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1. Introduction

For many years plastic jacket pipes proved worldwide to bea an
economic and reliable laying system for district heating
pipelines. Especially during the 80's the state of knowledge
was documented in numerous investigation reports [l to 7). For
the production of the pipes up to now the blowing agent CFC=-11
was used, which as cellular gas was also responsible for the
geod heat insulation of the PUR-foam.

Considering their ozone-depleting effect, CFC-11, as well as
other fully halogenated chloric chemical compounds were
adopted intoc the Montreal Protocel, which means that their
further application is limited. As a consequence, individual
countries issued laws and regulations regarding the banning of
thase substances during the next few years.

Searching for alternatives for the CFC-containing foam the
industry followed different methods, the most importants of
which are described in Section 3.

In view of new investigation results (climate measurements)
and the political pressure, the Montreal Protocol as well as
the national regulations are subject to constant changes. The
present (February 1392) state of the plastic jacket pipes is
described in Chapter 4, on the basis of a Swedish IEA-survey
and a new German study.

The assessment of these alternatives is in most cases based on
values obtained by the application of the proved CFC-
containing foam. Chapter 5 gives a description of the
technical prerequisites for new foams, paying special
attention to

- shearing resistance

- compression strength

- temperature resistance

- aging resistance (service life).
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During the last years numerous inveatigations on the new foams
have been carried out. The most important investigations and
the corresponding results are presented in Chapter 6.

Since the end of 1991 it is tried to internationally co-
ordinate the investigation programmes (Chapter 7). In view of
the cross-border co-ordination in connection with investigated
foam systems, the applied stresses and the testing
temperatures, there is the prospect, that single investigation

rasults may form part of a useful global assessment (Chapter
8).



2. Summary

Within the next years, the application of CFC=11 will be
forbidden in all of the investigated countries. In the
district heating markets there are three alternative foams for
plastic jacket pipes offered today by commercial production:

- CoO2=foam from different manufacturers

- M90=-foam from ABB C.I. MBller, blown with 1.1.1-
trichlorethane and HCFC-22

- ‘green foam’' from TARCO, blown with HCTC-142b and CO;.

Internationally there are no restrictions regarding the
application of CO;=foams.

Foams containing l.l.l-trichlorethane (such as M90) may be
used for some more years; still, there has been determined a
deadline in all of the investigated countries (depending on
the country there will be a ban between 1994 and 2005).

Foams based on HCFC-142b and CO; are still allowed in most
countries except Switzerland; here, all HCFCs are banned from
the year 2000 onwards. According to international statements
and national legal projects there is a trend that the
production or application of all ozone-relevant foams shall be
reduced.

For the safe operation of plastic jacket pipes with CPFC-11-
free foams it is indispensable that the technical requirements
rasulting out of the thermo-mechanic stresses are met. These
requirements regard

shearing resistance
compression strength
tamperature resistance and

aging resistance (service life)
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During the years 1987 to 1991 several countries carried
through intensive investigations on CFC-free foams, but these
investigations were substantially impaired by the following
facts:

- During the above mentioned period the foams were still in
A nascent stage.

- In many cases the test methods were not suitable for CFC-
free foams.

= Heithar the investigated foams nor the test conditions
were coordinated between the testing agencies.

Mot until in 1992, coordinated investigations on reference
foams started. The agreement on reference foame and the
coordination of the test conditions constitute important
preraquisites for a global assessment. Thanks to the
cooparation, investigations carried through at different
testing agencies and with pipes and test cubes can ba
compared .

There are plans to adopt the new test concepts, which are
independent from blowing agents, for the European
standardization. Then, the required design approval tests for
the marketed foams from the various manufacturers may be
carried through. The only gap in the new test programmes which
are accompanied by the European Project Group is the fact that
inveatigations on the axial shearing resistance are missing.
The axial shearing resistance is the most important
characteristic of plastic jacket pipes, i.e. it allows
endless-laying without expansions joints (see page 3i8).

It would be a pity if conclusions on the axial shearing
resistance could be drawn only from tangential creep tests. If
there should be any financial means available for the
investigation of CFC-free foams, these should be allocated for
the determination of the axial shearing resistance.
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There remains the hope that the development of the COy-foams

continues the trend shown during the last years, reaching
gradually a higher temperature resistance so that this type of
foam which is most favourable for the environment meets all
the thermo-mechanic requirements.



3. Alternatives to CFC-blown Foamos

During the last years the industry has made efforts te do
without the proved but still ozone-depleting blowing and
insulating agent CFC-11. To reach this aim various development
strategies are followed.

3.1 Reduction of CFC-11

This was the first line of development which the industry
followed in the middle and late 80's [8 and 9]. Regarding the
fact that CFC-11 is forbidden, this development is not
continued.

3.2 MApplication of HCFCs

As a consequence of their different chemical structure (single
hydrogen atoms instead of perhalogens) these substances are
easier decomposable and do not reach the atmosphere
completely. Contrary to CFC-11, which is considered a "hard"
CFC, HCFCs are called *"soft® CFCs. Like CPC-11, HCFCs act as
physical blowing agents, i.e. they start boiling under the
influence of high reaction temperatures, without that they
themselves would take part in the reaction. Therewith the
application of HCFC offers the possibility to further take
advantage of many characteristics as possible of the CFC-11
blown foams.

The following substances which are applicable for plastic
jacket pipes form part of this group of foams:

HCFC-123
HCFC-141b
HCFC-142b
HCFC-22

It has to be mentioned, though, that none of these substances
has a boiling point comparable to CFC-11 (with room
temperature), so that CFC-1l cannot simply be replaced by a
HCFC. S5till, the production of plastic-jacket pipes is



possible using different blowing agents such as HCFC-142b and
€C0; or 1.1.1-trichlorethane, HCFC-22 and pentane.

3.3 Ccoy-foams

With regard to the protection of the ozone layer, COj-foams are
absolutely undangerous, the ODP (ozone depleting potential)-
value is 0. CO,-foams will definitely not be subject to
stricter regulations (which are to be expected).

With CO; as cellular gas, the PUR-foam has a significantly

higher caloric conductability - even when it is new - than
CFC-11 blown foams. Whereas CFC-11 remains mainly in the foam
during its service life, C0O; diffuses out of the cells, being
raplaced by atmospheric air, so that the lambda value still
increases during operation time. As a consequence the heat
losses are significantly higher than with CFC-11 blown pipes.

€O, is a chemical blowing agent which results by the reaction
between water and isocyanate. The proved polyols have been
developed and optimized during several years and are based on
CFC=11 as blowing agent. Due to CFC's low wiscosity high
viscouse polyols with high OH-values could be applied which
guarantead a good thermic stability.

If CFC=-11 is replaced by water (therewith CO,-blowing method),

it is not possible anymore to foam the usual pipe lengths of
12 m and more with the proved highly viscous polyols. Here,
either the production method has be to changed (for instance
technic applying a drawn-out filling pipe or endless
manufacturing) or new free-flowing polyols have to be applied,
the development of which is only in the beginning.

With the application of new polyols the firat CO,-foams which
ware tested at the late B0s in plastic jacket pipes, a
gsoftening of the foam was detected already with temperatures
of about 100°C. CFC=11 blown foams remain hard up to over
160°C and are then thermically decomposed [(burned). Since that
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time the softening temparaturea of tha CO,-foams has
continuously risen thanks to intensive development work by the
chemical industry. If this development continues in the

future, CO;-blown PUR-foams will be applied without any problem
even in thermically highly stressed district heating networks
with outgoing temperatures of 130°C or 140°C.

3.4 Future foam systems

Future foam systems for which other possible blowing (such as
HFAs) and insulating agents may be applied, are possible only
in view to a long-term period.

Here, it has to be pointed out that such alternative
substances often have other detrimental effects to the
environment. HFA 134 for instance enforces the greenhouse
effect a thousand times more than CO;.
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4. Legal Outline Conditions

The development of international ozone layer protection is
shown in [10]:

When the Montreal Protocol was adopted on 16 September 1987, a
freeze on halons and a reduction of some CFCs by 50 per cent
was all that could be agreed upon. Notwithstanding the
willingness of some countries to go further, to achieve more
was thought to be impossible by many in the light of the
difficulties to find substitutes and regarding the costs
involved.

Barely three years later the amendments adopted in London on
29 June 1930 revised and strengthenend the original protocol
in two important respects: first the scope of the Montreal
Protocol was widened to include more groups of substances and
sacond it was agreed on a tighter timetable for phasing-out
CFCs and halons. The London amendment imposed a ban on all
CFCs and halons from the yesar 2000; the same timetable was
imposed on carbon tetrachloride. A ban on 1.1.1-
trichloroethane was set for 2005. A non-binding phase-out was
agreed upon concerning partially halogenated HCFCs. Technical
progress achieved between the adoption of the original
protocol and the amendments thereon meant that an accelerated
reduction schedule could be agreed upon with the confidence
that the wish of phasing-out the use of ozone-depleting
substances could be fulfilled by the use of new technologies.
The experience might be interpreted as proof that innovation
actually can take place very gquickly, if the need for it is
evident and the political framework reflects that need.

So far, the dynamic technical in the substitution of ozone
depleting substances has allowed for the reduction of the
production and the application of ozone depleting substances
to be accelerated. The international declarations and
legislative measures adopted at naticnal level indicate that
an agreement concerning a tightening of the phase-out
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schedules is not only possible but rather likely.

In October 19%0, Mr. Sture Anderson of Malmi Energi AB
interviewed international colleagues about the legal
regulations for the application of CFC-11 and various HCFCs as
well as in view to the estimated market shares for single
tpyes of foams for the laying of plastic jacket pipes in their
countries [1ll]). The result of these interviews is shown in
Tables 4-1 to 4-3.

Country Expiring date

Denmark 1985-01-01

Finland 1999-01-01 *) Investigation
Germany 1995-01-01 from

The HNetherlands 2000-01-01 1990

Sweden 1995-01-01 =+)

Switzerland 1995-01-01 #%w)

USA 2000-01-01

*) Proposal of speeding up to 1995-01-01 is made. Decision
will be taken before end of year.

**) Proposal of speeding up to 1991-07-01 is made. GATT has
been notified about planned import restrictions.

*%%) For most applications already during 1991.

ab q-1: Time schedule for banning of CFC-11 [11]
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oun Expiring date

Denmark Mo decision taken *#)

Finland No decision taken Investigation
Germany 2000-01-01 el ) from
The Netherlands Ho decision taken 1990
Sweden 2000-01-01 i 2 |
Switzerland 2000-01-01 EREw)

USA 2000-01-01

*) Trichloroethane banned from 2005

¥ ) For HCFC-22

LE bl Special import taxes notified from 15991-07-01
FhEw) Trichloroethane banned from 1995

Table 4-2: Time schedule for banning of HCFCa [11)
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Blowing agent
Country CFC-11  HCFC-232 Coz
Denmark *) *) *)
Finland S0 3 - Wit |
Germany 100 1] 1]
Holland 70 20 10
Sweden < B0 7 ww) = 20 #ww)
Switzerland = 100 0 = 0,1
UshA a8 = ] = *iill
*) Mo answer given in guestionnaire
e The HCFC-share in Sweden ist not investigated, but
ought to be low, if any
k) In Sweden and Finland local authorities (communi-
ties) may take decisions not to allew the use of
CFCs
rEEE) In USA, CFCe are believed to bacome phased out of

the market in 1993-94.

-3: Estimated Market Shares 1990 (%) [11]

The result of these interviews may be comprised as follows:

In most of the interrogated countries CFC-11 will have to be
banned between 1995 and 2000. In some countries the
application of HCFCe has not been regulated so far, in other
countries there are phase-out schedules for HCFC-22 or 1.1.1-
trichlorethane. In the year 1990, CFC-11 blown pipes still had
the largest market share in the interrogated countries.



15

From 1990 on further international agreements were concluded
as to the protection of the ozone layer. This is reported in
[10].

Comparable to the adoption of the Montreal Protocol was the
adoption by the European Economic Community (EEC) of its
Regulation (EEC) No. 594/91 of 4 March 1991 on ®"Substances
that Deplete the Ozone Layer." This legislative act, too,
involved an agreement by a number of countries with differing
interests and positions. The phase-out schedules adopted by
the EEC in this regulation are tighter than those agreed to in
London just eight months before. The reduction timetables for
CFCs, halons and carbon tetrachloride were tightened whilst
that for l.l.l-trichlorcethane was maintained.

The Swaedish government went even further than the EEC in its
Government Bill 1990/91:90, “A Living Environment®, which not
only accelerated phase-out schedules for all groups of
substances but brought HCPCs into the scope of the regulation.
These substances; which are regarded as sorely needed
substitutes for fully halogenated CFCs by some people but as
an extension of the problematical use of ozone-depleting
chemicals by others are to be banned - subject to exceptions -
from the year 1994. Sweden has probably gone farthest in the
adoption of legally binding timetables for phasing out the use
of ozone depleting substances and is therefore included in
this comparison. The following table gives a comparative
ovarview of the development of these phase-out-schedules.

The first column ldentifies the substances as they appear in
the annexes of the Montreal Protocol and the baselines to
which reduction percentages refer. In the middle of the table,
two columns the phase-out-schedules adopted in Montreal in
1987 and in London in 1990. For better understanding, entries
are made only for those years in which changes in the
reduction occur. Between such lines, previous reductlon
percentages apply. The comparison of these two columns gives
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an impression of the progress made in the meoantime. Note that
the London Amendment changed the basis for the halon reduction
schedule to 1989 guantities.

The third column contains the phase-out-schedule adopted by
the Eurcpean Economic Community in 1991 involving even tighter
reduction timetables. Note that 1986 gquantities remaim the
basis for the halon reduction percentages. Progress is most
visible in the reduction of CFCs.

The last column, following the same logic, presents the
reduction regima adopted in the Swedish Environmental Bill.



17

Substances
AN BELEkHER

v L |

Annex &
Group |
Dasgana THES

iz

Annex &
Group 1
Sase e HEG

e g

1201, 0 M0

&nnex B
Group |
DS e | FES

£EC A, 11112

L IR gsiam

P15 JoE 317

Annex B
Group 1l
Daded <8 23D

CofEe tel achionge

Annox B
Group i
Bayarre 1359

1.0, 1 ominang

Annex C

casmsra 1553

M HOFD!

T2 17 374 his

Cieigimal Protoced
16 Sopember 1987

ol g T TR T ]

Heele
30 2 oer cenl raducton

07 mw CErt P s

[E
h i

e
Le S

L R T

nof incogdted

B= g AN ]

Montrgal Protocal

Londan Amendment
70 June 1680
Iniktrmeng el s

B0 e el reaucson

B 0 par Lo pRauCsan

oan fram FC0 0 01

Dasgane atwed 1o 1568

500 p oo roduchion

oan feom 2000 01 01

300 pe CErT rRCLCROR

850 pe cor reduchon

Ean g 2000 41 i

BA. O per e reducen

Ban dram 2000 01 06

00 P ST PETUEEa

M0 per Ser reduohsn
Ban o 2005 & 09

Fria - Chll i ot

EEC Reguiation
4 March 1681

X311 oar oo retochon’
500 e Clel P LERann
&7.5 por CECE deduciion

B5.0 g cord redacnon
Ban rpm 1957 08 307

pasedne remaired 1584
WparE

50 0 per LRI FRdRCoN

it higermy 200001 1

0.0 per Com tedachion

&7 5 Db GO 1EGuCTICn
&5 0 po DB 1EduChion
Ean inoh EDGT 0F O

500 ot DA MsdoCiaon
5 D P 0O riaCRon
SEA am 1EE 0 01
T

H 0 o QO R uCtenn

T0.0 pier canl maducian
an om 2068 Gy 01

Asporting and urdoata
R i Lt RS, Oy

Sweden

Govennmt. Bill #5590

1.0 par Carl reducon

k|
i b 1988 01

#shrm. 350 % neaucaan

ban from TREA O 01

230 Do R TRIUCRON

Bt weem TG0 O1

£ 0 pair corE Faduchion

B2 0 Dy CHTR FROLCRDN

can Mom 198801 0

Ban trgm 1585 01 00

Ban o bR 0y @18

Excepd 1o Mambe' Tiibes Fawng roductd Mo tnan 15000 i i f 08 whern 3 el 3 adpked fom 1 Jury Y830 8 31 Dacesm

Dar 19922

243, 34 PRV FEP PE1 OE1. 2EZ, AT

" Later changed to 1991-07-01

lable 4§-4:

Subica i3 SECeRong 80 cordunabons with EFTA and EEC

[17]

Comparison of phase-cut-schedules [10]

B 5 s Coni reduchon Fom FEET O 00 b 13ET 00 30 Excephions for essential uss oSS untl 31 Decern b 15 &1 the lest i
no HEnasE il

B2 per oo ceduchon Fom 188F 00 01 1 195T 08 30,
HCFC 1. 28 31, 121, 122, 120,134 151, 132, 1331 141, 142, 151, 231,290 203, T4, T25, ZE, 730, 232, 200, 234, INL Bat, 242,




18

The table demonstrates the progress made in the regulation of
ozone-depleting substances in the short period of three and a
half years. The table also shows the trend towards including
more and more substances in the phase-out-regime and the trend
towards accelerating phase-out-schedules of those substances
already within the scope of the Montreal Protocol. Thesa
trends are likely to persist, if the declared position of a
number of countries favouring an even earlier ban of ozone-
depleting chemicals prevails.

Perhaps the most important recent development in this respect
was the Nairobi Declaration which can be expected to exert a
significant influence during the discussion leading up the
revision of the Montreal Protocol in Copenhagen in November
1992.

buring the third meeting of the Parties to the Montreal
Protocol on 19-21 June 1991 in Nairobi the heads of the
delegations of several countries agreed on a statement
reflecting their concern about the slow speed of the CFC and
halon phase out in the light of recent scientific findings
about the stratospheric ozone layer. The seven signatory
states are Sweden, Finland, Norway, Switzerland, Austria,
Garmany und Denmark. These states thereby declared their
intention to accelerate the phase-out of the reduction and
consumption of CFCs, halons, carbon tetrachloride and 1.1.1-
trichloroethane laid down in the London amendment to the
Montreal Protocol. At the same time, the use of HCFCs is to be
limited to specific key applications, and to be allowed only
temporarily. The Nairobi Declaration commits the ignatories to
work towards a tightening of the timetables agreed upon in the
Montreal Protocol. The wording of the Nairobi Declaration is
contained in the followling box:
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ATATEMENT MADE BY:

SWEDES. FINLAND, SO0RWAY., SWITEERLEAND.
AUaTRIA, GERMANY D DEXMARRK

We belerwe (hat the recend analves of the seate ol the sirso-
aphenic atone laver calls for the sdoption of mone sirengen control
measuren = the Fourth Fl-'l-i"l'll.npI ol the Paribes i 1992

W are alio of ke optmion Ehe the sehatiwson of the controtled
vubatanors with ransiconal sulsmanoes mass be as mmderte and tempo-
rary o posabde

We note ihas ihe London resolution urged the adopiion. in sceo-
dance with the spanit of the paragraph 1| of Anscle 2 of the Prolocal.
of mone drnjen) mesiures i ofder 10 prodect the Oone Layer

Becsmne of this we eapress our firf determmanation b phass-oul
iBe producism end the consumption of CFCe. halons and carbon teirs
chiofide controllsd s the Montreal Protocol, as soon as possible but
il Later than the year 2000, We also think 1 15 pecessary to tighiten
the timeishle apreed upon @ the Meoatreal Protocsl Gking due sccours
of the special situmion of developing couniries

We are also delermaned oo Umst by oo later than 1999 the sse of
imnsaional substimses (HCFCa) vo specific kew application whene other
maore enveronmentally sotable altemative sulmances of echaokogies
are mot gvailable. and o phase-oil their 4 on llaose aieas &5 SOOI 35
teuhnably feaskhie

Some of the countries that signed the Nairobi Declaration have
already adopted national legislation effecting an accelerated
phase out of ozone-depleting substances and restrictions on
the use of HCFCs, or they intend to de so during 1992, notably
Germany, Sweden and Switzerland.

As will be seen in the next table a comparision of the phase-
put-achedules in force or declared at the end of the year 19551
reveals that there is already a large number of countries
among those investigated in this study which have adopted
schedules for phasing out ozone depleting substances faster
than was laid down teo in the Montreal Protocol.

All the Member States of the European Community are bound to
apply tighter reduction schedules than the Montreal Protocol,
and they constitute the majority of countries studied.

Together they form a block at the top of the following table.
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The lines in the table identify the countries surveyed and the
columns to the substances as they appear in the annexes of the
Montreal Protocol. The phase-out-schedule adopted in Montreal
is presented in the head of the table. Each cell contains a
very brief summary of the phase-out-dates known at this time.
Were no specific reduction schedules could be found, the
entries "following Montreal Protocol” or "EEC Regulation
applies® appear. The latter refers to Council Regulation (EEC)
Ho 594/91 of 4 March 1991 on "Substances that Deplete the
Ozona Layer®. The use of the word "ban" implies that legally
binding prohibitions apply from that date. The use of the
phase "to be phased out"” refers to reduction schedules that
are contained in policy programmes or are otherwise not
strictly binding. Obviously, there is a degree of uncertainty
in the assessment of the binding force of such statements,
aespacially if secondary sources had to be consulted.
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As a rule, phase-out schedules contain exceptions and
temporary regulations in the different countries. Denmark for
instance, allows CFC-11 in PUR-rigid focam for district heating
networks to be applied only until January 1, 1993; and 1.1.1-
trichlorethane may be applied in case of polyurethane
insulating foams only until January 1, 1996.

In table 4-6 (see below) we tried to show how long the
presantly used ozone-relevant PUR-foams may be applied in
countries with markets for district heating. Blowing agents
and cellular gases which are subject to the regulation for the
protection of the ozone layer are CFC-11 (conventional PUR-
foam), l.l.l-trichlorethane and HCFC-22 (M90 foam from ABB
I.C.MGller) as well as HCFC-142b and CO, (green foam from
TARCO) .

The interpretation of this table should be subject to the fact
that inspite of all care taken it cannot be guaranteed that
all of the regulations issued in the investigated states have
actually been considered.

Regarding ozone-relevant foams the following conclusions may
be drawn:

- The application of CFC-11 will be forbidden in all of the
investigated countries.

- Foams containing l.l.l-trichlorethane (such as M90) may
be used for some more years; still, there has been
determined a deadline in all of the investigated
countries (depending on the country there will be a ban
betwaan 1994 and 2005).
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Phase-out Schedules for

Country CFC=11 foam M90 foam Green foam
(ABB) (TARCD)
Austria 1995 Nairobi ¥ Nairobi ¥
2004
Canada 1997 2000
draft for 1995
Denmark 1997 Nairobi ¥ Nairobi ¥
1995
Finland 1994 Nairobi ¥ Nairobi ¥
2004
Germany 1994 Nairobi ¥ Nairobi ¥
1994
Italy 1997 Y 2005 ¥
The Netherlands 1993 2005 ¥
Norway 1995 Hafrobi ¥ Nairobi ¥
2004
Sweden ban on use of Hairobi 3 Hairobi 3
all CFC a;,,] of
I 1.7.1991 1994
Switzerland draft for 1995 Nairobi ¥ Nairobi ¥
2000
2000
(draft for 1995)
The United Kingdom 1997 Y 2005 2!
ban proposed for
1996
The United States 2000 2002
B (L] b CHC: pam Fpvm T 0 39
I BB b o 3008 &1 84 1) (TR, VS P T s PR e ————
W] [y Iy

Phase-out-Schedules for 3 PUR-foams in Different
Countries (as of the Beginning of 1932)



29

- Foams based on HCFC-142b and COy; are still allowed in most
countries. Although, this might change with the next revision
of the Montreal Protocel which is going to take place in
November 1992 in Copenhague. The discussion initiated by the
Mairobi Declaration at least shows this trend.

- According to international statements and national leagal
projects there is a trend that the production or application
of all ozone-relevant foams shall be reduced.

Considering the fact that in some places the municipalities make
demands which are even tighter than the actual legal regulations,
this suggests that from what we know today - on a long term-basis -
COy-foam is the best possible alternative for the application in
plastic jacket pipes; with respect toc the protection of the ozone
layer.
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5. Technical Prerequisites To CFC-ll-free Foams

There are gquite different prereguisites to the new foams. Foams for
the plastic jacket pipe system should - if possible

. not enforce the greenhouse effect
w not contribute to a depletion of the ozone layer
' be non-toxic, causing only little working place
concentrations during the production process
" have low costs
. admit that heat losses of the district heating network are low

» be easy to be processed for the production of plastic
jacket pipes

& definitely resist the thermo-mechanic stresses which occur in
practice during the period of utilization

Disregarding the ozone depleting effect and the greenhouse effect,
the old CFC-1l-foam meets all the conditions very well. It has
excellent insulating capacities, can be stressad thermo-
machanically, 1t is easy to be processed and economic. Although
CFC-1l1-frea foams do not at all or only little deplete the ozone
layer, these foams do not reach the characteristics of the CFC-11
foam in any respect.

In the following the ecologic and economic conditions shall be
discusased. In Sections 5.1 to 5.4 the technical conditions shall be
treated in detail.

In connection with PUR-fcams the greenhouse effect is not in
discussion right now. 8till, it is possible that some day
restrictions which are not known yet might be issued.

The regulations for the protection of the ozone-layer were already
described in chapter 4. Today, CO;-foam is the only material which

allow big scale production and which has a QDP-factor of 0.

The production of plastic jacket pipes still involves that factory
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workers are exposed to blowing agent concentrations, which are in
some cases higher, in other cases lower. In view to the internal
working place concepntration CO2-foam is the most uncritical
substance; CFC-11, HCFC-22 and HCFC-142b are about the same level.
Only the application of 1.1.1 triethane chlorid makes necessary
that smaller additional measures are adopted for the protection of
the workers.

The plastic jacket pipe’'s success is - among others - due to the
economic production costs using CFC=-11 blown foams. An essential
price increase would mean the and of the plastiec jacket pipe
technique and also the end of the aconomic supply of district heat,
because in this case the former, cost intensive laying systems like
concrete channel and steel-jacket pipe would have to be applied
again. By application of the presently discussed CFC-1ll-free foams
the production prices for plastic jacket pipes are only slightely
increased.

The possible bad insulating capacities of CFC-free foams have a
negative effect on the efficiency of the district heating, because
either the operational costs are increased due to the higher loss
of heat, or the investment costs for the next higher insulation
thickness will raise. Heat losses of HCFC-foams are only slightly
higher than those of the CFC-ll-foam and even the incresed heat
lossas of the CO;-foam do not justify a change to other laying

techniques. According to [16] the thermal conductivity of the
unaged compound pipe must not be higher than 0.033 W/(m K). In the
event of a widely planned optimization of insulation thicknesses
[12] carried out by GEF Ingenieurgesellschaft fiir Energietechnik
mbH, Leimen by order of the AGFW, it turned out that for CO,-blown
plastic jacket pipes a higher insulation thickness is economic only
in case of heat prices of more than 40 DM/MWh compared to CFC-11
blown pipes.

With the conventional production of plastic jacket pipes a foam
shows favorable production characteristics, if it is used to foam

pipes bars as long as possible in one single course of manufacture.
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If for instance in case of large diameters, only pipes of 12 m
instead of 16 m length can be preoduced, or in case of smaller pipe
diameters, pipe lengths of 6 m only instead on 12 m ca be produced,
this causes increased costs for additional pipe joints, although
this effect is to some extent compensated by somewhat lower prices
for transport and storage. For the future the application of new
foams will lead to innovations for the production of plastic
jacket pipes. An example may be the introduction of endless

manufacturing with the company LBgstdr in Denmark.

For the safe operation of plastic jacket pipes with CFC-ll-free
foams it 1s indispensable that the technical requirements resulting
out of the thermo-mechanic stresses are met. Figure 5-1 shows the
connection between the necessary investigations, the limits for tha

application and the design of plastic jacket pipes with new foams.

Static design
(maximum lead)

l
! l

Examinations Examinations
for estimating of thermome-
thermal life- chanical beha-
fime viaur

Lifetime factars

af new foam-
systems

Figure S5-1: Connection betwean Technical Prerequisites and the
Design of Plastic Jacket Pipes
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These requirements regard
shearing resistance
compression strength
temperature resistance and
aging resistance (service life)

5.1 Shearing resistance

In the gliding areas of plastic jacket pipelines there are
frictional forces acting on the jacket pipe, which are transferred
to the medium pipe by shear stresses in the foam. The PUR shear
stress is independent from the operating temperature and the laying
procedure (cold laying or pre-heating). It depends mainly on the
depth of coverage and on the dimensions from jacket plpe and medium
pipe. High shear stresses always occur when small nominal diameters
and large depths of coverage are combined. Larger insulation
thicknesses cause larger jacket pipe diameters even with the same
service pipe diametars an consequently, they increase the PUR shear
stress.

Due to its smaller surface the shear stress is highest at the
medium pipe, i.e. where the highest temperature is registred. The
admissible wvalue for the shear stress is a creep failure strength
valua, which means that also the influences by load, temperature
and time are considered. For the CFC-ll-foam the admissible shear
stress in most countries comes up to TAUPUR = 0.03 MPa; in some
cases also to TAUPUR = 0.04 MPa. In case of TAUPUR = 0.03 MPa the
depth of coverage for DN 25 must not be higher than 1.5 m. On the
contrary, a pipe DN 200 may be laid as deep as 2.8 m without the
admissible shear stress in the PUR-foam beeing exceeded. NHormally,
in practice the admissible shear stress is not utilized. The shear
stress for DN 200 and 1 m peak coverage is only 0.011 MPa. Only in
few exceptional cases (such as the crossing of a roadway) TAUPUR =
0.03 MPa is exceeded and the plastic jacket pipe has to be laid
within a protective pipe for a certain distance.

Plastic jacket pipes have to show certain minimum shearing
resistance, because only then the compound effect between jacket
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and medium pipe is guaranteed. Without the compound effect the
medium pipe would expand much more. In this case endless laying
without expansion joint, which is the main advantage of the plastic
jacket pipe system, would not be possible.

If the admissible shearing resistance of CFC-ll-free foams also
should range around 0.03 MPa, (which actually seems possible)
plastic jacket pipes which are fabricated on this basis may be laid
in the same manner as the former CFC-1l-blown pipes, except the
special cases which were already mentioned.

Taking it for granted that the longterm trend bases on COy-foam with

its lowest insulation characteristics (as a consequence of its
physical condition) and regarding the fact that in view to rising
heat prices the next larger insulation thickness is applied,
generally higher shear stresses will appear. In order to be able to
follow the same laying practice as today, a higher admissible shear
stresg would be necessary. The minimum requirements for the testing
are according to [16) for the unaged as well as for the aged pipe
with 20°C 0,12 MPa and with 140° C 0.08 MPa.

I reguired adslssibis shearizg scress = 0.01 HPs (bettazr 0.03 HPa} I

5.2 Compression Strength

There are compressive strains acting on the PUR-foam at all changes
of direction. The compressive strain SIGPUR is highest at the
madium pipe. Like the shearing resistance, the compression
strength, too, is a creep failure strength value. A minimum creep
failure compressive strength is desired, though it is not aa
important as the minimum sheéaring resistance.

The admissible PUR-compressive strain is temperature-dependant and
iz indicated in Denmark and Sweden with 0.3 MPa, in Finland values
from 0.1 to 0.3 MPa are used [13 and 18]. In Germany the values
range between 0.10 and 0.15 MPa [14]. There are many places such as
90°-bends with long legs, where significantly higher PUR-
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compressive strains would occur, if the plastic jacket pipes were
not protected by expansion pads against the soil restraint. The
necessary lengths and thicknesses of the expansion pads are also
determined by the compression strength of the PUR-foam. In case of
emall and medium pipe diameters the admissible angle of the
segmantal cuts as well as the admissible radius of line bends
depend on the compression strength of the PUR-foam.

If the admissible compression strength of CFC-11 free foams was
significantly lower than those of the CFC-blown foams, plastic
jacket pipes still could be laid, although the costs would be
higher. In this case cavities, for instance in form of expansion
channels would have to be applied instead of expansion pads. This
form is still a common construction technique in Sweden. With this
technique the admissible angles are smaller, the necessary minimum
line radius larger.

While the minimum shearing resistance is required for large lengths

{in the total variation zone), high radial compressive strains act

only on a limited distance, for instance only near to a 90°-bend.
Therefore, the compression strength of a “"soft"-foam can be

enforced locally and with asimple methoda. In [15] it is described

how extramely low the compression strength of a special CO;=-foam

{with a development stage of 1989) may be increased many times by .
reinforeing it with glass beads. ;

The future use of the plastic jacket pipe system does not basically

depend on reaching a certain compression strength, but the higher ;
the compression strength, the more costs can be saved with this

dezsign. With low compression stremgth the design turns more F
expansive. '

According to [16] a minimaum compression strength of 0.3 MPa is i
required. This value refers to unaged foam with room temperature. ;

|
rogilred sdnlssibls comprasslom sresegrha 0.1 HPs !
with highar cossraanics areength: deslge turn more scopesls :
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5.3 Temperature Resistance

The resistance characteristics of the PUR-foam depend on the
temparaturea. From a certain temperature on the foam turns soft and
its resistance is reduced significantly. In case of the foam
containing CFC-11 the softening range starts only with more than
170° € (see figure 5-2)

Coa 100 &Py nr 2 File: 00035, 001 TMa METTLER - 23-Dci-Do ]
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Figure 5-2: Softening Behaviour of a CFC-11-Foam,
Measured by TMA (Thermo Mechanical Analysis).

Softening temperature of the first COy-foams which were tested at
the end of the 80's, was approx. 100°C. Since that time specialists
succeded to raise the softening temperature year by year to some
extent. In the year 1991 the new foams reached softening
temperatures of about 130°C, and the development seems to continue.
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Commercial HCFC-foams from ABE I.C. MGller and TARCO have softening
temperatures of more than 150°C.

With maximum outgoing temperatures as low as 110°C or less, as they
are usual for instance in Denmark, today good CFC-1ll-free foams are
totally uncritical in view to temperature resistance. Only with
high outgoing temperatures the temperature resistance is an
important factor. In Germany so far CFC-ll-blown plastic jacket
pipes are applied with maximum temperatures of 140°C. In these
cases it is definitely not sufficient if the softening starts
already with 140°C.

The test for the axial shearing resistance with 140°C provided for
in [16) guaranteas that there is no fast creeping. Methods for
testing the long-term behaviour in view to slow creeping are only

in a nascent stage (see Section 7).

The beginning of the softening has to take place after the maximum
peak tempearature, paying special attention to a safety margin (test
methods have not been developed so far).

5.4 Aging Resistance (service life)

Under the influence of temperature and time all plastics are aging.
In order to mest the reguirements regarding thermal stress the
above-mentioned prerequisite for the temperature resistance is not
enough. Rather it has to be secured that the aspired thermal
service life is reached. For the former CFC-1l-blown plastic jacket
pipes Arrhenius published straight lines indicating the service
life; these lines indicate the service life corresponding to a
certain temperature. The investigations are described in [1], [2]
and [3].

In case of sliding network temperatures, damaging parcentages are
calculated, whereas the service life can ba determined with the
help of a damage-accumulation-hypothesis (Minor-Rule). The method
is described in [5]; besides it was adopted in [16].
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As a rough value for CFC-ll-blown plastic jacket pipes an
isothermal temperature resistance of 130°C over a periocd of 30
years is supposed. The district heating network of the city of
Mannheim which is run under gliding temperatures reaching maximum
temperatures of 140°C requires a PUR-hard foam with an isothermal
temperature resistance of 110°C over a period of 30 years in order
to reach a sufficient lifetime (= 30 years) [5].

Changing from physical to chemical blowing agents has influences on
the viscosity of the reaction mixture during the production
process, which requires changes in the chemical structure of the
polyols and the relative strength of isocyanate.

Thermical testing of the aging in the revised EN 253 [16] is based
on the activation energy valid for PUR-foams which were foamed with
physical blowing agents.

It is well known that the structure of polyocl and the relative
strength of isocyanate influence the activation enery for thermal
aging.

The introduction of a chemical blowing agent can increase the
activation energy which leads te longer service lifes. This has not
been investigated entirely, though.

Until the present investigations are finished the determinations
under Appendix A of the revised EN 253 [16] should be applied.

I Fejuired thar=al ssgvige Life with & conecast fesgaratuess of 130°C: M pests 1
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6. Investigation Programmes Carried Through So Far

During the years 1587 to 1991 many investigations on CFC-free foams
were carried through. Quite a number of tests, which shall not be
described in detail, were utilized by the industry for a product
development. Here, the investigations carried through by
independent testing agencies by order of the state, associations or
supply undertakings shall be described. We shall concentrate on the
most important investigations without any claim to completeness.

During the period from 1987 to 1991 the tests were restricted
essentially by the following facts:

- In spite of opposite statementa from the industry it turned
out that the development of the foams is not finished yet.
Some investigations showed that the investigated foams were
not sultable for district heating purposes, which means that
these tests were worthless. Besides, test results obtained in
respect to CO;-foams in the year 1991 may not be compared with

the results obtained in 1989; because meanwhile the foams have
been developed.

- Test methods which had already been standardized for CFC-11
foams did not serve automatically for CFC-free foams. On one
hand, foams containing chemical blowing agents have a
different chemisme and therewith a completely different
behaviour in view to thermal aging and long-term creeping. On
the other hand, conventional test methods failed to detect
certain weak points which CFC-foame did not have, such as
problems in connection with the softening. First,
investigations proved for instance that the new foams ware
suitable for district heating although later it was found out
that these foams could not be used with higher temperatures.

- None of the numerous investigations were coordinated, so it
happened quite often that one testing agency did not know what
ancther testing agency was doing. This led to the fact that
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different foams from different manufacturers or charges were
tested. In case of the tested pipes neither their length nor
their pipe diameter nor their insulation thickness were
standardized. Each of the testing agency determined its own
test load, its own temperatures and duration periods for the
tests. The steps taken to avoid inadmissible diffusion of
oxygen were not standardized either. Several tests were
carried through without diffusion protection, on other
occasions specialists worked with diffusion linings (diffusion
barriers) and there were also tests which included rinsing
with different ambient media.

The investigations carried through so far do not admit general
statements regarding thermo-mechanic behaviour of CFC-frea foams.
Thare are single statements contradicting each other, so that a
general interpretation is not possible.

Generally, several single results could be obtained which showed
phenomena unknown until then (such of softening) which taken as a
whole cannot comprised systematically.

Main advantage of the investigations carried through so far is that
thera is international understanding that future investigations
have to be coordinated (see Section 7).

In Table 6-1 important investigations carried through so far are
presented as a uniform scheme. Even if this table should not be
perfect in detail, this does not have any effect on the assessment
of standardized investigations which have to be appreciated; as
already mentioned.

So far, investigations are carried through in Sweden and Germany.
The order of the following list is not accidental and is not
supposed to constitute an assessment of the separate
investigations.
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7. Present or Planned Investigations

Regarding the bad experience with uncoordinated investigations (see
Section 6), district heating associations of several countries

agread

on &8 coordination for further proceedings at the end of

1991. District heating undertakings, the industry, standardization
and testing agencies got together in order to coordinate their
investigations. As shown in Figure 7-1, representatives from

Belgium
Denmark
Germany
Finland

The Netherlands
Sweden

are cooperating in order to solve the problems together. The
organisation invites further countries to cooperate.
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Figure 7-1 Coordination of International Projects
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The organisation takes care for arranging the tasks according to
their priority. Afterwards these tasks are given to suitable test
agencies. The most important decision which the project group
"coordination/ controlling® adopted was to make for carrying
through all further tests on standardized reference foams

= FEBIS 1, CFC-1l-blown reference foam, as of 1991
- FEBIS II1, CO;-blown reference foam, as of 1991

A sufficient number of pipes of the same charge were manufactured
by ABE I.C. Mbller.

Besides, the project group takes care that tast loads, testing
temperatures, duration periods for the tests and the protection
against the diffusion of oxygen are coordinated as far as possible.

First, test-concepts for the reference foams should be developed,
which are independent from the blowing agent. These concepts are
going to form part in the European standardization because of their
close relation to TC 107. Then, the design approval tests for the
commarial foam systems shall take place. The project group
established priorities for the investigations:

Priority l:

* gadinl Eraep Caats BT1 (0K}

* gangantianl cresp tests izvication for tenders to all testimg agsmoiss
* gyial shasring reslstascs easults witklsa the sesps of ths FFI/IHA-tsats
* ghersil secvice life Iovescigacions by FFL and THA

Priority 21

* thersal conduetivity, diffusicm Crnlmere U.o.T (83 other Investigatiom
" paars secssding ca EM 743 afeer varklsg our tadl comsEgEE
* gochet fomm prasenily open

In Table 7-1 the projects, the financing of which was guaranteed by
April 1992, are listed. For this Table the same classification as
in Table f-1 was used. It becomes clear that present investigations
are based on standardized test conditions. Here, too, the order of
the Table does not have any meaning.
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8. Outlook

The international coordination as it is described in Section 7
offers a basis for the required test concepts for the new foams. In
several countries govern mental fundings are avalilable for the
implementation of the test programmes, so that the planned
investigations can be realized.

The agreement on reference foams and the coordination of the test
conditions are important prerequisites for an interrelated
assessment. This allows that investigations on pipes and test cubes
carried through at different testing agencies may be compared.

There is only one gap in the testing programme accompanied by the
European project group, i.e. the fact that investigations on the
axial shearing resistants are missing. The axial shearing
resistance is the most important characteristic of plastic jacket
pipes, which allows for endless laying without expansion joints.
Such an investigation has been formulated and proposed by Dr.
Jarfelt, Gothenburg, as part of tha coordinated program in the
beginning of 1992 [17]

It would be a pity if conclusions regarding the axial shearing
resistance could be drawn only on the basis of tangential creep
bahaviour. If there should be any financial means available for the
investigation on CFC-free foam systems, they are spent best on
investigations in view to the axial shearing resistance.

It has to be hoped that the development of the CO;-foams continues
the trend of the last few years, reaching an increased temperature
resistance so that this kind of foam which is most favourable for
the environment also offers optimum characteristics in respect to
thermo-mechanics.
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KUNSTSTOFF
TELROHRE FUR DIE

FERNWARME

RADIALE ZEITSTAND-DRUCKVERSUCHE

Die Forschungsvortaben des AGFW-Verbundprogekies
Neuwartige Warmevarteilung
‘Batriebliche SelbstvorspannungUnierveniedung” und
"Maye Priftachniken und Systemkomponanien
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~ NEUARTIGE
WARMEVERTEILUNG:

KUNSTSTOFF |

MANTELROHRE
FUR DIE
FERNWARME

N

BETRIEBLICHE SELBST-
VORSPANNUNG BEI KUNST-
STOFF-MANTELROHREN

Wenn gine kaliveriegie Leitung
zum ersten Mal die maximale Be-
frisbsiemperatur emmeicht, treten
an den Lefungsenden grobe
Dehnwepe auf, die je mach den
Randbedingunpen ungeldhr 3 bis
4 mal 50 grol wie die entspre-
chenden Dehmwege worgewdnm-
fer Ledungen sind.

RADIALE DRUCKBELASTUNG

Von vornherein war klar, daB die
Ringbiegebeanspruchung des
Stahirohres durch gine Erhdheng
dar Wanddicke varmngart werden
kann. Dagegen siedh die radiale
Druckbeanspruchung des PUR-
Schaumes das Hauptproblem
dar, Oie Dehnpoistendscke kann
k3um wedter grhdng werden, weil
gamit oie Mantelrohriemperatis
wititer ansteigt und dickere Dahin-
polsier auch dirch den Erddruck
stirker Komprimagrt werden

Die Grundiage fir weitere Lbar-
legungen bilde! die Uniersuchung
der Druckfestipkeit des PLUR-
Schaumas umter praxisnahen
Bedmpungen

Die zulissige radigle Druck-
belastung von KonsisioH-Mantel-
rofwen bel gen Golkchen maximsa-
iefi Mediumiamperaturen swi-
schien 130 *C undg 140 °C 151 bis-
her nicht untarsucht worden

ZEITSTAND-
DRUCKVERSUCHE

Ersirmnals wurden in den For-
schungsworhaben “Betrigbliche
Selbstvorspannung/Unterver-
teilung” der Fermwiarmeversar-
gung Mederehgin GmbH und
"Mewe Priftechniken ung Sys-
femkomponenten beim Kunst-
stoffmantelrohr” der Gas-, Eksk-
trizitats- und Wassarwerke Kiln
AG Kungstsiof-Maniplrohre radi-
alen Zeitstand-Druckversuchen
unterzogen, bed denen die tat-

sichlich aufiretendoan Balasiun-
gen bei erhdien Temperatonen
aufgebracht weedan, um gingen
Foitrafforetiekt zu arzieien

Daber wurden 80 cm kangs gerade
Ronrabschnitte DN 80 am Me-
diumeohs auipekagen und in find
Prifabschnitte wnteriedt A die
Prifabschnitte wurden radiale
Druckspannungen aufgebrachi,
die Ribcksielkrifie won weichen
Dehnpolsiermaterialien bis 2ur
pweitachen maximalen Erdraich-
reaktion abdécken

Die won der GEF, Leimen, pe-
planien Versuche wurden beim
RWTV In Essen durchgefiihrt.
Ez wurde PUR-Normalschaum,
FCEW-fraser  Mormalschaum
(Stand 1989), hbherfester
Schaum und hharfestar FCKW-
freigr Schaum (Stand 1989) un-
tersucht

Die Engebnisse der 160%0-Ver-
suche und die Zwischenergeb-
nigse dar 140 °C-Versuche sind in
den folgenden Abbiidungen dar-
pestellt.

Eine Zwischenbewertung zeigl.
dafl die radiale Druckfestipkeit
das FCKW-freien  Schaumes
{Stand1980) beldan untersuchien
Temparaturen wesenilich unter
den Werten des Normalschag-
mes lisgl Die unterschisdiichen
FCKW-iresen Schdsme sind des-
halb fir den Fermwirmeeinsatz
nichl  pesignet Die  Drock-
festigheif des hherlesten Schau-
mes hegl etwa um den Faldor
5=10 dber der des PUR-MNarmal-
sehaumips

Eing abschisBende Bewerfung
kann erst vorgenommen warden
Wenn weiteré Versuchsergab-
fsse vorlisgean
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Normalschaum ohne FCKW *
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RADIALE
ZEITSTAND-DRUCKVERSUCHE VON
KUNSTSTOFF- MANTELROHREN

Querbelastbares Rohr ohne FCKW *
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ZEITSTAND-DRUCKVERSUCHE VON
KUNSTSTOFF- MANTELROHREN

Normalschaum mit FCKW
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ZETTSTAND-DRUCKVERSUCHE VON
KUNSTSTOFF- MANTELROHREN

Duerbalastbaras Rohr mit FCKW |
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CHALMERS UNIVERSITY OF TECHNOLOGY
Div, of Building Technology
Ulf Jarfelt

INTRODUCTION

Research work about CFC-free alternatives was started at Chalmers
University of Technology in the end of 1987. Enowledge about the
possibilities of reducing or excluding the usa of CFC as blowing
agent when producing polyurethane foam became important due to
regqulation concerning environmental protection. 5o far a number
of project financially supperted by The National Energy Agency
in Sweden have been performed in order to find out the thermomec-
hanical and insulating capacity of carbon dioxide blown foam and
HCFC ("soft freon") blown foams.

In 1991 and interdisciplinary group of scientists was formed at
Chalmers University of Technolegy invelving scientistas from
Chemical Department and Building Physics Department. The
hypothesis was, that by using the right combination of blowing
agent, polyol, surface material and additives, it should be
possible to produce a poyurethane foam with adeguate insulation
and mechanical properties without the use of CFC. The environmen-
tal consaquences of this modified poyurethane foam will also be
investigated. The group of scientists has been enlarged and
experts in Material Physics from The Swedish MNational Testing
Institute have been included to deal with questions concerning
mechanical properties. The research group is financed by the
Swedish Government for a period of three years 1991-1993, and
will probably be supported for another three years period 19353~
1996,

Prouzad Modresy Wikiting add rexs Tulephone Telnlax Telen

Thalmen Unsecriity of Techaslogy  Seea Hultina gats B Ing & 4831 72 10 00 lar « 4631 T2 129} 148 CHALBIB S
D of Baslding Techmology lar + 4831 T2 1992

5417 9 Gothesbiirng, Seedes



CFC-FREE POLYURETHANE FOAM
Research work at Chaimers University of
Technology

An Interdisciplinary group of scientists from
Chemical Depariment, Building Physics
Dapartment and Swedizsh Nalional Tasting
Institute

| |
Tests according to Thermomechanical
ENZS3 analysis
The stipulated tasts The development of test
have besen per- eguipment for axial
formed for straight shear strength at
pipes and far joint. operalting temperature
Both carbon dioxide (140"C) and creap
and "soft freons* behavior of the foam in
have been tested. radial directian.
Tests on aged pipes
have also been
perfomed

Insulating capacity and
ageing behavior

Test equipment for gas
anaiysis and the
diffusion rate of air and
blowing agent in order
to predict the change irk
-vajue of the foam. (gas
mixture in the cells} The
influence of surface

malterials of the
diffusion




CONTENT

- Composition of the gas phase in polyurethane foam. The
thermal conductivity of the foam as a function of time is
attributable to gas diffusion. A method of determination of
the mixture of gas in the cells have been developed.

* Axial shear strength. Test equipment to determine the axial
shear strength at elevated temperature. A number of test
results obtained from different types of CFC-free foams.

* Radial creep. Method for testing the creep behavior at
elevated temperature on PUR-foam. Test results from CFC-
and CO;-blown foams.

" Specifications and requirements of polyurethane foam for
joints. The blowing agent CFCl1 is replaces by carbon
dioxide.

* Specifications and requirements of polyurethane foam

manufactured without CFC for joints. Further investiga-
tions. Test results from aged joints at 170*C for 2 months.

* Test results of compressive strength and axial shear
strength on district heating pipes after exposure to
operating conditions. A study of three different makes and
blowing agents, 100% CFCl1l, 25% CFC+75% CO, and 100% CO;.

. Tests according to EN253 of products available on the
Swedish market from different pipe manufacturer. All
products CFC=Iree.
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CHALMERS UNIVERSITY OF TECHNOLOGY
Div. of Building Technology
UIE Jarfelt

ABSTRACT

Ulf Jarfelt
Chalmers University of Technology
§-412 96 GOTEBORG, SWEDEN

Specifications and requirements of rigid polyurethane foam for
joints. The blowing agent CFCll is replaced by carbon dioxide
{CQ,) -

The aim of the project has been, partly to modify the fcam mixing
equipmant used for foams with other bleowing agents than CFC and
partly to develop and test new foams applicable for joints in
district heating networks. The modification of the foam equipment
for in situ foaming and all foaming used in the laboratory test
has been done by PIPE-ISOL AB, MAIMO, SWEDEN. Laboratory taest and
supervision of feoaming procedura has bean done by the staff of
CHALMERS UNIVERSITY OF TECHNOLOGY, GOTEBORG, SWEDEN. Supplier of
raw material and the ratio of mixing has been developed by SHELL,
SWEDEN.

The project started in March 1989 with a first test in order to
be able to modify the foam equipment to the new poyols used. At
this stage 12 joints were made and tested. The results of this
first try implicated that some modifications had to be done
partly to the foaming equipment and partly to the ratio of tha
mixing. The second and third stage of the project involved a
total number of 24 joints. Only small changes were made after the
second stage to the foaming equipment to be able to reach a
better mixing. The results presented in table 1 are results
obtained in the third stage of the project. The project was
completed in November 1989.

Different temperature conditions of the surrounding air and of
the carrier pipe were chosen to study if the quality of the foanm
was influenced by the temperature chosen. The CEN-document prEN
489 gives a guideline of what temperatures to be accepted during
in situ foaming. In that document states that the temperature at
the steal service pipe and the osuter casing should be between 15
and 45°C. Tesperature of the PUR-components shall be kept between
15 and 25°C.

Pread Addnce Viniting sddress Tulephone Tehedax Teiex
Chabmers Ushveniy of Technokopy  Senrn Helling gais i Ing & &4-31 72 1000 lnt + 4631 T2 1990 48 CHALBIR §
D of Duildiag Terhnology lag » d&=31 T2 1992

5412 9 Geaibepbourg, Swrdon
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In order to fulfill this recommendation and to go a little
further the temperatures chosen were, steel pipe temperature 8

to 60°C and casing pipe temperature 12 to 47°'C.

The test were carried out in accordance with EN253 and the

following results were obtained:

TABLE 1: Test results.

=
E
Temperature
(c*)
Steel pipe 8 20 a0 45 &0
Casing pipe 12 20 23 24 27
Ambient air 20 20 20 20 20
Density (Kg/m)
Top TO 1 70 69 i8
Bottom 72 68 72 73 78
Compressive
strength (MPa)
Top 0,49 0,47 0,56 Q, 60 0,70
Battom 0,37 0,31 0,28 0,51 0,55
Water absorp-=
tion (%) 10 13 7 14 B
Closed cells
(%) 95,6 94,4 97,8 97,3 96, 4
-— = - — —
Prmial Address Visiting sddress Telephione Telefax Tebex
Chalmers Uaivessity of Techoology  Sven Hulting gaia & Tad + 4831 T2 1000 Ing & 4631 721990 2% CHALBIE 5
Dibe. of Bisilding Teehnology Tag & 4531 72 1992
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ABSTRACT

Ulf Jarfelt
Chalmers University of Technology
5-412 96 GOTEBORG, SWEDEN

Specifications and requirements of PUR-foam manufactured without
CFC for jeints. Further investigations.

The aim of the project has been to investigate the quality of the
CFC-free foam alternatives available at this time for in situ
foaming of joints. This project is an extension of an earlier
project were foam equipment and foam mixing ratic were developed
for a carbon diocxide blown foam with raw materials from Shell.

In this project raw materials from three different manufacturers
wara investigated and compared with CFC-blown foams. The raw
material suppliers were Shell, Bayer and BASF and the formula-
tions were based on carbon dioxide as the blowing agent for all
three makes.

The foaming was done with the same type of eguipment that are
being used for in situ foaming of joints. Temperatures at the
steel service pipe, the polyethylene casing and the ambient air
wers recorded. The project was carried out under the peried, occ-
tobar 1989 to May 1990 at chalmers University of Technology.

Three pipes, 6 meter long, were provided with four jeints each.
Pipe dimensions DN 125/250. Tests were made in accordance with
EH253 to establish density, water abscrption, compressive
strength, axial sheer strength and rate of closed cells for the
different makes both before and after ageing at 170°C for 1450
hours. The test results are shown in TABLE 1 and 2.

Postal Addrest Viiting addrena Telephane Tebefur Telex
Chalmers Universsty of Technology  Sves Hulting gata & Int + 46-31 T2 140 00 lag + 4631 T2 1993 1% CHALBIB S
D, of Badding Technciogy Int * 46-31 T2 19 72

S % Cothesbourg, Seeden
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TABLE 1. Test results of three different CO,~blown foams and cne
CFC-blown foam for jeoints. Unaged foam.
Bayer Shell BASF CFC
Density {Hgfnﬁj 58 T 7l 63 1
Hﬂtﬂr ﬂhEDrF- 121? ﬁi'i 9;1 ?lu
tion (%)
Compressive 0,22 0.30 0,43 0,41
strangth (MPa)
Axial shear 0,06 0:17 0,08 Q,12
strength (MPa)
Closed caells 99 .0 95,0 59,9 99,9
(%)
— |

TABLE 2. Test results. Aged foam 170°C for 1450 hours.
—
Bayer | Shell BASF CFC

pDensity (Kg/m') |47 62 66 58

Water absorp- 23,0 6,5 6,6 2,9

tien (%)

Axial shear 0,09 0.15 0,29 0,31

strength (MPa)

Closed cells 97,4 98,0 96,3 97,9

(%)

= - - - —_— =

Premtal Addiezs Wiiiting sdhdre Telephane Telefnx Telex
Chalsers Unpeniay of Techaclogy  Seen Hulking guis & fat = 4531 T2 10 m = 4631 T2 E903 NS CHALRIR 5

Diw. of Building Tochnolopy
S 96 Crothoadsourg, Swmden

lnr = 431 72 19 ¥2
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Axial shear strength

1991-12-02

The aim of the project has been to develop a test agquipment to
determine the axial shear strength at operating temperature. The
devaelopment work has been carried out as a joint venture between
Chalmers University of Technology, Goteborg, Sweden and The
Swedish Naticnal Testing Institute. The test equipment coincides
with the requirement stated in EN251 rev.3, where the service
pipe temperature are Kept at 14022°C. This temperature is reached
within 30 minutes and maintained for 30 minutes bafore applying
the force.

After the development work a number of testz on varisus test
samples have been performed. The axial shear strength at room
temperatura and operating temperature for CFC-blown, HCFC-blown
and COy;-blown foams have been performed. Alsoc unaged and aged
foams (in accordance with EN253 170°C for 1450 hours) have bean
tested.

Pipes from the following manufactures are included:

CFC: IC Moller
Logstor

HCFC IC HMaller

Ecopipe
Tarco

€0, Loégstér
Stjérnror
Fowerplipe

Ulf Ja 1t
Project leader

Pomtal Address Visiting address Tedephoas Teteins Tebes
Chatmers Univerity of Technology  Sven Hualting gata B et + 4631 T2 1000 Lt + 4631 72 19 93 T3 CHALDIN §
Div. of Buildiag Techaology st + 4631 T2 1992



Axial sheer strenght

Unaged pipe. Test temperature 23/140 °C

[MPa]

0.4

B 23 °C
1140 °C

CFC11 M90 CcOo2



Axial sheer strength

Aged pipe (170 °C for 1450 hours). Test temperature 23/140 °C

[MPa]

0.4

Instaled
0.1 | |an ordin}
: ‘JIHIJI:I: H

23 °C
140 °C

CFC11 CFC11 M0 co2




Axial deformation
Unaged pipe. Test temerature 23/140 °C

[mm]

B 23 °C
1140 °C

| :'“:I.?'-:Id‘

CFC11 MSO Co2



Axial deformation
Aged pipe (170 °C for 1450 hours). Test temerature 23/140 °C

[(mm]

[ 23 °c

Removeq 199
CFC11 CFC11 M90 Cco2
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Load 0.1 MPa

Deformation [mm]

0.4

1 10 100

Time [hour]

1,000

- 428 °C Unaged I~ +140 °C Unaged * +23 °C Aged




Load 0,3 MPa

Deformation [mm]

15[

0.5 |- amiimi e st s s LT o e P

1 10 100 1,000
Time [hour]

<~ 423 °C Unaged = +140 °C Unaged ¥ +23 °C Aged
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COMPOSITION OF THE GAS PHASE IN POLYURETHANE FOAM
by

Ul Jarfelt
Olle Ramnas

Chalmers University of Technology

ABSTRACT

Tha thermal conductivity of polyurethane foam as a function of
time is attributable to gas diffusion. To be able to predict long
term behavior, e.g. thermal conductivity, it is vital to know the
gas content of the cells at any given time. This paper discusses
the method of direct determination of the gas phase composition
using gas chromatography.

INTODUCTION

The wvalue of the thermal insulation of polyurethane foam is
governed by the type of polymetric material in the walls and
struts of the cellular structure and the type of gas or gas
mixture within the clesed cell structure. The gas content of the
cells at any given tima depends on diffusioncoefficents of the
individual gases and for the polyurethane foam as well as type
of facers wvhich are bonded to the surface to restrict the
diffusion processas.

Transfer of gases through a cellular plastic material takes place
by a number of processes. The gas is absorbed into the surface
of the cell wall and into the struts, diffuses through the wall,
vaporises from the opposite surface of the cell wall, diffuses
through the next gas filled cell, and so on. The gas transfer is
dependent both to diffusion through cell walls and on the ability
of the gas to be absorbrd in the cell wall.

Under a periocd of a few years the use of chlorofluocrocarbon (CFC)
will be band in several cuntries and be raplaced by more
environmentally acceptable alteratives, e.g. HCFCl123, HCFCl41b,
Co,.

2

Replacing CFC as blowing agent is a complex problem and requires
different types of knowledge. It is therefore necessary to treat
the problem interdisciplinarily. At chalmers University of
Technology, Gothenburg, Sweden a number of scientists have formed
a project group for basic studies of heat transfer and gas
diffusion in cellular plastics. The project is being financed by
the Hational Energy Administration of Sweden for a period of 3
years.

STATEMENT OF THE OBJECTIVE AND DEFINITIONS

Heat Frans!ar through the material is generally governed by



conduction in the enclosed gas or gas mixture, conduction in the
solid polymer and radiation. The total thermal conductivity can
be written

A=d_ th g, setid THrea.

where
h;u“ thermal conductivity of the gas mixture.
A d, sotig= thermal conductivity of the solid polymer
A= thermal conductivity due to radiation

The thermal conductivity of the gas mixture has been treated by
a large number of reseaschers and a number of expressions have
been proposed. In all these expressions the thermal conductivity
of the gas mixture is governed by information about the partial
pressur of each gas and the thermal conductivity of each gas.

Since the total thermal conductivity of the foam is largely
dependenton the conductivity of the encleosed gas mixture, it is
of vital to know the compsition of the gas phase in the cells.
piffusion of gas in a homogeneous material can be written

dp d?p
at 1 ax

where p = partial pressure (kPa)
t = time {5;
D= diffusion coefficient (m*/s8)

Gas transfer through cell structure has been analysed by a number
of researchers, and different methods for the derivation of
permeability and conversion into diffusion coefficients are
presented. Examples which may be mentioned are Cuddihy and
Moacanin (1967), MNorton (1982) Valenzuela and Glicksman (1983)
and Glicksman et al (1986).

The litterature alse contains a number of works in which
equivalent diffusion coefficients for the gases used in poly-
urethane foam have been directly determined, Norton (1967),
Brandreth and Ingersoll (1980). This has been done by determina-
tion of the gas concentration as a function av time, after which
the effective diffusion coefficient D, could be calculated.
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ABSTRACT

Ulf Jarfelt
Chalmars University of Technology
5-412 96 GOTEBORG, SWEDEN

Test result of compressive strength and axial shear strength on
district heating pipes after exposure to operating conditions.

The project has been carried out as a joint venture between
Chalmers University of Technology, the local energy supplier of
Goteborg and a pipe manufacturer, Powerpipe AB SWEDEN, in crder
to compare three different makes of polyurethane foams for
district heating pipes. A test plant was built in 1988 and the
pipes being tested vere connected to a heat plant. The design of
the test plant is shown in Figure 1.

FIGURE 1. Design of test plant i Goteborg, Sweden. Pipe dimen-
sions: steel service pipe 168 mm, peolyethylene casing
pipe 27) mn.

By supplying the test pipes with hot and cold water alternatively
twice a day an accelerated axial shear stress situation has baen
simulated. Hot water temperature 80-100°"C and cold water
temperature 25-30°C. After 180 temperature cycles the soil has
been removed and parts of the pipes have been removed and taken
to the laboratory for investigations.

Poazal Addreas Wisiting sddress Telephane Telelax Tebez
Chadmers Universiny of Technodogy  Svea Hulling gars § Ini = -3 73 1000 far + 4530 721991 e CHALBIE 5
i, of Bailding Technology Ins & 45-31 721992
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The compressive strength and axial shear strength have bean
studied for the following types of polyurethane foams:

* 100% CFC
25% CFC + 75% ©Oy
* 0% CFC + 100% CO,

TABLE 1. Test results from three diffarant polyurethane foams
for district heating pipes. Aged by influence of
temperature changes batween 25-20°C. Compressive
strength and axial shear strength have been tested in
accordance with EN253.

—— —
Density(Xg/m’) | Compressive Axial Shear
strength HPa strength Mpa
100% CFC
Straight pipe | &6 0,46 0,16
Bend 53 0,27 0,01
Joint 65 0,38 -
25% CFC
Straight pipe | 70 0,43 0
Bend 54 0,17 0
Joint 66 0,28
0% CFC
Straight pipe | 73 0,60 0,23
Bend L] n I 0,13
Joint &8 0,52

As a result of the tests a combination of CFCll and COy as
blowing agent for foam is not suitable for the moment. If the
test results are combined with the demands from the Swedish

government to reduce the use of CFC the only solution, for the
moment, is to change production to use CO; blowing agent.

Poszal Adidress Vinding sddress Telephans Telofan Tekes
Chalmers Univesiiey of Tocheology  Sven Hulting pata & Eni + &30 T2 1000 Ini = 4531 T2 1993 IR CHALBIE S
[ of Builifisg Technology It & 4630 72 1901

B=i11 % Gonbenboury, Seedes



APPENDIX B



LCHALMERS UNIVERSITY OF TECHNOLOGY

Div. of Building Technol
U'}[ Jarfelt 2 -

ABSTRACT

Ulf Jarfelt

Chalmers University of Technology

S5=41l2 96 GOTEBORG, SWEDEN

Test results in accordance with EN253 of products available on
the Svedish market from different pipe manufacturer. All products

EF‘I:- fﬁﬂ -

The test work has been done at Chalmers University of Technology
and at the S5wedish National Testing Institute. The work has been
initiated be the Swedish District Heating Assisiation and carried

out in 1991.

TABLE 1. Test results in accordance with EN253.
——
Spac. PP ic LA o/ TR Ep
EN253

Calidiameter =05 mm 0.4 03 0,206 - 0.4
Cloged cells 288 % 98,0 2] 98 99 254
Cove density 60 Kg/m* | 728 84 78 80,7 832 72
Mean density | 80Kg/m® | 824 56 B0 86.7 91,9 85
Comprassng 0.3 MPa 0.57 0.52 o471 053 0.52 0,46
strength
Water absorp- | s10% 3.4 52 4 49 41
ticun
Aied shogr 20,12 MPa 0,27 0,47 028 0,24 0,58 0,35
strength. Uinag-
i,

I Axigl shear 20,12 MPa 0,12 018 012 a.15 037 g
strength. Aged.
Thermal con- «0.027 0,031 0028 0,030 0.032 0,029 0,030
ductivity W,mi

Prazal Address " Viiting mdres Telephona Telelax Telex
Chalmers Ushveniey of Technology  Swen Hultins gaia 8 Ini + £31 721000 fnl + 4631 T2 199} 244 CHALBM S

Ini + &5-11 7219 72
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TABLE 2. Test results in accordance with EN253 draft 1. Axial
shear strength at cperating temperature are studied.

Spec. PP e LA oR TH EF
ENZET
Calldiameter = 5 mm 0.4 0,3 02406 |- - 04
Sxinl shear >0, 12 MPa 020 011 0.13 14 0,30 0,70

FP = Powerpipe AB IC = ABB IC Mdller LR = Ligstdr

DR = Dansk Rdvindustr TR = Tarco EF = Ecopipe
Fenaal Visitang ackéress Telephose Telefax Tebin
mfl:‘_wdm ;Hﬂhdpu! Ist + 48-31 72 1000 Inf + 431 T2 1993 18 CHALDME 5 I
Dife. of Building Techmolopy Int +46-31 72 18972
G412 B8 Godhenbosrg, Sseden
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Veli-Pakka Sirola 11.9,1991

SUMMARY OF FINNISH TYPE TEST RESULTS OF CFC-FREE DH-PIPES

The CFC-fras pipes of five pipe manufacturers
(four CO. 6 one HCFC) have been testad in Lap-
peenranta Technical University according ta
cthe requirements of the national guality assu-
rance system. Alsc one pipe with 50 % R1L/50 &
C0y; has been testad. All samples uwere of gize
DN B0/200. The results are as follows:

pipe 1° pipa 2 pipa 3 pipa & pipe 5 pipe &

co, e co, O, R11/C0, HCFC
A=valua' W/ mK

= unapged . 03081 0327 0301! .0328 LOZ84 0308
- aged® 0323 0339 0312 . R3LE L2301 L0319
Axial shear

strangth®,. kPa

- unaged 334 38l a1 330 288 370

- aged?® 168 278 224 174 £27 260
Compressiva

strength, kPa

- axial B5AE Tab Jag a20 ELS 650

- radial 710 712 S3E 587 =89 &30
Ovarall

density, kg/m? 80,9 81,3 az2.7 84,7 78,7 26,9

1} Finnish method, comparisan te EN 253 enclosed
2) 1000 h in 130 *C

a) tested in 20 *C
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Institut fiir Kunststoffpriifung UNIVERSITKT

und Kunststoffkunde
Universitat Stuttgart

STUTTGART

PRUFBERICHT

Nr. B 223e
m 31.10.1990
el Untersuchung von PUR-umschiaumten

Fernwarmemantelirohren

1. Avitlertgung

Arbeitsgermeinschaft Fernwidrme e V.

Funnl B agge e
Stresemannal les 213
6000 Frankfurt/Main 70
—— 16.07.1990
Der Paulbenicht umball iragessmi 68 Seden
darin sind enthalten =9 B ihder

I':I Tabsellen

Do Aalenten sewiden nach beytem Winen und dem derseitigen Stand der Technib acvwgelobet. Fue et das g en
aidhende Schaden kann das Inatiiut Kene Haltung wbeynebimen

e 'nl'ﬂﬂ‘l'l'lﬂhl:l:urli el Prufteorichis |aech sustugasene) o1 nut M wiskerer Sunlimmung fulecg
D fur die Uniesuchung ruf Ve fugung gestellie Mate sl wird an hallves Jahre sulbswabiol Deoder hinaus uber
mehmen i heine Mafiung



Schaum Treib- Crwe ichungstemperaturen Masseabnahme Temperaturen

qas Temperaturen bei denen

ain exgthermer
| Abfall auftritt
. *C °C o
{
mech, TMA stat TMA dyn TGA DOk, HE
Spektroskopie
Ny N, co, N N, 1.Lauf) 2.Lauf

Shell water type 1 €0, 183 142/234 144/237 138 -/322 203 217
Shell water type 2 Eﬂ? 120 B89/220 - 91 -/320 158 227
{5hell CFC blown
[system FCEW 200 1937230 . 180 £00/313 203 220
Shell CFC bBlown
system X FCER 197 190/230 " 154 1947333 187 224
:ELTEH ESN 1011 FCKW 153 1547204 * w 158/328 155 211
BAYER ESN 1012 EDE 174 1327220 " " =-f318 220 223
|Elastogran | FCKW 180 116/175 . * 1957335 - -
Elastogran Il EEE 182 1297224 o . -f324 - 205
Elastogran [11 EUE 204 155/233 . * -/326 - 212
Logstor 1| FCKW 215 162/187 /230 * * -13%0 - 218
:Lugstur 11 EGE 195 141/ 240 " * =133 = -

Tabelle 1: Erweichungstemperaturen

*) keine Messungen durchgefithrt, =) keine Umwandlung gefunden
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Untersuchungsvorhaben

Vorversuche an Kunststoffmante lrohren mit FCEW-freien Schiumen

Durchfihrung:

Laufreit:

Berichisabfassung:

Projektleitung:

Technische Werke der Stadt Stuttgart AG (TWS)
Hauptabteilung Rohrnetze fur Gas, Wasser, Fernwarme
LautenschlagerstraBe 21

7000 Stuttgart 1

01.03.1991 bis 31.12,1991

Dipl.-Ing. A. Zeller (TWS)

Dipl.-Ing. P. Hofer [TWS)

Stuttgart, fm April 1992
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1. Aufgabenstellung

Die endglltige Bewilligung des Antrages uber das beabsichtigte TWS-FE-Vor-
haben (A 6.1) "Entwicklung eines Prifverfahrens und Bestimmung der Zeit-
stand-Scherfestigkeit von FCEW-freiem Polyurethan-Schaum in Fernwarmeroh-
ren” stand im Frohjahre 1991 immer noch aus. Um die Feltspanne bis zur Er-
teilung des Férderbescheides sinnvoll zu nutzen, sollten in Vorversuchen

- die Grenzen der thermisch mechanischen Festigkeften der zu untersuchenden
Schaume getestet werden und

- die Technik der Temperaturaufbringung uber elektrische Aufheizung erprobt
werden,

7. Technik des Versuchsstandes

Der Prufstand (Bild 1) war so konstrufert, dafl ein 2 m langes Prifrohr mit
insgesamt zehn Prufscheiben bis maximal 170 9C temperiert werden konnte. Es
wurden jeweils 5 Prufscheiben mit gleicher Scherbeanspruchung beaufschlagt.

Da das fur die elektrische Aufheizung verwendete Gerat ublicherweise fiur
die Vorwdrmung von Leftungen in KMR-Technik eingesetzt wird und deshalb fur
wesentlich langere Rohrstrange ausgelegt war, wurde an das PFrufrohr betd-
seits 2#in 3 m langes Rohr angesetzt, um so die Aufheizstrecke zu verlan-
gern.

Bei der gewdhlten Versuchsanordnung (Bi1d 2) konnte ein weitgehend konstan-
ter Temperaturanstieg beim Aufheizen und eine bis auf + 0,5 o ausgeregelte

Versuchstemperdtur érraicht werden.

Die PUR-Schaum-Schnittflachen wurden wahrend der Versuchszeit gegen Oxyda-
tion durch Spilen mit inertem Gas geschutzt.

Die Krafteinleitung (Scherbeanspruchung) erfolgte uber Rohrschellen und
Mitnehmerbolzen [(Bild 3).

Nie Torsionsbelastung wurde dber eine zweiseitige Hebelkonstruktion auf die
Prufscheiben aufgebracht (8114 4).

i
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Uber einen Datenlogger wurden folgende Versuchsparameter aufgenommen:

Med tumrohrtemperatur
Mantelrohrtemperatur

i

Lufttemperatur
Verdrehung am Auflenmantel von 4 Prufscheiben.

Im Hinblick auf die hohen Kosten fur die Wegaufnehmer mit automatisiertem
Erfassungssystem (B1ld 5) wurde die Verdrehung einiger Prifscheiben manuell
abgelesen.

3. Versagenskriterien

Eine Probe versagt, wenn der Verbund Stahlrohr/Schaum/Mantelrohr zerstort
ist. Im Hinblick auf die lanmgen Standzeiten bei niedrigen Belastungen war
Zu untersuchen, ob es im Verlauf der Kriechkurven vorzeitige Hinweise auf
das Efntreten des Bruchvorganges gibt.

Bei den zundchst eingestellten hohen Belastungen mit entsprechend kurzen
Standzeiten waren vor dem Bruch z.7. deutliche Veranderungen in den KEriech-
kurven zu erkenngn.

4. Versuchsprogramm

Bie Versuche 1 und 2 wurden mit kontinuierlich geschaumten, Versuch 3 mit
diskontinuierlich geschaumten Rohren, durchgefuhrt (ON 50 NMormreihe 3). Auf
Jedem Prifrohr waren 2 x 5 Prufschelben angeordnel., Die Versuchstemperatu-
ren waren bedingt durch den Yersuchsstand fur alle Prufscheiben gleich. Fur
jewells 5 Prufscheiben wurde eine gleiche Prufspannung vorgegeben,

Die in der Praxis vorkommenden axfalen Scherspannungen (zwischen 0,01 und
0,03 Hjﬂm?] wurden in den Versuchen mit tangentialen Scherversuchen simu-
1iert. Bei einem Umrechnungsfaktor der tangentialen in die axiale Scherbe-
lastung mit dem Faktor 1,67 entspricht die axiale Spannung von 0,03 H!ﬂm@
damit einer tangentialen Scherspannung von 0,05 Hf-z. Beim ersten Versuch
wurden hohe Scherspannungen von 0,7 und 0,1 Hfl-E (Sicherheiten von s 0 4
hiw. ?) gewahlt: In den Versuchen ? und 3 muRten die Spannungen auf 0,1 und
0,0% u;mmE (s = 2 baw. 1) herabgesetzt werden, da die hochbelasteten Pruf-
scheiben des ersten Versuches bereits beim Vortempern mit 100 o versagten.
= I



Mach dem bisherigen Kenntnisstand gibt es eine Nachverfestigung des Schau-
mes durch eine Temperaturvorbelastung. Da Leitungen uberlicherweise vor der
Heizperiode angefahren und bel Fahrweise mit gleitenden Vorlauftemperaturen
erst uber einige Wochen mit reduzlerten Betriebstemperaturen beaufschlagt
werden, wurde jedes Versuchsrohr uber efnen [eitraum von 14 Tagen bel

100 °c beaufschlagt. Die Vortemperung erfolgte dabel unter mechanischer
Last, da auch in der Praxis am kritischen Leitungspunkten von Anbeginn mit
der vollen Scherspannung zu rechnen ist.

Gegenuber den Versuchen | und 2, bel deneén nach der Vortemperfierung bel
100 °C sofort auf hohere Temperaturen (160 2, 150 9) gefahren wurden, wur-
den im Versuch 3 die Temperaturen wie folgt stufenweise erhoht (Bild 12):

14 Tage Vortemperung bis 100 “C

4.5 Wochen Aufheizung auf 130 °C

tagliche Temperaturerhohung um 2 °C bis 140 °C

1,5 Wochen Aufheizung auf 140 9C

2 % tagliche Temperaturerhohung um 2 “C bis auf 144 °C
7 Wochen Temperierung auf 144 9

Abschaltung nach insgesamt 109 Versuchstagen.

Im Vérsuch 1 wurde unter mechanischer Last aufgeheizt, in den Versuchen 2
und 3 wurde die mechanische Last bel Erreichen von 100 © aufgebracht.

5. Ergebnisse
Frgebnisse Versuch 1 (Prifling 3/a) 160 ©

Torsionsspannung 0,2 H;-u?: Versagen wahrend des Temperns bei 100 o
nach 2 bis 7 Tagen Standzeit

Torsionsspannung 0,1 Hfmme: Versagen nach der YVortemperung wahrend des

Aufhelrens kur? vor b2zw. nach Erreichen von
160 @ (8114 7)

. [
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In den Kriechkurven sind deutliche Anstiege beim Aufbringen der mechani-
schen Last sowie beim Erreichen von ca. 75 2 festzustellen (Bild 6). Mach
dem l4-tagigen Tempern standen nur noch die Prufscheiben mit 0,1 Hfmm? Die-
se zelgten wahrend des Aufheizens auf 160 % deutliche Wegzunahmen ab 135 ©,
Dies durfte den Beginn des Erweichungsvorganges kennzelchnen.

Ergebnisse Versuch 2 (Prifling 2/8) 150 ©

Torsionsspannung 0,1 HﬁﬂmE: Versagen aller 5 Proben nach Erreichen von
150 © innerhalb von 34 Minuten (Bild 1D0Y

Torisonsspannung 0,08 Hfmm?a Versagen von 2 Proben bel 150 % nach 4
bzw. B Tagen. 3 Proben wurden nach 13 lagen
abgebrochen (Bild 11)

Dig Kriechkurven zeigen bei 130 © wieder einen deut!ichen Anstieg als Folge
des Erweichungsvorganges.

Ergebnisse Versuch 3 (Priflinge 2/G) 130 °/140 %7144 ©

Torsionsspannungen 0,1 Hjlmz: ¥ersagen von 3 Prufscheéiben nach Ab-
schalten des Heizaggregates beim Abkuhlen
(Bilder 12 und 13)

Torsionsspannungen 0,05 HImmE: kein Versagen, Torsionsverdrehungen
bei Yersuchsabbruch zwischen 7.5 9 und
9,5 % (Bild 12)

Die Krfechkurven zeigen Unstelfigkeiten kurz nach Errelchen von 100 Oc, so-
wie nach Erhohen der Temperatur auf 130 . Beim weiteren schrittweisen Er-
hohen der Temperatur auf 140 °C Zelgte sich bel 138 °C efn deutlicher Knick
in der Kriechkurve (Bild 12).

Kach dem Abschalten des Helzaggregates fiel innérhalb von Funf Stunden die
Med iumtemperatur um ca. 103 O auf T = 41 9C ab. Dabet versagten drel Pruf-
scheiben. Die automatisch erfafte Prufscheibe 9 scherte beim Abkuhlen auf
41 °C ab (8114 13).
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6. Beurteilung der Ergebnisse aus den Versuchen
Versuche 1 und 2

Schon bei den kurzen Standzeiten zeigen die mit 160 © und 150 © belasteten
Pruflinge leichte Braunverfarbungen im Schaum. Das lafiLt darauf schlieBen,
daffi der Schaum bereits einer unzulassig hohen Temperatur ausgesetzt war.
Das Versagen bereits bei Torsiomsspannungen wom 0,1 bzw. 0,05 H;nu?hﬂurﬂe
nach S0 kurzen Standzeiten nicht erwartet. Beim Abmanteln der Rohre wurden
Fehler im Schaum entdeckt, welche die geringe Belastbarkeit erklaren kon-
nen, Im oberen Te'' war deutlich eine radial ausgerichtete, axial verlau-
fende Maht zu erkenneén, die auf efne zu kurz eingestellte Topfzeit schlie-
Ren lTaft. Awch am Stahlrohr waren Jonen mit unzuréfichender Vernetzung mit
dem Schaum zu erkennen. Im Versuchsrohr 1 2zog sich an der Oberflache des
Stahlrohres gber die ganze Lange des Prufrohres ein Streifen ohne Haftungs-
vertbund .

Die Prufspannungen bezogen sich auf homogenen und uber die volle Oberflache
haftenden Schaum. Unter Berucksichtigung der festgestellten fehlstellen er-
gaben sich am Ubergang Stahlrohr/Schaum tatsachlich wesent!ich hohere Span-
nungen. Die Prufergebnisse durfen deshalb nur gqualitativ bewertet werden.

Die Versuche lassen auf eine reduzierte mechanische Festigkeit ab 130 bis
135 @ schliefen. Dies deckt sich nicht mit den in Laborversuchen beim In-
stitut fur Kunststoffprufung Stuttgart festgestellten Erweichungstemperatu-
ren des kontinulerlich hergestellten Schaumes (150 2). Mur fur diskontinu-
ferlich eingebrachien COp-getriebenen Schaume wurden Erweichungstemperatu-
ren von ca. 130 © angegeben.

Versuch 3

Nach insgesamt 109 Tagen und Aufheizung bis maximal 148 °C zeigten die
Prufscheiben sehr starke Braunverfarbungen im Schaum. An den Stirnseiten
rweier Prufscheiben waren die dort eingebauten Abstandhalter aus Kunststoff
im Berefch bis ! cm um das Mediumrohr infolge der Temperaturbeaufschlagung
vollkommen aufgelost. Das 1aBt darauf schlieflen, daf sowohl der 5chaum als
auch der Abstandhalter bereits eliner unzuldssig hohen Temperatur ausgeselzl
waren,

e i =
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Deutliche Zunahmen der Verformungen sind jeweils bei Températurerhohungen
zu erkennen (Bild 12). Die Kriechkurven flachen bei Anhalten der Temperatur
wieder ab. Beim schr'ttweisen Erhohen der Temperatur von 130 °C auf 140 “C
ist bei 138 9C e*r deu'icher Knick in der Kriechkurve 2u erkennen. Bei Er-
héhen der Temperatur auf 144 °C st sogar efn deutlicher Sprung in der Ver-
formungsiunahme ersichtlich.

Der stete luwachs auch noch nach 4 Wochen Temperaturhaltung auf 130 O weist
darauf hin, dafl der Schaum bereits haltlose Verformungen aufwelst. Der end-
gultige Erweichungspunkt durfte bei ca. 136 97138 °C tiegen. Dies deckt
sich in etwa mit den Untersuchungen am [KP, die den Erweichungspunkt bei T
« 129 °C festgestel!* haben.

Das Versagen nach der Abschaltung der Heizvorrichtung wurdeé nicht erwartet.
5ie ist woh darauf zuruckzufuhren, dafl der Schaum in der Grenzf lache am
Mediumrohr nach der Temperaturbelastung schom sehr ausgehdrtet war und das
sprodere Schaummaterial die die Durchmesserreduzierung infolge Temperatur-
absenkung vor ca, T,07 mm pnter Last nicht mehr ertrug. Im Hinblick auf dle
gleitende Fahrwe‘se im praktischen Fernwarmebetrieb wommt diesem Versagens-
bild jedoch eime wiiwtige Bedeutung Zu, die noch weilerér Untérsuchungén
bedarf .

7. Verglefich zu KMR mit FCKW-haltigem PUR-Schaum

Iu Beginn der Versuche war auch e¢ine vergleichende Untersuchung zu einem
Kunststoffmantelirohr mit FCKW-haltigem PUR-5chaum vorgesehen. Diese Ver-
glefchsprufung konnte aufgrund der begremzten Mittel nicht mehr durchge-
fuhrt werden.

Radiale Zeitstand-Druckversuche an Kunststoffmante!rohren beim RW TUV Essen
im Rahmen der FE-Vorhaben "Betriebliche Selbstvorspannung/Untérvertei lung”
der Fernwirmeversorgung Nigderrhein GmbH und “Weue Pruftechniken und Sy-
stemkomponenten beim Kynststoffmantelrohr” der Gas-, Elektrizitats- und
Wasserwerke Koln AG zefgten auf, daB die radia'en Druckfestigkeiten des
FCkW-frefen Schaumes be’ den untersuchten Temperaturen deutlich unter den
Werten des Mormalschaumes Tiegen. Im Hinblick auf die Parallelitat der
Kriechkurven aus den IWS5-Vorversuchen und den [ insenkungsmessungen der ra-
dialen Zeitstand-Oruckversuchen wurde auf eing weitere Prufumg mit ®-1l-ge-
triebenem Schaum verzichtet.
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Schaltschema des Versuchsaufbaues mit Schaltung Aufhelzgerat,
Regelkreis Uberhitzungsschutz und Temperaturmefwertaufzeichnung.

Einbringung der Scherspannung in das Mantelrohr mit Rohrschellen
und Mitnehmerbolzen.

Aufbringung der Torsionsbelastung uber eine zweiseitige Hebel-
konstruktion. Die Prufscheiben 7 und 8 haben berefts versagt.

Angrdnung der vier Wegaufnehmeér mit automatischem Erfassungs-
system.

Prufrohr 3/A. Eriechkurvenverlauf bef Aufbringung der Last und
Aufheizen auf 100 °C.

Prufrohr 3/A. Kriechkurven bel! Tempeératurerhohung von 100 9%
auf 160 °C. Versagen der Prufscheiben 4 und 2 (0,1 II;‘-?‘J
kurz nach Erreichen der Temperatur von 160 °C.

Prufrohr 3/4, Verlauf der Eriechkurven uber die gesambie Versuchs
zeit

Prufrohr 2/8. Vergleich der manuel] und der automatlischen er-
fafiten Mefiwerte fur Prufschefben 2 und 4. Bei langerdauvernden
Veranderungen kann der Kurvenverlauf auch ohne automatisierte
Aufzeichnung hinreichend genau erfaft werden,

Prufrohr 2/8. Aufheizvorgang von T = 100 °C auf T = 150 °C.
Versagen der Prufscheiben 7 und 9 (0,1 Hfmmzj kurz nach dem
Erretchen der Temperatur von 150 Be.



Bild 11 Prufrohr 2/8. Verlauf der Kriechkurven Gber die gesamte Prufzeit.
Bild 12 Prufrohr 2/G. Verlauf der Kriechkurven uber die gesamte Prufzeit.

Bi1d 13 Prufrohr 2/G. Abschalten des Aufheizgerates nach 109 Tagen. Pruf-
scheibe 9 versagt beim Abkihlen nach 4,5 Stunden bei T = 41 °C.



Bild




?ix‘if‘-a’ﬁh?;.{f

e

10

11

¥ Aulfepadl mal Torrgeeshempgoiorg (Flostfurm Caorsl
Typ LHF &30

2::,1IIHFIWI'HII‘-H !ﬂmﬂ.ﬁ:_lip-ﬂ::'l

3 Answhbsll dor Stremeul dhoeragsalel mael Gor-Fyolikalade e,
B 7 Habad mn gt g Uk aanroiy srgoachevefiion Fafua
frachils flach s e

o et (et Tormgeorsiu bubior 1100 fus
Timrpewaiurropoiereg am Aaltoprsl (i ea]

% e bt brtestglon e et slsfumps s oty S0
T o Eutiemaleaohe Ao oo oo Aolbeee sl fus
Ervimchinn ded sl T = 180 Ot griagion Sefartarts-
T A g g T bk T e

B am Wisfiarahy Baoletgie Tomgees harilhlon P1 100 B
e Pasl Py o Mesdsamisrganaie e Dialonksceo

7 sm banialely Beoleslagior Tompuerabs] Ghdos P 100 1l i
e amckenang i blasnioieobsipmper st sdue Datanikcagps

& Tamguraturfubior 71 100 b de Aufschnung e Lsedsanigs:
Nttt ey Dl
9 Ut aagrachuls Exslseh ormger al il isng-
MWI—_M&MH&
(e ety Meveagus e v dor sul
T = I8 Rasigmajloy Salw Pl dedsindaltint s gEssuiimg
ID Smmemcheank il Safortusto]mchaliung
1 otk mtud i Al e b Sl s sl
12 Dok
13 2 oo larages Prisfviahd el 10 Pyl aobend e

mmwﬂﬂﬂm

I:II‘I.I:.I'M

Bilda 2 Schaltschema des Versuchsaufbaues mit Schaltung Aufhelsgeral,
Regelkrels Uberhitzungsschutz und TemperalurmeBwertauf eichnung.




1 QT e— T
—iH & PLFE S funa®
i it 3 Slasbobyde, i, = V0000

ilﬁ_f — “Lﬁ_lﬁ_ 4 Futwachatic, 8, = 1683 e, B = 60 m
o jm}.‘ : 5 _L,,-"" B hoha (T 20§

T Gt

Bild 3 Einbringung der Scherspannung in das Mantelrohr mit Rohrschellen
und Mitnehmerbolzen.



PR )™ H p

tﬂllﬂﬁ i
SR

Bild 4



Bild



10 = Tempacoter in Gred ©

in Grog €

Targiorm in Grad "= 10 Tempetiv’

Targion in Grad. ‘s

Ll 3
1 Fruntechalza 27800 (6.1 Hfmmesl]
H,..I Fruniaohmsa JPA08 (300 Rfmenenl] Fll'uﬂl rahr 'lfl‘lh
Prustacheibe 3877 (8.3 Nfmaad)
L] I - Famirks

i B mgarubs MO
18-

|
1=
114

@

1 P i

'—

3

¥

.

3 e
o — =

- o

2-| N —

| — —— ‘e

‘:w ol ik in 2b0 . als 150 ks iba

ity JE3LE = BTN Eeit in Swnden

Bild 6 Prufrohr 3/A. Kriechkurvenverlauf bei Aufbringung der Last und
Aufheizen auf 100 °C.

Pruefrohr 3/4 -

|

e
\

Heratermpw el
! Prgsipprales 308 PR U1 Bifpenesnay
e v R L
- ke il N .
ik A= “’ﬂ“ Mre 33100 s 38 aden 22188

S Lull in Shesias
Bild 7 Prufrohr 3/A. Xriechkurven bei Temperaturerhohung von 100 °C
auf 160 9. versagen der Prufschefbem 4 und 2 (0,1 Hfm‘?]
kurz nach Erreichen der Temperatur von 160 2C.



Torsian in Er'n:df- 10 TIH'IIFIE]"IJ'.IJ:' in Grad

=

4=
13+
124 "

‘:ﬂ_—_ -

b

Pruefrahr 3/A

BLshrth s 5ratd
Firanly it SPAER D5k B}
Fraafsanadin 3087 (0.1 KlmmesT)
Peaalianaie 37008 (G0 wfwumeaT)

Prosfuchaze 3/A7E {311 Bfimmest)
TR SR S

gy TREE N = A3imn

Bild 8 Prufrohr 3/A. Verlauf der Kriechkurven uber die gesanile Versudhs

Zell

Leit in Togan



Torsion in Grad »10 Temperatur In Grod ©

(1 Auteeichaang Prgctacheive 2/8/2 (005 N/mmesi)

i (T Moruslie Asissing Prosfacheibe 3007
@ Adreichoung Proofichaie 30004 (0,00 Hmmeed)
3 (@ Mosualie Abiesung Prosfichaibe 3/0/%
FE
il
10
L B
I
7
-
5
PR
e
i E— — Pruefrohr 2,/8
c T 5 3 5 0 U F 0 7 6 11 12 o3 74 15 08 17 v % 36 2) 3 45 3¢ 33 38 20

S ppmagag A ST T = TNSEEY Lait in T':""'"

Bild 9 Prufrohr 2/B. Vergleich der manuel! und der dulomdlischen er
faBten MeAwerte fur Prufscheiben 2 und 4. Bel langerdauermden
Veranderungen kann der Kurvenverlauf duch ohne aulomal s iegrie
Aufzeichnung hinreichend genau erfafl werden.

b= e — - —
{0 Pruslseheiie 30072 (805 bfmmed)
(L ﬂ- Mrusischalva 20004 (0,05 N fmeneed)
ol @ Prustschaive 2/8/7 {n.1 H..fmut‘.l J
w nMn:w ‘ o
'_u.‘ e )
(R a
= &
s SR
2
- Bew
e 74
L
-~
w i
&
]
£ " 3 .'.-I.]:I-._.______._,_ PR e
_E [ . i 5
5 /
= iy Frustrohr 2/8
|_
PR TaEm | um A i . g P

R
Parr——— T TT T T Zail e Togen

Bild 10 Prufrohr 2/8. Aufnelzvargang von | = J00 °C aut | - 150 Yi.
Versagen der Prufscheiben / und 9 (0,] H..'—?I kurs nach dem
Erreichen der Temperatur von 150 gy



Taruiamisd feptdiograsd Pruirese 208 mpt Fous~- frpies Scraum

(Beimmfgng Prgfy. J4d 008 Nfose Prurs. TOR . 00 SSomei

L)

i / 120
LLg 150
it LED
f y —
i 100
a o T
a B =l
- £
i’ ™
"
g § Be
# oo
" an
3 ] 0
®
,..-r-""_-ﬂ_-_-_ g Sl sl A e LR e AT in g
: = Tors. Srifech @ (008 wissss in g & (| 20
- Torn. Bedisch, 4 |0.03 woead in g 4=
: ferw. Broreen, T (0,10 Migmsl 1n s 2|
Torn. Brifech. @ (0,10 Niges| 1n s
» o A L] 19 e e 14 in o 27 ad Fail
Tagi
8ild 11 Prufrohr 2/8. Verleuf der Kriechkurven uber die gesamle Prafeeil,
foralos feitniegre=s Pegfephr A0 mil FOEON= ffai 8@ SONiS
i faatong Prdts Sea 0o0S migss  Peife, T 8 b0 Mgl
] 13-
14 e
(] 130
T 120
T Neap
g “lime
a
i a0 £
s B 'ﬂ!
-1
e 7 o
[-]
. o
] Ui
a ag
1 w
O | R ST LT in [ o=
7 Tera . Prdisem. 2 05,08 Wigssl s p = m
fary. Prdifaem.d B, 08 Wiossl i B —
i Tors. Prdlech,T 03,00 Wigesl A 86— i
fors . Prdtecn. B W00 Higesd in @ —

T 14 31 N SA a3 a8

———
=]

LF I I L L]
lege

BE 10T 11F @ 1EA 4Bl qa

-3

Bild 12 Prufrohr 2/G. Verlauf der Kriechkurven uber die gesamie Prufreil.




Tarmimy i w

4

i3

1]

1

L]

TOrsLEE ‘Il'lllll'.l"l'l'l'l' Eratrent @08 =it Foum- fraiem BCrEum

BELfE. Jed 008 MfEdE Peulfa. Ts8 810 Ilhl'ttll"ll

(£

13a

¥ ]

(17:]

joa

iﬂﬂl uR DR LEBSEr AL UF w E—
Tors. Prdfsch @ @.0% wWigesl (n g =—
Teed. Pediscn 4 0. 0% Wiagsal] (Ao =
Torw, Brifesh T D.10 wigesl in § —

i'l'il"l Profecn. @ W10 Wioss) in o —

&

]

3 a B ] Ly L] ® 18 13 3@ 1¥ & 69
BE urdE P

¥

18

Bild 13 Prufrohr 2/G. Abschalten des Aufhelzgerales nach 109 lagen. Prus
scheibe 9 versagt beim Abkuhlen nach 4.% Stunden bel | - 4] 9L,



APPENDIX 13



r Yorllegende Ergebnlsse: /fm B41- SL}@-IFM VOw w
Slodfwillen  Hannonr

Axiale Scherlesligkeilen

ungeallert goallon 170°C/ 14601 | geallent 160 °C /3600 h
1, in]p4eg] bei Pritlem- |, in [b404] bel Proftem- | <, in (14T bei Priliem.
peralur paralur paralur
-"rf’lfﬂ-\l ,-"i""]r""rhz -"'I"'rjrmml
20°C 130 °C 140°C| 20 °C |130°C{140°C| 20 °C (130 °C|140°C
Mndost: | o onl  nenl nsal aaal 0 RS Aol
anfordarung| 02| 012| 0.12| 0.2 n DE re}r 0.12 0,087

ok o B
Fekw 11 |03% 1) 10 3 0,13 : ) , i
H-FCKW | ZG 12| 2918 >E2, >0 12 1 200 | 212 | 20 | 22| 72,

Fab:hlnk

coz 2,12 | 20,2 20124 SO,RZoR |20 2 [ £gl2| “a12 |« Gi

Tangentiale Scherfestigkeiten
ungeallen geallen 170 °C/ lﬁl h | gealted 160 °C/IG00 L

Ty I (MBI Lel Priliem- | =, in (BRG] bei Prdtiem- | 7, in 13!@/]1:&1 Priftem-
paralur peatur peralur

,..-'th-\? _,ri"’jl-h"'l: ,.-"Ll"lllrhhme
20°C 130°C 140 °C| 20°C [130°C|140°C| 20 °C [120 °C|140°C

Mindesl-

Fockw 11 [0S 7] 9,29 & 23 : :

HFCkW |7C,2 |>G2 [292.| 202|292 | 20,2 1702 |.762| 22 .

coz >0,2. ..::'{:‘,3:" <02 1202|202 |>02. 20,0 £ |«

o FCKW-freier PUR-Hartschaum @]Im@
381001 in Kunststoff-Mantelrohren

L AGFEW |




-

Yorlegende Ergetnisse;  [Bis hevigre (377~ Sipolom,

Aﬁialu Scherfesllg lmlien

ungeallert gealtert 170 °C /1400 h gealtert 160 *C [ 3600 h
1, in[Meg bel Priem- | <, in (88l bei Priftem- | ,, in (B85 bei Pritiem-
peratur peratur paralur
Hfm=? M memt A
20°C 130°C 140 °C] 20 °C |130 °C|140 °C| 20 *C [130 °C|140 °C
Mindest- i e A
anforderung 0,12 0,12 0,12] 0,12 ngajﬂl 0,12 10.08{7)
FCKW 11 0,36} 0.0l 008l 1 0,15 0,13 !
HFCkw | 2622 20,18| 20,12 | 20,2 | 262 | 2412 |2Ci2, e 2q 0l
co2 2020 % 20| 3¢12| 2 12| 202 E’Jfr;g 2012| £
Tnng'anlInIESr:harrasltgI:.'.ei'lan
ungealiert geallert 170°C /1400 h | gealtert 160 °C /3600 h
T In (4RI el Prillem- | 7, in (§RE] bei Priflem- thinﬁui@'ﬁm Priliem-
paralur peratur . peratur
#lmal A fime? A1 m*
20°C 130°C 140°C| 20°C |120 *C|140 °C| 20 °C |130 °C|140 °C
Lﬂ:‘:@i‘,}mg 0,20/ 0,20, 0,20 0,20 0,20
FCkw 11 [0H6-10,15.1 0451039 -|0,33 .|0,32 - : - -
H-ECKW |20.2..202 | 202|202 |20 2| > z|>G2.| =202 =2
lcoz  |Po2]L02|<ar 502|202 | 202 [>T 2 |£02: <02
N I it
T R
SES P> )
Besig FCKW-freier PUR-Hartschaum
/ﬂﬁsl in Kunststoff-Mantelrohren
. AGFW

Blan 2 von 2




APPENDIX 14



APPENDIX 14

Radial Creep Behaviour of PUR-cellular plastic in pre-insulated
pipes (DTI, Denmark)

This research project is simliar to the radial creep rupture
prassure tests carried out by FN Dinslaken, GEW K&ln and GEF at the
RWTUV. The tests refer to pipes with two different reference foams:

FEBIS I (CFC-11 blown)
FEBIS II (CO2-blown)

Aim of the project is the development of a test method for
measuring the radial creep behaviour of PUR foamed plastic jacket
pipes. On this occasion the creep behaviour of both reference foams
is documented on a broad stastic basis.

Test temperature will be 90°C, 110°C, 130°C and 150°C.

Test loads will ba 0.05 MPa, 0.15 MPa, 0.25 MPa and 0.35 MPa.
Test pipes are da/Da = 60.3 mm/125 mm.

Investigations are divided into 3 steps:

a)

Preliminary Tests

Aim of the preliminary tests is to determine the optimum sizes
of the samples as well as the general conditions for the test.
In detail it will have te be investigated:

optimum width of the specimen

In order to be able to carry out rational tests an interior
heatable pipe bar is divided into several specimen segments.
If at this point only the jacket pipe is cut through, the
lateral supporting effect of the foam can be maintained,
although different test loads laying next to each other have a
mutual influence. Cutting through alse the foam inbetween the
single specimens down to the medium pipe a mechanic de-
coupling is reached, but the lataral support effect of the



b)

2

foam is lost and a diffusion lining becomes more difficult.

For the present study the foam samples are cut down to the
medium pipe. That is why a minimum width has to be determined
for the test, under which the lateral buckling and therawith
the missing lateral support effect does not play an important
rola anymore. This has to be calculated with the help of FEM-
calculations.

Avoiding unacceptable diffusion of oxygen

In case of stress-rupture tests with PUR-foams the measuring
result might be vitiated, so that it is most important that
inadmissible diffusion of oxygen is avoided. Especially the COy

cell gas tends to diffuse guickly.

The preliminary tests serve to find out, if the diffusion can
be impeded sufficiently by a diffusion lining or if the tests
will have to be carried out under Cly-atmosphere (rinsing).

Load Deposit

First, the actual load distribution on the earth-bedded
plastic jacket pipes is determined with the help of a FEM-
calculation, so that afterwards the mechanic loads may be
distributed in a realistic manner. Tempering of the pipes is
done from the interior with the help of thermo oil.

Reference Tests
Regarding time and costs factors not all of the possible

combinations of testing voltages and temperatures can be
carried through as long-time tests.

.
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At least for one testing temperature, i.e. probably 130° C,
the 4 testing voltages should act on both of the reference
foams for the minimam pericd of 1 year.

On one hand it is not very probable that the focam‘s creep
behaviour decays under temperature and load, on the other hand
the long-term effects, like those which occcured with the green
TARCO-foam during the TlV-test also have to be registered.

Main tests

Main tests comprise all possible combinations of loads and
temperatures. Each combination of testing voltage and
temperatures is repeated 5 times in order to allow a
statistical evaluation. The total program comprises 160 tests.
In order to observe the time as well as the cost factors, the
tests are interrupted after 1000 hours by the latest, i.e. if
a hubbing of 20% of the insulating thickness has not been
reached until then.

The foams's thickness is measured at the intermediary pieces.
At the same time TMA-investigations are carried through. The
results are imitated for FEM-calculations.
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Titel:

EinfluB halegen{reier PUR-1solierungen aul das Langzeitverhalten von
Kunstistofmantelrohren

Beginn: voraussichtliches Ende:

07/91 12/92

Projekivorschlag/Projektbearbeitung durch:

Institut fur Materialforschung und Anwendungstechnik GmbH Dresden
Fernwarme-Forschungsinstitut in Hannover e. V.

Ziel:

Ermittelt wird das Temperatur-Zeitverhalten fir die mechanischen und ther-
mischen Eigenschaflten der PUR-Dammschicht und insbesondere [ir die Fe-
stigkeit des Verbundes zwischen Stahlrohr und Deckschicht. Die bekannten
Methoden fGr die Abschiatzung der Lebensdauer [rongeschaumter Kunsistoflf-
mantelrohre sind aul ihre Anwendbarkeit [lr die neuen Schaumsysleme zu
Uberprifen und flalls erforderlich, weiterzuentwickeln.

Parameler:

- Allerungstiemperaturen von 140...170 =C
- Prilfzeiten, Priftemperaturen, Prifmethoden

EinlluBgroBen:
Diffusion, Herstelltechnologie

Probenform:

Rohre DN50/160 und Prifkérper

vorgeschlagene Systeme:

R11=- und CO:-Relerenzschaumsysieme

Kosten: Finanzierung durch:

400.000 DM Arbeitsgemeinschaft industrieller For-
schungsvereinigungen

Bemerkungen:
Die MPA wird sich an den Arbeiten beteiligen.
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Enclosure 2 1992-02-18

Forachamgeprolakin un Thesa “Feus Bibbma f0r DO Bresd Pabruar 1603

Tt
Creep proparties. Radial cresp

Baginn voraussichtliches Ende:

1992-03-01 1993-12-31

ale or's i rojektbearbesltung durch;

Chalmars University of Technology

Gothenburg, Swedsn

Swedlish Natlonal testing and Research Institute
Gothenburg, Swedsn

ITeT:
Test squipsent and test procedurs to evaluats the oresp data for
polyurethane foam have besn developed in an sarllsr project, By using
this Enovledge the cresp data of PUR-foam will be lnvestigated.
Influsnce of gas typs and callular size as well as tesperature
depandance will bs conaldered.

Farazeter:
Temparaturs: 23, 100, 120, 140, 160°C
Load: 50, 100 kFa

Type of foam: FEBIS-CFC11, FEBIS-CO;, CO;, HCFG

EInfTuBgréten:
Bloving agsnt CFCLl, CO,, HCFC:a
Callular size and strusturs

Frobeniom:
Test samples of PUR-materisl taken from district heating plpes.
Dimenaions 50x50x25 ==’

VOLgeschlagens Systeme:

Fosten: FInAnzIarung dureh:
105 000 ECU 40T NUTEK
60X opan
HBamarkungen:

This project will ba carrled at Chalmers University of Technology,
Evedish Bational Tasting and Ressarch Institute and in closs contact
with Danlsh tescing Instituts (DT1), wvhere radial creep on pipe
sasples are to ba tasted,
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Enclosure 3 1992-02-18

Forschmgeprajaiitn dun Thesa “Tees Deblume f0F B4R Btand Febranr 1003

TTERT:

Creep properties, Axlal cresp

Feglnn: vorausslchtllches Ende;
Part 1; 1992-05-01 1993-03.131
Part 1: 1993-04.01 1993-12-31

PFrojektvorachlag/FroekEbeArDoLLuUng Qurch:

Chalmsrs University of Technology

Gothanburg, Sweden

Swadlsh Bational Testing and Eessarch Institute
Gothenburg, Sweden

Liml}
Fart 1: To develop test procedurs and test squipment to svaluate tha
creep properties for polyurethane foam exposed to axial shear forces,
Part 2: Measuring the axlal cresp and its dependence on Cempsratures,
loads and call structures.
Taraneter.
Temparature: 23, 100, 120, 140, lé0°C
Load: &0, 80 kPa
Type of foam: FEBRIS.CPC1l, FERIS.COy, COy, HCFC
ETRIluBgrEBen:
Blowing agent CFCll, COy, HCFC;»
Cellular size and structure
Frobesforn:
Test samples of m-nltltll'!_. taken from district heating plpes.

VorgeachIagene Systeme:

Fosten: Financierung durch:
Part 1: 30 000 ECU Fart 1: NUTEK
Part 11:. BD D00 ECU Part 11; opan

Bemerkungen:
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Enclesure &4 1992-02-18

Fernchunjapoe akie vun Thesa “News Babluse (80 EHRC Bhand Febrwir 1883

TTEel:
Modal for creep behavior. FEM analysis.

Faglnn: voraussIchtlIchias Ends:
1992-03-01 1992-09-30

rojaktverschiag/FroJektbearbe g durch:
Chalasrs Universicty of Technology
Cotheanburg, Sweden

Zlel;
To simulate radlal cresp on district heating pipes by using FIM-
modsal. Different modals will ba implemented and svaluated. The
simulations will ba compared with axparimental results obtainsd ac
Chalmers University of Technology, Swedleh National Testing and
Ressarch Instituts and Danish Testing Insticuts.

Farametar:
Cresp behavior at operating tesperatures and for appropriate loads,

ETnflulgrifen:

Frobanfora:

Thecretical analysis

wrpuﬁhpm 5}"]- ITTE

Yoeten: Finanzlerung durch:
26 000 ECU Chalmers University of Technology

Eemerkungen:
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Enclosure & 1992-02-18

Perachmpapeo)alin mah Thma “Foin Behilae {0 EER- Biand Fabsuse 1042

TTel:
Thermal conducelvity and ageing of polyvurethans foanm.

Diffusion of gases through cell walls and through surface materials.

1 voraussichtliches Endas:
1891-01-01 19%83.12-31

Chaloers University of Technology
Division of Bullding Technology
Chamical Environmental Sclencas
Gothenburg, Sweden

Tel:
The ains of the project {s %o form and maintain a group of sclentista
with an Interdisciplinary quality In order to study CFC-Lree
pelyurethane foams. Basic studies of heat tranafer and gas diffusion
ars vital to underatand the mechaniam, that {nflusnces the ageing of
the fomm with reapect of thermal conductivicy.

ATASSTHT
Gas miztures CFCll, €Oy, HCTC)w and mixturss
Time
Temparaturss
Surface saterials

EInITuEgrafen:

Frotenlomm:
Plpe samples, sheets of FUR-materlal.

VOIZeSCHIAGSNs SYSCADS:

Foaten: FInanzlerung durch:
400 000 ECU KUTEK

Nemarkungen:
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Anlage 1

Ausschreibung fdr tangentiale Scher-
Kriechversuche an Kunststoff-Mantelrohren

Mit Schrelben vom 03.04, 1992 wurden folgende Prifinstitute zur Abgabe eines Angebots
aufgefordaert:

AMPA, Hannover (L)
Chalmers Universily of Techriology, Gétebarg  (S)
DTI, Aarhus (DK)
EMPA, Ddbendor! (CH)
FFl, Hannovar (0)
IKP, Stuttgart (D)
IMA, Dresden (D)
KEMA, Arnhaim (ML}
National Tasting Institule, Goteborg (8)
Studsvik (S)

University of Technology, Lappenranta (5F)
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Be /3.4 1092

Rahmenkonzept flr die Untersuchung von KMR durch
tangentiale Scher-Krlechversuche
- Entwurf -

1. Aligemeines

Um die FCKW-freien PUR-Hartschaumsystema in KMR auch hinsichtlich lhres Scher- und
Kriechverhalens beurteilen zu kéinnen, ist s notwendig langentiale Schar-Kriachvarsuche
durchzufinren. Das Ziel der tangentalen Scher-Knechvarsucha ist, in Abstimmung mil wei-
teren paraliel laufenden Unlersuchungen, ein tralbmittelunabhingiges und nomungstahi-
ges Prifkonzept fir die "neuen® Schaumsystemsa 2u entwickeln,

Die Untersuchungen sind an Probekérpern durchzufihren, die aus bereitgesteliten KMR
herzustellen sind. Diese KMR enthalten PUR-Hartschaume, die als sogenanntas "Heferenz"-
Schaumsysteme die bisherigen FCKW11-geblahten und die "neuen” CO,-gebiahten
Schaumsystemne reprdsentieren. Die "Referenz”-Schaumsystame wurdan von den Schaum-
herstellern Bayer, Elastogran und Shell gemeinsam fir die - im Rahmen der Erarbeitung
von Prifkonzepten 2um Nachweis der Eignungsfahigkeit - notwendigen Untersuchungen ar-
arbeitet.

Die guantitativen Ergebnisse der Untersuchungen der "Heferenz®-Schaumsysteme sind da-
bel von sekunddrem Intéresse, da diese Formulierungen nicht in dem MaBe optimiert wer-
den konnten, wie dies bei den am Markt angebotenen Produkten der Fall ist,

Der Endiermin der Untersuchungen ist September 1993.

Die im Rahmen der nachlolgend beschriebenen Untersuchung durchzufilhrenden Arbeiten
sind nach beslem Wissan und dem akiuellen Stand der Technik bzw. der diesbeziglichen
Fachdiskussion auszufihren, Eine enge Abstimmung mit weileren an der Gesamiprobiema-
tix arbeitenden Prifinstitulen und Fachleuten ist hinsichtfich des sich rasch weitarent
wickelnden Erkenntnisstandes zu gewahrieisten.

Als Auftraggeber der tangentialen Scher-Kriechversuche ist nach einer Auftragsvergabe die

Arbeitsgemeinschafl Femwarme - AGFW - a V. -
bal der Vereinigung Deulschear Elekirizitiswarke

Stresemannallee 30
D-6000 Frankfun am Main 70

Tel.: (069) 630441
Fax: (069) 6304-391

Die Koordination der Untersuchungen sowie die Bewertung der Ergebnisse wird von der eu-
ropaischen Projektgruppe "Koardination / Controlling FCKW-freier Schaumsysteme In KMR®
durchgetihrl.

Dle unter den Punkten 2 und 3 beschriebenen Elnzelheiten zu den tangentialen Scher-
Kriechversuchen beruhen aufl BaschiGssen der 0.g. europdischen Projekigruppe und zelgen
das Rahmenkonzepl dieser Unlersuchungen aul. Die zur Abgabe von Angeboten aufgefor-
derten Prifinstitute haben neben einer Referenzliste dhnlicher bxw. vergleichbarer in der
Vergangenhelt durchgeflhrier Untersuchungen und der Angabe der unter Punkt 4 nher zu
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untergliedernden Kosten auch ain detailliertes Untersuchungskonzept vorzulagen, das u.a.
folgende Punkte enthalt:

zeitlicher Ablaul

Versuchsaufbau

Varsuchsdurchiihrung

Anzahl der bendtigien KMR

Dokumentalion

«  Auswertung der Ergebnisse und deren Interpretation im Rahmen der Gesamipro-
blematik

Der Auftragnehmer hat tir die Dauer der Unlersuchungen namentlich einen verantwortli-
chan Untersuchungsleiler 2u banannen.

L] Ll - L

2, Versuchsbedingungen
2.1 Versuchsaufbau

Alle Untersuchungen am CO,-"Referanz"-Schaumsystem sind unter einer CO_-Athmaspha-
re, die in Form einer permanenten Spdlung auszulihren ist, durchzulGhren,

Bei den Untersuchungen des FCKW11-"Reterenz-Schaumsystemes ganugl eine Abdich-
tung der offenen Schaumendbersiche.

Dem Angebot ist seftens des Anblelars der fUr die Untersuchungen gedachta Versuchsaul-
bau In Form von Skizzen und mit einer Baschreibung beizulegen.

Insbesondere solllen diese Informationen AufschiuB Ober die Realisiarung der Prifathmo-
sphére, die Erwdrmung der Mediummohre, die Reduzierung des Einflusses der Warmestrah-
lung der Mediumrohre auf die Stirnseiten der Warmedammung, die Auforingung der tangen-
tialen Beanspruchung und der MeBwenaufnahme geben.

(In der Anlage zu diesem Rahmenkonzept haban wir lhnen beispielhaft eine Beschreibung
gines nicht mehr vorhandenen Versuchsstand von TWS Stutigan beigetigt.)

Der Auftraggeber erhalt alla Rechte am Versuchsaufbay. Dias betrifft insbesondere die Ar
und Weise der konstruktiven Ausbildung und die Versuchsdurchilhrung.

22 Versuchsdurchfihrung
2.21 Herstellen der Priflinge

Die 2u untersuchenden und beziglich der darn enthaltenen Schaumsysteme (je ain
FCKW11- und CO2-gebldhtes Schaumsystem) gekennzelchnelen Untersuchungsaoblekie
(KMR) werden fir die Untersuchungen zur Verfligung gestelit.

Abmessungen: Dﬂjig? 125, Lange 6 m {nach EN 253 - 2. Draft revision; 1991-04-25)

Aus den angelieferten KMR sind Priffinge fir die tangentialen Scher-Kriechvarsuche nach
EN 253, 2. Drah revision (1881-04-25), herzustellen, Dabei ist darauf zu achten, das die
herzustellenden Priflinge zur weitgehenden Reduzierung von Diffusionsvorgéingen nicht
unnétig lange ungeschitz! der Umgebungsathmosphare (Luft) ausgesetzt werden.

2.2.2 Durchzuflhrende Unlersuchungen

An den angelieferten KMR sind folgende Eigenschaftswerte im ungealterten Zustand nach
EN 253 zu ermitteln:
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Zellstrukiur
Kemrohdichie
Gesamirohdichta
- Drucklestigkait
- Wasseraufnahme

Dia tangentialen Krech-Scherversuche sind Ober dic gecamta Versuchsdauar bel gleich-
bleibenden Versuchsparametern (thermische und machanische Belastung) durchzutlhren.
Als Umgebungstemperatur wird - wie in EN 253 - Raumtemperatur fastgelegt,

Wahrend der Versuchsdurchfihrung sind daverhaht die zeitabhidngigen Kriachverformungen
bzw. das Versagen des Verbund-Rohrsystems zu erlassen und in gesigneter Form darzu-
steflen. Die entsprechenan Prifathmosphdren, wie in Kapitel 2.1 vorgegeben, sind einzu-
hallen.

Car Umfang der Untersuchungan pro Schaumsystem ergibt sich aus den nachfolgend auf-
gefUhrten Kombinationen der Parameter “Temparatur” und “Tangentiale Scherbeanspru-
chung®:
Temperatur; T=90, 110, 130 und 150°C
(Die Temperatur ist an der Oberflache des Medium-
rohras zu massen, Die zuldssige Abweichung wah-
rend der Untersuchungen betrdgt 0.5 °C.)

Tangentiale Scherbeanspruchung: <, = 0,02; 0,04; 0,08; 0,16 N/mm?
(Als tangentiale Scherspannung glit die an der Ober-
fiache des Mediumrohrés aufiretends Beanspru-
chung.)

Die Priikempsaratur solte ausgehend von der Raumtemperatur nach 30 Minuten arreicht
sein und weitera 30 Minuten beibehalten werden, bevor die tangentiale Scherbeanspru-
chung stoffrei und 20gig autgebracht wird.

Die Versuchszeit beginnt mit der Aufbringung der tangentialen Scherbeanspruchung.

Alle Kombinationen aus "Temperalur” und “tangentialer Scherbeanspruchung” sind minde-
stens tdnfmal zu wiederholen, damit ein Minimum an statistischer Absicherung gewahriei-
stet warden kann,

Die einzelnen Untersuchungen sollten Ober enen Zeltraum von 1000 h durchgetihnt wer-
den. Die Versuche sind beendel, wenn die Verbundwirkung des KMR versagt.

Ausgewshlte Parameterkombinationen {nach Abstimmung mit andaren Untersuchungspro-
grammen) sollten hinsichilich einer besseren Zeilstandprognose Ober einen Zaitraum von
einem Jahr laufen.

Vor Beginn der Untersuchungen ist seitens des Auftragnehmers ein detalllierter Untersu-
chungsplan - mit wesenliichen fir den Aufbau, den zeHlichen Ablaul und die Durchflihrung
der Untersuchung relevanten Informationen - vorzulegenden, der von der AGFW (in Ab-
stimmung mit der europdischen Projekigruppe) genehmigt werden mufi.

Dieser Untersuchungsplan enthalt - nach Festlegung zwischen den Vertragspartnern - Kri-
terien bzw. “Meilensteine”, zu denen ein schrifiicher Zwischanbericht vorzulegen ist und
vom Auftraggeber hinsichtlich der Ergebnisse und der Einhaltung des Terminplanes bewer-
tet wird, Der Auftraggeber enilscheidet nach Erreichen der "Meallensteine” Gber die A und
Weise der weiteren Fortfihrung der Untersuchungen.
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2.2.3 Dokumentation der MeBergebnisse

Die Aufzeichnung dar MaBergabnisse ist versuchsbeglailend durchzutihren und dauarhah
zu dokumantieran. Die Dokumantalion dar MeRergabnisse sollte aul elektronischan Daten-
trdgern eroigen (ASCIl-Code), um diesa gegebenantalls In einem mathematischen Madall -
mit dan Ergebnissen aus walleren Untersuchungsprogrammen - korralligran zu kénnen.

3. Auswertung und Dokumentation der gesamtan Untarsuchung

3.1 Zwischenberichte

Wie unter Punkt 2.2.2 ausgetihn, sind Zwischanbarichte anzufertigen und diese in schriftli-
cher Form dem Auftraggeber auszuhdndigen,

In den Zwischenberichten sind die bis zu diesem Zeilpunkt erarbeileten Ergebnisse auszy-
werten und hingichtiich der weiteren Versuchsdurchfihrung zu bewerten. Der Auftragneh-
maer ist verpflichtet, die aus seiner Sicht erkennbaren Probleme deutlich 2y formulieren und
dem Aufiraggeber Verbesserungsvorschifge fir dle weitere Bearbeitung 2u unterbreiten.
Dazu st in enger Abstimmung mit anderen relevanten Untersuchungen und Erkenntnissen
vor allem die Auswirkung auf die Gesamiproblematik - Gebrauchstauglichkeit von KMR mit
FCKW-freien Schaumsystemen - zu bewsrten.

3.2 AbschluBbericht

Nach Beendigung der Untersuchungen ist ein schrifticher AbschluBbericht anzufertigen,
der AufschluB dber die gesamie Untersuchung glbt.

Der AbschiuBbencht ist dem Auftraggeber vorzulegen und mufl von diasem, nach einer Ba-
wartung, schriftlich ganahmigt wardan,

3.2 Prasentation der Ergebnisse

Der Auftragnehmer ist verpiiichtet, auf Wunsch des Auftraggebers diesem oder von ihm zu

benennenden Personen |ederzeil die Moglichkeit zu geben, sich am On der Untersuchun-
GeN LODWE QR Saeind e seilen auw hildiinieia.

Der Auftragnehmer steht darGber hinaus In terminlicher Abstimmung mit dem Auftraggeber
fir Prasentationen und Diskussionen des Versuchsstandes, der Zwischen- und Endargeb-
nisse el¢. vor elnem vom Aufraggeber festzulegenden Kreis von Fachleuten zur Verflgung.

33 Verligbarkeit dber die Ergebnisse

Fir die Verdffentichung von Ergebnissen bzw. Zwischenberichten (auch auszugsweisa) Ist
die Zustimmung des Aufiraggebers einzuholen.

4. Vergltung der erbrachten Lelstungen

Leistungen seltens des Auttragnehmers kdnnen dem Auftraggeber nur dann In Rechnung
gestelit werden, wenn diese in schriftiicher Form als Auftrag (baw. Auftragserweiterung) var-
ainban wurden.
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Im Rahman der gesamien Unlersuchung kann der Aultragnehmer seine bis zum Zeitpunkt
der Rechnungssiellung erbrachien Leistungen in Rechnung stellen. Der Nachweis der er-
brachten Leistungen ist in Form eines Zwischenberchies zu dokumaentieran und dem Auf-
traggeber auszuhandigen. Die Beurteilung der erbrachten Leistungen erfolgt nach der unter
Punkl 1 ausgelihnen Vargahanswaisa.

Werdan im Rahmen der Versuchsdurchtlhrungen Mehreistungen des Aultragnehmers er-
sichthich, die autgrund nicht vom Auftragnehmer zu verantwortender Grinda autraten, sind
diase unverzuglich in schrifilicher Form dem Aufiraggeber bekanntzugeben. Eine Vargitung
von Mehrleistungen kann nur dann erfolgen, wenn diese vom Auftraggeber in schrftlicher
Form beslatigt warden.

5. Verrechnungssétze tir die zu erbringenden Lelstungen

Gemal des unler Punkt 1 - 4 beschriebenen Lelstungsumfanges tir tangentiale Schar-
Kriechversuche werden die zur Abgabe eines Angebotes aufgeforderten Prifinstitute gebe-
ten, ihren finanziellen Leistungsumfang wie nachfolgend aufgeflhn, anzugeben.

Weitere Kosten, die im Umfang dieses Rahmenkonzeptes enthalten sind, sind in den nach-
folgend aufgetihnen Positionen zu berlcksichtigen und kénnen nach einem eventuellen
Vertragsabschiull nicht gesondert in Rechnung gestellt werden (z.B. Personalkosten, Rai-
sekosten, Berichta, Prasenlationen efc ).








