 0.0 -=0.0 =0.00 -254.24 0.00 238.1
2G 0.0 0.0 0.0 =0.0 0.0 0.00 -254.13 -0.00 238.0
3G 0.1 0.0 0.0 =0.0 =0.0 =0.00 -253.79 0.00 237.7
4 G 0.2 0.0 0.0 =0.0 0.0 0.00 -252.77 =0.00 236.8
56 0.5 0.0 0.1 0.0 =0.0 -0.00 -249.75 0.00 234.1
&G 1.4 0.0 0.4 0.0 0.0 0.00 -240.77 -0.00 226.0
76 3.2 0.0 1.3 0.0 =0.0 -0.00 -218.72 0.00 206.3
g8 G 3.2 0.0 3.4 =0.0 0.0 0.00 -187.81 -0.00 178.6
9G 3.3 0.0 6.B -0.0 =0.0 =0.00 =156.51 0.00 150.6
10 G 3.3 0.0 11.4 =0.0 0.0 0.00 -125.03 -=0.00 122.4
von: P10 bis: P20 , Abschnitt 2
0G 3.3 0.0 11.4 =0.0 0.0 0.00 -125.03 -0.00 122.4
1G 3.3 0.0 11.6 0.0 0.0 0.00 -123.80 =-0.00 121.3
26 3.3 0.0 11.9 6.0 =0.0 -0.00 -122.57 0.00 120.2
3G 3.3 0.0 12.1 0.0 0.0 0.00 -121.34 -0.00 119.1
4 G 3.3 0.0 12.3 0.0 -0.0 =0.00 -120.11 0.01 118.1
5 G 34-3 ﬂ.ﬂ 12-5 ""{.llﬂ 'j-l-ﬂ ﬂ-:”. '113-5“ —ﬂ.l:H 11?-!3
6 G 3.3 0.0 12.7 0.0 -0.0 -D.04 -117.65 0.15 117.2
717G 3.3 0.0 12.9 0.0 0.0 0.16 -116.43 -0.55 120.0
B G 3.3 0.0 13.2 0.0 =0.2 =0.60 -115.20 2.06 133.5
9 G 3.3 0.0 13.4 0.0 0.7 2.24 =113.97 =7.67 186.7
von: P20 bis: P30 , Abschnitt 3
0G 3.7 23 13.6 0.2 -1.1 =5.68 -113.04 22.37 202.5
2G 4.3 9.3 13.8 =0.3 -31.8 =7.05 =112.31 =9.37 237.3
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GEF Ingenieurgesellschaft mbH
Querbelastbarer Bogen,DN 100,L1=100m,L2=5m,h=0.6m
SNR K2 FRg' Q'(v) u v pai M N Q SIGV
von: P30 bis: P40 ; Abschnitt 4
0G 4.3 9.3 13.8 =0.3 -3.8 =7.05 =112.31 -=9.37%7 237.13
1G 13.9 31.2 13.9 -1.2 -6.0 =5.11 =110.58 =13.20 213.0
2 G 20.8 51.5 14.1 =2.5 =7.3 =2.07 =107.30 =21.00 161.8
3 G 26.0 66.7 14.2 =3.9 =7.1 2.81 -102.88 -32.16 176.4
i G 29.2 76.2 14.4 -5.1 -4.8 10.07 -97.87 -45.64 341.56
0OR 29.2 T6.2 14.4 -5.1 -4.8 10,07 -=-97.92 -45.64 412.3
1B 33.8 B9.5 13.4 -7 .5 =2.8 12.21 =102.43 =33.57 493.2
2B 6.6 97.5 12.2 -9.6 -0.4 13.69 -104.85 -21.53 549.3
3B 38.3 102.4 10.6 =11.3 2.3 14.53 =105.2T7 =9.62 581.4
4 B 39.3 105.5 8.7 =12.6 5.0 14.74 -103.77 1.99 590.2
5B 39.9 107.2 6.7 =13.5 T.7 14.33 =-100.44 13.09 576.6
5 B 9.9 107.2 6.7 =13.5 7.7 14.33 =-100.44 13.09 576.6
& B 40.2 108.0 4.6 =13.9 10.2 13.34 -95.40 23.46 542.0
7B 40.0 107.8 2.5 =13.8 12.6 11.81 -BR.B0 32.90 488.2
BB 15.1 106.7 0.4 -=13.3 14.6 9.81 -Bl.4B 41.23 417.2
S B 39.7 104.7 =1.6 -=-12.4 16.2 7.38 -75.09 48.50 331.6
10 B 8.4 101.5 =3.4 =11.1 17.3 4.58 -£9.05 55.04 234.5
von: P40 bis: P50 , Abschnitt 5
leg 34.5 90.4 -3.2 =7.8 17.4 =-4.00 =75.68 36.94 221.7
26 28.5 72.%9 -=3.1 -4.7 15.0 -9.36 -81.63 21.52 1328.6
16 19.6 47.3 -2.9 -2.2 11.2 -12.13 -86.17 10.18 369.4
4G 6.2 15.3 -2.7 -0.5 B.B -13.21 -88.61 4.28 365.9
von: P50 bis: P60 , Abschnitt &
0 G b.2° 15.3 =-2.7 -0.5 6.6 =13.21 =8B.61 4.28B 3565.9
1G 3.4 0.0 =2.6 0.0 4.1 -13.5 -89.08 3.51 360.1
2G 4.3 B.8 =2.6 0.3 1.9 =-5.70 -89.46 -38.18 280.7
von: P60 bis: P70 , Abschnitt 7
0G 4.2 B.8 =-2. 0 0.3 1.9 =-%.70 -89.10 -38.18 426.4
1 G 3.3 0.0 =-2.3 =0 .0 -1.2 3.83 =90.51 =-36.55 218.3
2 G 3.3 0.0 =2.0 =0.0 0.3 -1.03 =-91.74 13.11 126.5
3G 3.3 0.0 -1. -0.0 -=0.1 0.27 -92.98 -3.51 102.8
4 'G 31-3' '|:|+ﬂ "'"1 r5 -r.'+ﬂ u'+ﬂ -ﬂ- UT -941-22 l:hg" 9'!. +3
5 G 3.3 0.0 =1.3 =0.0 =0 .0 0.02 =95%.45 =0.25 96.6
B G 3.3 0.0 =1.0 =0.0 0.0 -0.01 -96.69 0.07 97.2
TG 2.5 0.0 =0.8 =0.0 =0.0 0.00 =-97.77 =0.02 98.1
B G 1.7 0.0 =0.5 -0.0 0.0 -0.00 -98.55 0.00 98.7
9 G 0.8 0.0 =0.2 0,0 =0.0 0.00 -=99.01 -0.00 99.1
10 G .0 0.0 -0.0 -0.0 =0.0 -0.00 -99.16 0.00 99.3
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GEF Ingenieurgesellschaft mbH
Querbelastbarer Bogen,DON 100,L1=100m,L2=5%mn,h=0.6m

Ergebnisauszug (Maximalwerte)
1. PUR-Schaum und Mantelrohr

ANR = Abschnittsnummer sDP mn - Dehnpolsterdicke
TAUPUR MPa - PUR-Scherspannung

SIGPUR MPa - PUR-Drucks

iibrige Bezeichnungen wie zuvor

ANR KZ FRg* TAUPUR Q°(v) SIGPUR sl
vorh. zul.
16 =3.3 =0.009 0.0 0.0000 0.1500 0
26 =3.6 =0.010 =5.3 0.0464 0.1500 0
I -4.3 =0.012 9.3 0.08B16 0.1500 0
4G =-29.2 =0D.081l* 76.2 0.6665 1.0000 0
4B -40.2 =0.112* 10B8.0 D.9446 1.0000 0
5G 38.4 0.107+ 101.5 0.BA79 1.0000 0
b G 6.2 0.017 15.3 0.1338 0.1500 0
i 4.2 0.012 =8.8 0.0771 0.1500 0

zul. Werte: 0.030
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Querbelastbarer Bogen,DN 100,L1=100m,L2=5m, h=0.6m

2. Stahlrohr

2.1. Maximale Umfangsspannung aus Innendruck und Ringbiegebelastung
PHI Grad - Umfangswinkel

P bar = Innendruck

SIGT(P) MPa - Umfangsspannung infolge Innendruck
SIGT(Rb) MPa Hinghiegeapamuﬂg infolge Querpressung
sIGT SIGT(P) + SIGT(Rb)

zul. SIGT MPA - zuldssige Tangentialspannung

—— e e —— ———

ANR SNR KZ PHI P  SIGT(P) SIGT(Rb) SIGT zul. SIGT

5 0 6 9% 0.00 0.0 66.7 66.7 140.0
5 0 G 90 6.00 6.6 65.7 T2.3 140.0

2.2, Detaillierte Spannungsanal
am Ort mit der maximalen vg.:.:;,teinhapunnung

Spannungsermittliung und Bewertung nach ASME und AD-52
Die maximale Vergleichspannung tritt auf in

AMR SMR EE PHI Faser
4 4 B 1B0 aupen

Spannungsart (in MPa) i SIG.: .
Bennspannung infolge Innendruck 1.0000 5.20
Tangentialspannung 590.15
Axialspannung 110.89
Radialspannung 0.00
Ringbiegespannung 0.0621 53.50
Gesamtspannung 590.16

zuldssiger Wert 5918.00








