Temperatur e Variations in preinsulaed DH pipes -
Low Cycle fatigue (1996 N6)

Background

Design of Distiict Heating Pipes with
Respect toTemperatur e

The derelopment in constiction pinciples br
preinsulded pipes dr distict heding is dealy
maving towvards pe-heaed or pe-stessed
systems or systemshete the cold spng
effect is utilised not oglin bends and cued
lines hut also in stight pipes (cold king and
self-induced pe- stessing).

Utilisation of the cold spng efect is not ne.

give yield wer the entie cioss section of the
pipe

Accepting yield over the entie closs section is
quite nev and uniquedr distict heding pipes.
Tempeeture induced axial séisses @& low in
most other piping systemand theefore it is
not a sepus limitaion in these systems to
have restictions in the codes not alléng

yield over the entie cioss section.

However, for preinsulded distict heding pipes
mary designes ae bajinning to accpt the
concet of self-induced mstessing combined

Most codesdr design of piping systems under with very high nhominal axial s&ss anges.

pressue assume thahe rmal yield stess in
bends is pproximately twice the yield s&ss
for steel.Therefore the eal stess ange will be
+/- the yield stess after the initial self-induced
pre-stessing

When the s@ss ange is lager than twice the
yield stess the system is said to be in th& lo
cycle fatigue range. In the lav cycle fatigue
range the anajsis should in pgnciple be done
based on the stin range, but in practice the
calculdions ae nomally made with a linear
elastic model andofmal stessesWhen
evaluaing these érmal stesseswhich can be
larger than twice the yield ®ss,a corection
has to be made because iagiice the shin
will be lager than calculed by the elastic
model.This corection can typicajl be
included in the dtigue cuwe.

The use of @-heding or pe-stessing does
not increase the allwable stess angg, but it
reduces thedrces and displacements in the
system.

As this design method is based ow lgycle
fatigue design theumber of load ycles has to
be limited and in codesdr pressue piping a
figure of 7000 complete load/des is
nomally assumed (one full tempture o/cle
per dg in 20 yeas).

For eat °C a staight pipe is hetad the axial
stress will incease 1.2 x 2.1 = 2.52 Nfm/°C.
The minimum yield stess ér mild steel used
for preinsulded pipes is typicafl 235 N/mm2.
This means thaheding mote than 93C can
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The maxinum acceteable stiess ange dgpends
very much on the pedicted mmber of
complete load yrles in the littime of the
systemsand as the design method is quite
progressve the loads should on the other hand
be estimged quite consestively. Also the
sakty factor of the design will solelbe
applied on the loads.
The maxinum tempegtures in a systems is
nomally known quite vell due to the saty
equipment on the boileralthough peaks
exceeding the maxiom design tempeture
with up to 10°C may hgopen &g. in case of
failing contols or suden incease in
comhustion in vaste incineation.
Another moe seious poblem is the ariation
in tempesature.
The tempeature in the systems will oftenawy
during the opeation in oder to meet the
heding demandbut the unintendedariations
in tempeeture ae moe difficult to estimée,
and thg are the most se@vus thed to the
lif etime of the systemshen speaking of i@
cycle fatigue
Intended wiiations in the systems atypically:
» Planned wiations due to nagnal use of the
system.
« Variations d the boiles in oder to \ary the
production.
< Varations in house connection due tg.e
night time set-bdcor shut-of by the
consumer and otheawations due to
consumer behgour.



Unintended aiiations ae typically:

1. Cold plugs after st&up or hangs in
production eg. in boiler cental with
cascade coupling

2. Variation due to suden dhanges in the
caloiific value duing comhustion of waste

3. Hunting (pendling) in contd equipment.

4. Hot plugs &consumes installdions.

The examples shw tha the tend to consee
enegy by more sophisticeed contol and
opewtion also inceases theisk of increased
tempeesture \arations.

On the other hand thexmber of tempeture
cycles should be limited en utilising
prestessing or self -induced gstessing
preinsulded piping systems.

Summary

In Denmak, Gemary, Korea,The Netheiands
and Sveden &17 distict heding sites the
suppl and etum pipes hae beenifted with
tempesture measting equipment and da
loggers.

There ae 8 measling sites aconsumes
with pipe diametey from 28 to 219 mm and
9 measung sites asuppy staions
(production or hetaexchanger staions) with
pipe diametes from 356 mm to 1219 mm.

At ead of these sites the temprire has been
logged every minute for a peiod from 81 to
365 das - moe than 5000 des or 7.6 million
measuements all tgether

For ead site the measements hee been
sotted ly the so-calledainflow method 6rming
a mdrix, where the mmber of gcles ae soted
accoding to mange (AT =1,2,3...110°C) and
mean tempeture. An overview of the esults is
given for AT =5,10,15 ...110°C.

The marixes hae been angbed using the
Palmgen-Miner cunalative damage theoy,

and the mmber of full tempeaature g/cles, N,
have been calcutad for low cycle fatigue
curves with diferent slope constantb, In the
calculdions the measement pdod of
approximately 1 year hae been coverted into
a 30-year peiod by simple linear prgression.

The efect of diferent measung frequencies
is discussed tgether with an ealudion of the
results.

For ead site the measaments a gaphically

illustrated with:

1. A graph shaving all measuwments.

2. The mdrix shawving the umber of
tempeesture g/cles in eldion to mean
tempeature.

The rumber of full tempeature gycles
comresponding to a 30ear peiod for slope
constants b = 34 and 5 ér a common
reference tempeture AT = 110°C and br
AT =T - 10°C wher T, is the
maximum tempegture measied d the pipe
concened

3. A logaiithmic graph shaving the umber of
cycles as a function of the tempgirre
range.

4. A graph sheving how the diferent
tempeature ranges contibute to the
cunulative damae.

Condusion
The following condusions can be dwn from
the poject:

1. The cuves fiom the 17 measing sites a¢
velry different.

2. Ther is a big diference betwen main
lines and house séce connections.

3. The lagest umber of full tempeature
cycles is athe consume

4. At the consumerthe lagest umber of full
tempesture gycles is alvays & the etum
pipe

5. A consumer on a high tempgure system
can cause merdamage than one on avo
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tempeeture system. ST
6. Low tempeature systems will other things RNt eV cTe i e e Vi [ely

being equal hae smaller gcles than a high b=3 17 136 365
tempeegture systems. b=4 4 42 102

7. At the poduction sites theris a tendenc b=5 1 18 37
that the lagest umber of full tempeature
cycles is & the suppt pipe Return

8. The rumber of full tempeature o/cles Production Minimum  Average Maximum
depends on b(b is the slope of thetigue b=3 2 7 14
curve). b=4 0 1 1

9. The lage peaks ha the geaest infuence b=5 0 0 1

(specialy for b = 5).
10. The small peaks ka gedaer influence ér Supply

b=23. Consumer Minimum  Average Maximum
11. A sampling fequeng of 1 min. is b=3 7 139 578

accetable. b=4 2 55 308
12. A measuing peiod of one ar is b=5 1 31 197

accetable in the assessment of theess

from tempegture over a 30-gar peiod. Return

Consumer Minimum Average Maximum

A summay of the calculeed rumber of full b=3 35 429 1050
tempeesture g/cles is gven in the thles belov b=4 4 111 379
for the eference tempeture AT, = 110°C. b=5 1 37 157

It shall be noticed thaghe gedest \alues is i Table 1.1:Numbes of full tempeature ¢ydes br
the consumerretum pipe and the smallest a  AT,,;=110°C and b= 3,4 and5.
the letum pipe & the poductions sitesThe

difference is signitant. heding, though the laver limit for house
sewice connection a& set 81000 instead of

The lagest \alues of full tempeture g/cles 500.

calculded for b = 3 ae within the ange

specifed in the guideline in the Danish Lower figures should ol be usedif the

Standad for DH pipessee tgpter 3. designer has arm knawledge of the

These alues ae for b=3: tempeature histoy to which the system in

e 100 - 250 full tempeture g/cles for lamge question will be subject. Ewn if sut
main pipelines knowledge is available consevatism is

e 250 - 500 full tempeture gscles for adviséble, because thermight be suspicion
ordinary distribution pipelines that the expectaions of the opetting pesonnel

¢ 500 - 2500 full tempeture gscles for house are not in accatance with theaalities.
sewice connections Furthemore it is impotant to be ware of

systems with iegular opestional conditions.
For the time being theris theefore no basis

for chandng these @commendgons. The The information on where the lagest umber
same ecommendi@ons ae used in a @it of full cycles occur should cause thaore
European Standdrfor design and instalian attention is paid to details lkthe &tigue life
of preinsulded bonded pipeof distict of brandh connections to consunsgespecialy
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the tee were the band is connected to the
main pipe

The opeating pesonnel should use thegults
to evaluge the mode of opation and
especialy the impacts on the DH systenoffin
the consumes. Some tempeture \aiiations
are due to engy sasing measugs and the
systems should of cose be designed to
withstand theseariations. Havever, mary of
the tempeature curves moe than indicte tha
mary of the lage tempegture varations occur
due to ingpedient instumentaion & the
consumes, thus causing an unnecessarear
of the system.

Finally, it must be mentioned thalthough the
Palmgen-Miner cunulative damge theoy is
a eneally acceted theoy for fatigue anaysis
there is a stong suspicion thaa tempesture
histoly with few large tempegture g/cles is
more hamful than a tempeture histoy with
mary small \ariations, which gve the same
number of full tempeature g/cles.

This is especiafl true for preinsulaed bonded
pipes. If br example a bang of direction is
designed withdam cushions in der to
absorb the gpansion of eg. AT = 110°C, it is
more or less @dent tha the constuction detail
better can lasorb a lage rumber of small
tempeature variations than a limited umber
of very big vaiations.

When the poject oiginally was desédbed it
was &pected thaafter pocessing the
tempesture measwements wuld gve figures
for full tempesture gscles, which, without ary
further consideation, could be used as a
design basis hen designing bendi&e and

other distict heding components in the\w
cycle fatigue mance.

However, even though the pject has aded
consideably to the knavledge of tempeature
variations it has notigen the inal ansver, but
raised a nmber of ner questions.

The most impdant question is thehoice of
SN-cuwe. It is very impottant tha the same
SN-cuwe is useddr calculdion of the mmber
of full tempeeture g/cles and as limit sta for
the fatigue anaysis, but which cuwve is most
relevant for buried prinsulded pipesp = 3,4
or 57

The second question is the gersion into full
tempesture g/cles. Fom maly of the
tempesture specta it is seen thavery mary of
the tempeature g/cles must be in the high
cycle fatigue range and it might thesfore not
be corect to comert them into éw cycles in
the low cycle fatigue mange.

A third question is the assumption tilae
stress diferences a piopottional to the
tempeesture differences.

These questions cangtrebly be angrered by
applying the measad tempeature histores to
elasto-plastic models ofubed prinsulded
pipes usindreal” fatigue curves,and it is
among other things the intention tcaenine
these questions in anpected contingion of
the poject under the IEA Disitt Heding and
Cooling Ppject,Annex V.

The measwd and pocessed da male up

close to 450 Mb and will beusned on CD-
ROM so thait is available for further studies.
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