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Summary

Taonday, thermial pre-stressimg of ihe pipes is
generally aviided when they ane laid by the
cold inseallation methok,

Wiith teuday s practice of cold pipe installation
the design siress parmelers are nol any hanger
Lirmited by the material"s 0,279 yvield strain,

OF all possible options cold pipe Insallsion is
the simpdesa kind of laying rechnology which
opens new wnd eifective poasibilities of
constiucion-sie organiration. Witk appropoiate
preparation the seiivities can be performed in 4
spgle-day-conslractinn pranner.

The sintsc stresses coused by cold pipe
installation esceed the strésses resulting from
the (1.29% yield sirain, The design is governed by
a fatigue snalysis hased on the approprise
numiber of load cyches for district heating.
Hence, ihe material's mechinical siress
resistnnce is used 1o an exlensively lugh degree,

With cold pipe imstalliteon resulling sivesses can
reach the stresses of the sctual yeeld sirain. As s
conscguence, (he pipe endings which ane
generally located in the expansion zome undergn
considerable displocementi. Solumons have
been worked oul 1o controf the high siresses amd
strnins. These are described in the laler sectiony
isf this repori. In general, speratng ihe sysiem
Al moderate lemperalures s back some of the
disadvantiges and restrcthions of the cold pipe
instaltathon mcthod

The meihad of cobld pipe installation s
definitely applicable today. The decisive
uslions concerning makerial stresses are
solved both theoretically and experimentally
An increasing aumber of companics docs cald
pipie installation using several years of
expericnee panicularly thise made in Denmark,
Sweden and Germany, Fumher investigaiions
will be likely to bring alopg simpliflications in
the design of service conpeciions,

The predominan advamage of cold pipe
inslallation is the reduction of construction s
pnd gomts, Extensive investigutions of the time
span of consinction have shown thal
construction time decreases 1o 6TF and costs 1o
B1% when compared to pipe laying by ways af
thermil pre-siressing.
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Introduction

1 General

Thee sapply wiith district beating, which is
regaided as lesspolluting and resource-
conserving, cun be expanded as msch (unher as
pipelines can be imatalled mone cost-eiMicien.
Therefore, many Inifiatives xim o the rediaction
of prpeline comsiretion costs, One of the
pasible solutions is the cold instulbgion of
papes. In contrast o the commonly appled
lyimg techmology it lakes mbvantages of an
incrensed uttlization of the pipe-sysiem’s
mechanmical sirengih. Himvever, oold installation
techiigues regirire a more deiailed simess
pnalywis an m hases (or design

Mowmlays, bomded preansulaied pipes are used
almost exclusively when buricd district heating
pipcling systemi aio installed, These sysiems
g intcrmational state-of -the-art, As they use
righd stcel pipes @ mediam pipes only these
sesdeing are being dealt wilhi b this report, &
sercs of Furopean Standords already exists on
techmical specifications of the raw maternial [& o
1, wnather standand s currently being prepared
fior the design. lavout amd laying of ihis pipe
system [ ). Besedes this, Mexible preinsulnted
pipes aie comming up o ihe markel and will
become mewre mmporian in farire,

22 Layout of Bonded Predmsulated Piges
(BPP) and their Previous Develop-
T

There are dilferent ways of layout of BPP-
systems. I ihe course of time knowledge on ihe
meschimical behavior of this systemy wnd
colculation methods have beon improvesl, The
mechanical layoul which was done quite
roughly m the begimning has inproved
pradually, while decisive steps were catsed by
the gmnedl knowledge on relighle specificaions
af the raw malerial (aging. shear- and
comnpression resistanee of the FUR-fam,
elasticity of the expansion pads) and, amaong
others, by more precise measarements of the
edding forces aciing on ithe pipe system.

The derm >>cold installsion<< is used fora
specific way of pipeline design in the scope of
this report and, therefore, shall be defiped a1
this ponb. The delinitson has fo fake info
consideration the internationn] language, e, as
provided in [1], [2]. The delimtlon becoines

more Commplicited, because (he meaning of 1he
term == cold installation << s somewhat
mislcading when interpreted on the groumts of
cullguial speech. For the ease of understanding
the text’s nist importan e o |isted wxl
expluined o the end of the document.

Cosld inseallation is defined most vividly, il one

imagines which path of development the layout
of BPP his Follewed since its fird application:

Using the first BPP-systems one managed the
ehevuted material stresses due to thermal
expansion by Hmiting the length of the siraighi
i s b so-called ==naimum permissible
straighi laving lengitecc, {The supply bol walcr
lempermiare commonly known beforehand was
ihe Bsis Tor the voul k. This lengih was
derved from the material™s 0,2% yield sirwin.
Al those times, pipes were buried 81 amibient
lemperulare, S»enld<s, s o spenk.

This laying-lechnigpue required many cost-
intensive measures for the congpensition ol pipe
ENUInsion, ¢ avial compenaiem, expansion
pads, ete

The full snilceation of the mechanical strengih
by mcans of pre-siressing ullows for a
maximsiEn iemperaiure-mensise of 10K
wilhamil having to deal with plastie deformation
o the steel (e salety factor towards the yaeld
strin b, Consequently, based on the stres
related iemperature vield for steel a peak
ermperature of 160 + 10 = 170 °C could be
permitted. However, the iemperatare vickd of
the FUR foam dabout 130 *C) s limining the
wysienm s overall range of application, With
e pre-stressmgg the pre-Teming
termperature is chosen so that the pipe’s
fExinim stresses of expamsion nnd
compression become almost ulike.

The thermal pre-stressimg of BPP brings along
the disadvantages of addivonal costs plus exim
elfort 1o keep the pipe irenches open for o rather
bong time whech, in am, requires rench-
bracing, provisienal trench bridges ol



For these redasans one aimed o gel abong
without pre-stressing, off course, st keoping
thie freeddomi 1o install infinitely bong mns of

sraighd pipeline.

Therehy, the 0.2 F wichl stress for the asual
pipe-stee] thit hod been generally accepied os
abwolute stress limit, was excecded inovitahly
Narwrally, this stress ocowns socording (o large
temperature increases, for instance, af o heat-up
step of AT=80 K in addation 10 the ambicnt
temperature fie. 10°C), equal 100 prebeating
temnperature of W) °C. Gomng bevoni stress
wichls s pormassible mmd in accondamce willy the
rukes of mechanical layou bocause the pipes are
operated ol [nirly stealy hemperntuncs; ey arc
scbidomly shut down and are exposed o
moderate lemperatiane vapiaons, only,

OF coutse, the static mechanical layoul becomies
more involved since the pipe must be designed
seconding b the material’s crecp raptune
strengah amd, in oddition, the creep maplure
properies have oo be obeved

For the above Kind of Eryout the term >=cold
installstion<s was introduced. Natarally, the
described techmigoe of limited permissible
straaght pipe kength it obeys the 0.2 4% vield
arain s reiquines frevuent expansion berds
et be entitled g cold installation, oo
However, i is @ technology that has been
applicd For 35 years yeu and shall mot be
deseribed again in this repssr.

The Tollowing test fecuses ot the new
teehnobogy of >=cold installation<<, speaking
ol thasse types of layour where the (02% yicld
straif is pol limiting the desagn, anymaoee.

Finally, it i podmted o thst the term >=cold
installotion<< i defined independenly relating
to the compensation of the pipe”s thermal
eapansion, e, expansion pads gmong others.

23 Cald Instaliation

The eold installaissn dises il respuire pre-
heating of the pipes, Only at high lemperatieres
the pipe ks compressed irrevocably because in
morawal pperanon stresses remaln inside an
armplitude-masgin thai bs bower tian boil of the
elastie yield sipesses, compression and
expunsion. For oll the followimg tempemiure
vanaions ihe pipe is defommaed within vis elosiic
lirmigs. The ope-tinse plastie deformation of ithe

pipe’ s miaterial is perndssible due o ihe
preservalion of the material’'s mechanical
strengih.

The cold dnsreTavion @ a way aff favods efiafrce
heating pupelines operated af waler
ferpercehires Devond SPC and il withoud
pre-heamng. The desigan of cold inotaifed ppes
decoinnrs for the covmparoiivelv low nimber of
Jull Tovaed wvelex of district hearng svaress and,
therefore, hkes advantage of the Bz
;.fm'u!a“! vieldy streises gawmed by a farrgee
il vals folefineiien L

The increased wiilization ol the steel's strengih,
as a consequence, hends fo elevated stress.
Unlike pre-sinessed laying [ 15] this causes
mish higher displacements in the expansion
fit =N

The current consbiberations nvust be scen in
comnccton with the long term experiences rom
which s known that the pomanal design strengib
of steel tubes does ofien exceed s standand
yiekl values by far. The caloulation prameiers
for the strengih of the steel, e.q. Ry, are the
manulzcturer-guaramesd lower Himis, For
instance, the stamabard wiehd siress of 3137 tials
204 Nimm'"; practice-proven values are in the
range aff 270 Nimm’ [ 16]. Conscguently, ihe
actual yield sirain is nod reached even il the

sy Rl ks aperaled u lemperaiures i eadess af
. However, with cold installation and
rising lemperaieres stiesses eventually ncrepse
towards the vield strain. I the maximum
operathon temperature is kept below the actual
stress valug that will deform the matenial the
reslling peak stress correspones to the thermil
slTEsS,

Ko far, two cases are 1o be distingushed with
respect to cobd imstallatien

b T wield simaim is being exceeded by the
first hcal-wp 1o maximum lemperature,
Thereby, the pipe b plastically compressed
amid romains iensiomally. siressed when
conled down Lo aimbieni wmperaiure. This
process s referred (o as auio-pre-siressang,

1. The operation lemperatine of the network i
eislerale amd the actoal vield striin s pot
reached. This means thiot af masimsm
operation temperature o siress is obtsined
which is higher than the permissible stress
of e, 4 Nomm® for comventlonal design.
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Special Features of Cold Installation

[ io the higher permiticd matenal sress

the cold installatbon beads 10 higher demands for
the system. From this, peculiasities are derived.
which have to be consudered lor the layou,
consiruction and operation of disdrict heating

exceeded and perhiuges fo the extent of plastsc
deformuaiion. This oot bs illustraded in Figere
.2

A rigidly clamped pipe is warmed up starting o

These peculinnies are listed m Taldle 3-1,
whire in columm 4 reforence is made lvwards
the paragraph of this report in which the
particular problem is addressed

Al Stresses and Displacement

Fag. 12 Flanne sl planme nreeers

it wasil mmnhillaiies Padealizeadi

©
ON BN : .

o\ \ ®

- pl"

The ihermal pre-heating of BPP iv applied o
reduce the siress of the pipe matenial. The cald
imstallation docsn’t apply fre-heatig and
thercfore lebds 1o highet stress and
displugement during operation

Accoding 1o the delinition of cold installation
the permissible simess 0u =5 Ry b

s condstion @ It reaches the elastic vield siress
L Projegt Fhate L Coopipeing Fasagraph |
Disaegy Lol Hh iR dnd deplBoaina of M ppe ands ﬁ--ﬂmm
Siwall eremiren B tha comporgarte of sageingan: L |
+ [Py Ty exansion pat 4.1
+ mhchat biiga 43
- BT COMAe 43
- [REELIY e 44
= System 4 48
FHph comniveiien el B e e Exarninmicn o i siatslty B2
= DAL MGG
= DS lpeidng
= nansl creck, 0 g Al e ende inside shaf
Cabrubmion of wail fruckiwss of VWhedt Fetwviany under conssdarabon of T Deddeng iohos wilfi eoloroesd sal
- e Teanma
- et « Eranchies
- PelluCain
Ritrms and Dansiudy rol permasities
ComponeTia e T Pl
| Corsponams v sghepoesiress | reedoiows houseg
[ST e ] [T Pows-airanirarey Himmagh f.wm [NE]
2. machanical i 4Nz
| Qe compmerm’ i g e 4%
Cpainton Prinfisl Exrmiion Danger i ecking, ML NETEION MMparNIUTY BOCCIANGRY (]
Fawyls!? Cmuticen whisn cumng T ol &g
Finmtun Yor handing ity ranty e Sepanson Sends
bt B Amnipcamam of tha madum poas [ ]

pnind & und then deforms urevocahly up-uniil
stde O s reschesd (plastic delormation), During
recepling 1o the inkual wemperature the pipe
siress deereases io g=0 and then changes imo
ienkiie strass al state &,

Hemuk:

Frguge 3-2 alsd slivws B 1echnacal Temat o
applicution for the ¢old installation with
reference to the temperaiure. Becuuse il
masinunn increass of a ks given by the vales
e i wiaie 90 cobd installation ig limated o
iwace ihe temperature vanation between stake {0
and 2 Adding ihe ambignt wwmperaiure of 10
"C than yichkls

Tass =200+ 10= 1705
Thie acwal operating temperatores of distrc
heating grds are lower.
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For piping the relatinnship between siress amd
displaemen! I the restrained aml 1he
capansion fones s commonly drown versos the
pipee lengih Fig 373 slsows the stresses and
displaceiments of varous iemperatures for a
pipe section which deforms plastically like
desenbed by Fig. 3-2 {for reasons of symmeiry

ool y ke el o the pipee s shaoan,
s
1. warming up
-t . = Ti=Ta
": :l .-ﬂﬂl.l.m]hh. raxing
- o - T T
i
o
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Al first, the siress shall be of interest:

Oibject of siudy is a buried pipe. At insiallation-
temperature the pipe is free of stress. When
heated-up do Ty the pipe reaches the vield stress
b stue 2 and remalis o consian compressive
siress - B (staie 3 h When the pipe is coolbed
divwmn bo ihe initial iemperniure (he stresses
vanish and, &t lempersiure T;, reach the lensile
siress + of. Now, the pupe is pud (o lensile pre-
stress, Below the stress—iapran the
corresponding end-displacements u for the
stiges O and 4 wre proviled

I e takes a closer look st specilic distria
heating design one wall realize, that ofien the
pripe malerial’s vield sirengih s nob reached.
Auin-pre-siressing does wol ke place becase
calculations have heen based on propenty values
foor R, thant were lower than the actual ones {sec
Paragraph 2.1},

For pipelines that do pod reach thelr vield straim,
the relanon beracen sress pnd sram s

poverngd by Hooke's Inw which is a linear
relationship as shivwn in Fig. 3-2. When the
pipse is hented-up (o its nominol desygn
temperalure Ty for the (irst ume the
COMPressive saress Oy is obtained. The relmicd
lisplacernent of e pipe end 4 s,

If one cools down the pipe fo s initial
lemperature T, again, the restrained section
goes back o reno-tensile stress o=, In the
expansion gone friction forces are still acting
thus restricting the relasation of the pipe™s end
fo w2 All femperaure variations following the
imiidal fall heai-up cause movemenis of ithe pipe
el in the Tange bedween uy amd w2, that is o
range af £ utd

Comsidering the direction of siresses only
pornpressive siicases appear while lieating up
fronm 0 po @ (acconding 1o Fig. 3-2), of which
ihe heghest nre in the Tully rextrained 2one, In
contr ensile siresses only appear in the
expanzaon ponc and they arc of smaller
magiitisde.

Sununing up froem the viewpoint of statics the
following can be stated on cold mseallaion:

1. The sitesses in the pape and the related
compeneiis are very high and may approach
ihe elastic viekd siress when high operation
IEMpeniiures are pmpssed,

1. The displacements of the pipe’s end are
roughly three o four mes higher tan with
thermal pre-stressing,

Besighes, oIl regulations for the mechanical
design of cold insalled pipes ane provided by
[1, 2, 3] among cthers.

31 Consequences for System Lavout

The high niveas of sifesses as 8 consequence ofF
cold pipe installanion causes enlarged expansion
zones and increased displacemens af the pipe
end. Hranches in the expansion sone kave o be
desipned 10 meel the increasad sirakm.



LLI Menueres to Controd the High
TMiplaeemenis

According 1o the depih of laving e the
dinmeter the displacement of the pipe’s end can
exceed 100 inm comsiderably. Tn paragraph 5 an
example is given of o DN 250 pipe with 45 cm
dismance between pipe and surfice, In this
cxample o displacement of (2 x 50 =) 160 mm
would result (Fig. 5-5), Movements of this great
extent can nol be handled by conventional
expansion pads anyviore, As commonly known
expanshon pads pre ol installed bevond o
critical thickness in prder not 1o overheat the
mulls gk ihe ouler casting. Depending on the
thickness of the puds the rench may olso need
1o be wider than asaal

Espansion pads are imsaalled i thickness fess
thiun 12 cmi [ 1], for iemperature reasons mvosly
even with @ maximam of § cm. Sance the pads’
ability 1o be comperesaad 1 used only by 60%
max. displacements of S0 1o 80 mm ae the
sciul displocement vield (compare remark in
paragragh 4, 1§ 17 larger displacements kave o
be managed special imcasures miwsl be laken.
The following soluions are knowsn:

Pre-stressing of the expansion pad: Since only
the matial heat-up of the pipe 10118 dexign
teanperature causes the high displacemenis, soc
Fig. 34 Expansin pads shoubid be installed in
& way, that their stress-less position be in the
mililifle of the opertionnl movements. Then
they will odTer the best elasticily. Accordingly,
they ean be installed with minimum thickness
or, described differentdy, a pre-stnsssed
expansjon pod gan mke the lirpest ney
mavemenls,

The desined neutral posstion of the
compensation, 1.e, the middle position of the
peiping in the pod ot a certnin operalion
temperaiare, is obiained by pre-stressang of tie
paats. For the pre-stressing two methods are
approved:

1. Thermal pre-siressang

A start-up the expansion pads insade the nod-
backfilled man-holes are suomatically pre-
stressed. After backfilling the expamdon pads
are in pewtral position gnd, therefore, can
compenaate movernents due 10 wartning or
L‘Il'llll.'ll i the best way 'phm.inhll‘:

2. Mechanical pre-siressing

« Anchor bridge: The supply pipe, which
ERcoUniers a stronger expamsion than the retem
pipe, s rgidly fised 1o the refum. The anchos
bridges reduces the displacement of ihe supply
pipe by enltarging the displacement of the retum

Pipe

= B-muff: The E-compensatoer is deformed once
during start-ap and then welded.

= Pressure-resistant bemd: This bend docs not L
take the thermal expansion itself, but allows
displacemem of the soil by means of its high
compressive strengih. The pressure-prool bend
is not always necessary. I the resction forces of
the soil remain modersle 2 is the case
unpived preas, even the stundard bend can
mrve thie soil without buckling,

= Svnlem 4 (Ligsioe)

All the above methisds of compenaation are
deseribed in greater detwl in the courne of
chapier 4.2.

122 Comsideration of High Stress

The largest stresses appear in the restrained
rone of the baried pape anad decline towarnds the
bend wihich & ut the end of the expansion rone.
All compopents of the pipe systen musi
withstamd the acting forces.

« I pecessary, tees have 1o be built with
renforced walls

- bends should be designed obeying the hedding
forces as long as they are 9o hinsed inside

cavilies

= il meeiled, reducers are 10 be il wiith
remnforeod walls

= when dolling {hot tapping ) pipes while they
arg in service the rafio of diamebers masi ba
taken inio comsideration. 11 may become
pecessary b reinforce the pipe



= im the zone of complately restrained pipe on
exchonge of the pipe sections is casy since
pape material can be bl in &l ambient
temperature ke in new construction projects
ina preheating ), In the expansion zone the
pipe must be locked wiih a fixture prior o

cutting sismilar o thermally pre-stressed pipes.

The high siresses have further consequences,
which can be derived from the static sirengih
anilyis;

- wilh cold insallation angular deviations of the
pipe rowte are limited 1o a mindmem, This is
ecaise extreme srais are capecicd on the
pipe”s inside which cun caeso carly
Icakabowiis,

The ainiuni of the irrevocable sirain depends
af the actual lemperatare dilference, Therelone,
the permission of small angular deviations has
i be decided based on ihe prevailing
femperaiure varialions.

- for & temaperatere vanation AT of 1200C no
amrlar deviations are permitted {innccunics
of assembly of up 1o 0,25° are inlerated )

= according io the emperatune vamation AT the
following yield values for angular deviation
have beon approved] | ]

AT = 110 *C permissible angle of matre 0.5°
AT = 1K *C permissible angle of mitre 1°
AT =90 °C permissshle angle of mitre 2°

Larger angles can be permitted, if better steel
qualities are used as pipe material.

A mechanmically favorable alternative o mitnes
{angle of angular deviation) is the pipeline-
laxing method. The pipe mun is welded from
siralght pipe segments and the required changes
of dirgction are done by clastic bending of the
pipe.

- Another altermative is the use of curved pipes,
which for large dinaneters can be custom madde
ai the manulfacirer of Tor snualler diameiers
bemd al the comsirection sile.

- Salety from ickling: With enlarged
diwmeters the danger of delormation
(buckling) is increased. Because of the high
stresses cold installution ks approved only up

1o DN 400, Here, the yielbd con be extended of
higher quality steel is used,

The wability of the pipe is guaramecd, if the
rernainRkng strain exlends over the Tull pipe-
lemgih and dics not concentrute locally. By a
series of tesis one was able to prove, thal the
friction between pipe and soil causes an even
plastie deformation of the pipe excep i a few
number of cases, e.g. at locations of ungular
devistion, where more detniléd caleulations
becone necessary [ 15]



4  Constructions for the Compensation of Expansion
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Most thmes in @0l installation ithe well-known
plistic [oum pads we applied io absorb the
barge expansions. Besides, special designs exis
for expansion-compensation, which lave heen
tesied just recently. Solely the sis-cnlled E-nil
s in service for guide long alresdy, alihoagh i
his el been applied in network Construction
only in certain arcas,

41 Prestressing of the Expansion Pads
O - aipe O - tiph
PLIH - it
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The common 1wpes of exponsion pads are
shgwn b the Fijgd- 1, I B impormid that the
expansion padi don't lpose their elnsucity doe
o the penctration of sand. This danger rises
when insualling in the range of groundwiter.,
Alsos, expansion pads may not insulate the
idistrict enting pipe e mach, that the
permissible jacket emperature of 80 °C s
excecded, Diherwise the mulf joinis would be
in donger. A partial padding of the pipe shall
aflow Tow an improved heal-nemoval. Expansaon
pads are used up 0 8 muximam thickness of 12
cm, in most cases smaller thicknesses are
permitiedl, only.

Remark: The numbers given ane meant 1o give 3
proximate impresston, they ane no refercnce
walues. Since the heat-op of the jackel pipe thal
i wernpipend by Topm-peids depemls on the
operation emperatune thicker pads can be used
ol lower temperstures. Paks shoulidn™ be

overcompressed manly for reasons of
lsngewity.

Even elevated water-content of the soil reduces
the jacket temperature and thus allows for
thacker puds, Specific data necd o be
considerad foe the actul layvou,

AL Lafer Beekfiling of the Expeaniion
Hevares [Thermen] Pre-streviding )

I oegder niol o have o Livoul the expamsion
pads scoording to the hirge displacement caoused
Hy il Tirsd ripee-heat-up. the pipe con be
backfilled completely leaving ihe expansion
ey e,

Aferwands, ihe pipe 15 heated to a lempernture
which results in & pipe-ahill 19 the po-siiess
positinn according (o the |ater ingosed
lemperature cyeles, At this lempemtare the
expankion pad excavations are backfilled.

This method of thenmal pre-heating is sehleved
missl convemently when combined wilh first
stuni-up af the pipe. In principal. this procedure
eqpuals the one used ai thermal pre-stressing. I
in also possible todo e wanming with
aliermntive lechaibgues socl s electrical, low.
pressie stednm, boiler

With this pvpe of construction the thickness of
the expansion paid con be reduced comddernbly
or, puiting it differemly, this way the lorge
expansions of cold instlled pipe can sull be
hondled by expunsion pads. In the presiessed
eapansion pad displaceinents are of no grealer
exient than with thermally pre-siressed laving

Al vamiag:s: Mo slhitional congpenents

DHsndvammgs: A hole o the expansion zong is
not backfilled uwniol late; this maght restrict civil
Egndering work.

402 Mechirical Pre-sivessing

Adming 1o wilize the expansion pads 1o their
full extent the no-stress podition of the lalcr
temperature cycles is pul in the center-position
if the expiunskoh pads. This is done by the
following way of insullagion

The lergely completed cold pipeline is
buried completely, while just one man-hole
in the distsnee of about e pipe section is
Lt open
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Here, the pipe renenns oneoanceted and the
opposing pipe ends keep a gap which resembles
the: pre-atressang lengeh of the capansion pads.
Peivay, 4 device i fived 10 s pipe enids by
micans of which the pipe ends ane pulled
together, as ilustrated by Fig 4.2

The bend thin will take the expansion is pulled
into the pad and ihen the pipes are welded
togeiber, Now, the trench can be filled-up
completely, Alter heat-up the pipe will just
vive aroqnd the center position of the

expianidon pad
Advantage: The entire pipe can be finished

Disadvaniage: Higher complesity of constrac-
licwn

..
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a2 Anchor Bridge

Sanee the anchor bridge W o componeal which
wais weveloped and introduced enly o few vears
agio, it will be presented here more
comprehersively, Anchor brdges are po
custiim-made paris amymore but cum ke direcily
andered [rom ihe pipe monufaciurer

The anchor broadge is inseried 1o manage the
hibgh displacements of BPP - piping. 11 uses the
stnialler dhisplocenwent of the retwrn pape in onder
tos Feddisce the larpe displacement of the supply
pipe. Both pipes are ngidly Nixed o one-another
i Tieminang the expansson of the sapply pipe
pnd increasing expansion of the relurm pipe,

The anchar bridge may be wsed Tor all pominal
sizes of BPP while i has to be designed
accordingly, The bodge has 1o be used where

mawensenis ure large - of the emld of the
expaniion rone. [1is important that the
advantages of the anchor bridge do not only
apply Tor ithe main pipe. At the aame time
elfTorts lor compensation ot the hranches can e
reducesd, oo, Fig, 4-3 shows the drawmg of an
anchor bridge. The medium pipes are reinforeed
in the area of the bridge. The connecting big
between supply- and relurp-pipes s pidded by

an expansion cushion,

The rijgid connection belween supply- and
retirm-pipes in combinaibon sath free bedding
wouild lead 1o bending of the twin-pipe (bi-
mictal-effect ). Howsver, bending 15 prevented
through the pressure of the covering sl

Insealtatbon and functiom of the anchor bridge
are presenied by Fig. 4=8, Presented ang the
pigse routes with the customer connecios for
benth cases, with and without anchor bridge,
The strain of the supply pipe which is deawn 1o
seale i reduced segnilicantly by the bridge
Wil vemical Layimg the reduction is even more
sagnificant than with horizomal Liyving. The
situntion shown in Fig, 4-4 accounis for vertical
Liying type.

From a thermodyaumice pabnd of view the
corfiection hetween supply. and refuen-pips
repiresents i unclesirble heat bridge. More
expct cnleulations show, that the e xchanged
nmsount of heat s pegligible. Abou 4000
nTor brigdges would leot-up the retam fow
by arowimd | K.

The specific conseyuences ol ihe
inseallageom of wn anclhaor Bridge con be
wissilizesd by the example of Munchwalder
Strulhe”, which is presented in Fig.4-5,
There, the exact shifts of supply and retum
pipe are displayed the way they would be
with anad without anchesr bridge. Also, the
stress i the seel medium pipe are poinied
L.

The overnll message is, teal the onclior bridpe is
a componen which can reduce displacemenis
guite significamly when used with cold
isallation

Advantage. The pipe can be completed and
hackilled; mob even mechanical pre-
BINCSSINE 15 NECES3AY AnyInoTe
Disadviniage: Cuslom pam: no slock itom

11
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43 One-Time Compensator

The one-time compensalor is 3 compane
which s wekded 10 the pipe at the construction
site, It permbts an axial compresston snd is fixed
adier a cenabn displacement by welding together
iis piigspde puiding-tubes, Fig, 4-6 sketches a
frequently used one-time compemsator, the so-
called E-mulf of the ABB company,

The function of the one-time compensator

is best desenibed by looking ai the siress-
condition a4t ceriain Iemperitures, referring

o e coses | io 4, Fag. 4.7, The

munuisciurer deseribes e Tuncoon of the
E-muff g folbows:

The E-mull ks achjusted in a way, that i1 will iake

PR S—
the displacensent of 4 cenaln pipe lengh B ai
average operadson lemperature. AL star- g Hime
the pipe expersences & change of length (8, The
E-mufT is compressed so far thot the pipe faces
i h inside the bellivw &, Al this posation the
outer guiding tobes of the E-mufl are welded
leegedher s that the entine pipe is lived and there

5 (Wt
i
0.0 @ @
ot W s
o I . :--':.-F.I
- 150 = [
Y [ ' e

are mir further movements of the sicel pipe.
Termperanere varaons in the sicel pipe ane
turned it permissible compressive. andfor
fenshle siresses 3. Afeer some thermal cveles
the peak stresses have equalieed @, Afler star-
wp the system acts ke a thermally pre-stressed
svslem. The E-mull then has the length L

To be dable to enlarge the distance befween
sl jeent E-mulfs {costs') the pipe is coverad
with foil hefore burying. The Toll couses mire

eiqudl and losver friction along the pipe. The
expansion bend does not decd fol-covering.

Princapally, the ome-time comgensaior las
the same effect as pre-stressing. 11 shifis
the rero stme of siress and movemest For
later tempernture cyeles towands the
average opersion-lempernure.

The one-tme compensmor 15 in service for a
bang time and being wed successiully by some
Cunmpanics.

Advantage: The one-lime compensaton reduces
the displacements of the pipe; it allows for
immedue trench-backfilling excepl man-hiokes
for the tie-titne compensalon,

Disadvantage: The pipe has 10 be hested-up
almost 1w the design tempersture in order 10
exceed the friction drag. This is the only way 1o
wbtain the wanted strain.,

4.4 Fressure-Hesistant Bend

The prosswre resistand bend 1s a novel
strengihened component for the BPP - system
From the outside it looks like a iraditional bend
bt condabis 8 more losd-cormyving PUR-foum,
The Toam is reinforced with Foamglass-
gramulales and hus about [D-thmes higher
compressive strength than noa-mioseed foam
The pressme-resiant bend withstands higher
s0il-pressure o5 occors in the soil even below
paved surfsces (in the unpoved werrain 4
standord bend 15 sufficient due o lower soil-
FEACTIOR- e sEine .

The pressure-resistand bend can ke lorge

forces nod reduaring expansion pads. I is
pressed into the surrounding soil.
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Technical Specifications

Deisiry > 200 kpim"
Pressisie Hesislance aboui 248 Mefnan
Pedformation fia

Thermal Conduciivity ILUISE WimE,

Max. Operating Temperature 140" C
Oine-=Time Feak-Temperature 130° C

Li:tll:n ” l'\ll

The pressunes prool PUR-Toam ransiers
the bedding forces 10 the steed tube, si thal
iide the sieel very high stress occurs and
the wall thickness of the bend has o
mhcrease. The siile of sircss lias been
measured and venfied in best constraction
sites (D-Calogie).

The pressureoresdstan) bend albmws Dar arbicrry
pape routing. By its use, pipe bend angles of 15
up 1o T5° become pissable which could not be
handled by conventional bends due o bugh
displacenseils.

The pressuse-resiaant bend has yet heen tested
by somne Cerman disirict heating unilinies, whils
imnly & small manber has been waed fos DH-
grids so fur, Also, o transponation pipe-line m
Copenhagen wis equipped with o few pressare-
resistant bends of size DN 50,

The pressure-resistant bemd 15 a pew element for
coanpensation with special sdvantages for cold
installotion, B saves displacemnent pads which
ore regimed on weak spots of the BFP-sysiem
over stnce. I mbliton, leak control systoms can
e integrated.

Fromn Swedish expecintions the bevefits of
ihe pressure-rosistandt benid will be less than
originally anticipated. Since il has been
proven that even stapdard PUR-feams

fealure iwice the préssuse-resisiance than
stisted by EN 253 already mest of the
beneliis of the pressure-resndan bend can
be achicved by the use of erdimary
elements.

Advantage: The pressure-resistant bend
substifutes expansion pads and iransluces ihe
thermal expansion directly into the soil.

Dreadvaniage: Custom-mnde puart, aol availahle
fromm stoek, Mo on-aile-assembly Benids
availahle.

4.5 System 4 (Lagstir)

The mstaliorion system 4 of the Ligstir
company, DK, divides the traditionad expansion
sonse i several sections of compensation. In
gach section o stress-reducer is inserted, which
is integrated inao the medsum pipe and can ke
ud.ispl.lrmuul of 20 mm, Each compensation-
seciien s made oul of o pepe-secivon which
does ¢omitnin g stress redecer and a stieidand
pipe-sech b

The siess-reducer 15 lacued in the center of the
section. During the lovout-step the appropeiale
s berween siress feducers ane calculared
depenmding on the pipe dimensions, so)l-
coverage snd operting lemperature.

With systein 4 the first heanng-up of the system
comyrresses the stress-reducor by 20 mm. When
the Frnt siop is reached, the pipes stari fo
deform elastically, Al normal operalion
temperature they ang under compressive siness.
While cooling down elastic expansion redpoes
anal fieally a gap builds up in the stress reduocer,

agakn.

Al installation tesperalure the systom is
completely stress-free. From a mechamcal
point of view the Lipsiie 4 svateim i eold
iresdalleal, herweser, it acts ke o pre-stressed
R AL

The swsiein 4 with the siress-reducing iubes i
baried withiout lenher conmponenis, e, withoul
expaimon pads, fved points or othiers, The
irench miay be backiilled immediiely; pipe
ends ai localions where ithe pipe roule 1
changing direction need 1o be buried prior to
hent-up 1o enable the system o generate the
recuired asial stresses,

i5
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The sysicm 4 allows for independent pipe
routing. In addition, laving echnidogy
docs pol impose restriclions on e
secpiemce of constractbon. Especilly pre-
stressing amd expansion poids are mol
necded any e

The system 4 is a rather recent development,
which can offer advantages when used in
combination sath cold installatben and Freguent
chatacles, In these siuslions cold inaallaion
with standard pipes is not wseful, because the
elfom for compensation would be to high
Future will decide if the system 4 proves 1o be
techmically ok and economically competitive
agaknat oiher solubions of ¢xpansisn
cOmpensalinn.

Advantage: The pipeline can be finished
and buried compleicly; kiter excavation
docsn’y cause any stress-prodiloms

Disasdvantoge: The installed compensators call
For additional expense; it s assumed that the
commpensaion are less reliable ihan standand

plpes.
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Cirld prisaallitaon causes an exiensive abilizaion
of the mechanical reserves af the pipe-aysiems.
Cold installatson therefone mduces the safety
margin between the biyout-case amd the
breakdown of the pipe, which is included
mathematically by the safety facior, Since lood-
reserves penerally increase the service-life of
the systemy caution myst provil when e
system’s strengih is wiilized extensively, In
Ciermany a comprchensive investigation-
progrm was camied out [4.5], which proved by
detailed calculations and experimends, that even
eold iesiallation of BPP sl offers sufficient
satfely when ihe cormect layout principles ae
applicd. However, some particularities need bo
be conadered of which some have been
iesntinned ghiove ani somme will be shown i e
follmwing

The wvestigations s on contrl of ihe

» ibsplacemients
= SAreiacs § sArains
= safety agarnsd reviolting

1 Siresses o Displacements

hwver atesting-timne of 3 years comprehensive
mcaviremenis were performed ata TN 250
pipe, For this case a vertically Lad pape was
uscd while the arrangement of pipes was aol
empeortant for the mepsarements. The supply
pipe s pul on lop and 1o ihis pipe abenibon
s i

The test-roude had a length of 376 m, It was
cipiipped with 3 buried concrele covities for
meiatiremenl, in which were measiihed:

1. the axial displacement

2. stressen

1 ihe sempetilures

4, rwifial shilt a5 cstimate on be donger of
revarlving wnel settling of the pipe

The technical daga of the test-route are provided
in Table 5-1

Farst ool all, compretensive cakculations of the
stressss were perfomed, which resembled the
comequences of eyelic lemperiure variations,
see Fig, 5-2. Here, the calculations are not
repeated, bt it is refemed mainly to the lawer
dhiwgram in Fig. 5-3, There, the end
displacement of the expansion bend s marked

Check Measurements at Cold Installed Pipes

which eaperiences the mavimum displacements
afier preset iernperalure viirmanoms, The diagram
shows (he exirerne il displecement and the
consequences of the following temperaurne
wark o

Tabdy 3 Fevbmioal e o ol deig e 0 Ausn el
Manclwiiier Souie )

Oparatng condition:

A il L et
i 140 70 {500 few pae-ymarh
min. T8 5C

= il lomgeratues: sppmal. 53 0

- BpEtiing presute 17 bar

» Lt prowaune 16 thae

» Ml HEang wakar

+ M of Siress cycles: 1000
oy wih BN 250 staedard

+ resang! digrnetes: DN 250

+ DT for COfTTEion. engiarnee fail

The reésulis of the sress-caleulations were
cross-checked by experiment. Dunng start-up of
thae papse im Movember 1990 ihe pipe was
hensed-up by AT=120°C and the resulting
siresees and end displacements were compared
with the calculated vidues. First of all it could
b ascertined. thit the actual vilues were in
agreement wilth the values calculated by meams
of the puidelings for design of AGEFW,

The calculimion methods for frictien forces
prnvwidded By these puidelines obyviously meet the
pctunl conditions, The values may be taken
from Fig. 5-3.

N
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The most interesing resulis of this tes were
gencraied by repeated measurcments, L.e.
displacement measurcments of e pipe’s end as
a functon of lime. Simee these resulis were new
nel im coniradiction Lo COMMsEN ASSUmMpEinT,
ihiey shall e presented bere in 3 diagrams mian
ciamprehensively

Tashpsrafum Cycles

.
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o 150
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In Fig. 54 the resubts of the measurement are
marked, which were penerated during the first
vear of measurements. The Figure shiws the
displacement s o function of lemperature. All
reialis by inside the dork area. Ax low and @
igh temperature the scutter of reconded values
is mnderme. A medium iemperaiunes
intermediale data were recorded freguently;
ihey were caused by phenomenn of bysiercas.

The measured peak-displacement was
substantinlly smaller than had been cxpeciod
from calculation.

Even more surprising were the test resulis from
the L vear of measurement. They ane presentod
in Fig. 5-5 where the aren of results of the 1.
viear wits fneluded For reasons of comparisan
The figwre proves that the pipe has worked
bisell inio a center-position, from which i
ebecuies oply small expansiona] displacements.
The pasition reached in the 2. vear of
mcasurerient docsn't change in the subsequent
bime-period which colld be sasured by

e asdirensents over & 3, vear.

Ii becomes visible in which periods ihe pipe
approaches its limit positions, iFone clissifics
ihe measurement-resulis of the first vear by
maonihs, see Fig. 5-6. The pipe rearmnges
during the first 3 monihs after start-up
(Movember, December, JTanuary ) amd then
exccubes only minor movements, Indecd, il is
necessary (o bear in mind, that during thew
montls the daily peak emperalure siresses

appear.

Friam these lindings inieresting copweguences
fiar the fugure technology of casiomer service
conpections could evedve. OF course, new
cusloamer service connections which are buaili
comcurrently b the main pipe, hiave 1o be
designed with respect 1o the Targe displacements
known lrom cold nseallation. But i@ sould be
passible o subsiantkally reduce the effon of
compensation al laer custoner conpeciinns
which would be performed by the bo-tapping
techinigue without shut down of the main pipe.

This resuli can mot vet be assured withoug
doubl O course, there s isdicaion of &
decreasing amplitude of the pipe”s displacensent
from Swedish caloulsiions, oo [19], however
thete is aleo o codirmdbciony 1est result [4]. This
i thie reason that the decrease of the
displacement was nal el included in today’s
guidetings lor desagn | 1.3), Final clarification s
wtill necessary for this question,
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521 Safety apainst Revolting and Shifting

Al a pipe exposed 10 axial compressive dress
theea 15 @ danger of buckling. A buried pipe
woubd buckle wowands the divection of the least
resistance, ie. revoll upwands, From this
siability amalysis the milnimam coverage is
derived [2,3)

For conventional BE'P - construction a
munimam coverage of 035 moaqs sulficient,
sinee al cold mstallation higher compressive
siresses coour mn enlarged coverage is
necessary. Tabbe 57 lists the required
covernges which need to be implemented m
cold installation, if the mdicated masalignment
is antlcipated and a safety factor of 5= s
requared {4]
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The computed values were compated with
measurement-resulis as far o it was
meaningiul for the situntion of pipe laving
For the test-pipe DN 250, which had been
excculed with a coverage of only 0,45 m,
s vertical ahifl had been recorded wiuch
could have indicated @ possible danger of
revilling.

Alsey, the pipe’s stalslity of posion wis
exarmined after completion of constpction and
laser during operation. The pipe’s position was
mrtusured exactly al three messurement cavities
andd the displacements were recondesd for g
duration of approx. 2 years. Adier the pipe had
heen lled with water i senlbed down by 2 mum,
In the following pertod no further shill was
ohserved, plihough the pipe was operated a
different temperpures, Therelore, it can be
anterpatesd thar dasirict heanng ppes are
bedded safely i ihe street arca and do not
pose any danger on existing parallel pipes.
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Operation of Cold Installed Pipes

For cold msialled pipes in operation 11°s o be
obeyed, that they are alwiys compiession-
streseed. {(Im continst, pre-heated pipes are
nearly stress-free i summer-time ). The state of
sinesk s influoenced by the operation
Igmperaire, ihe lower the operathon
lempermung, the |ower are the strewses i the
cold insialled pipe. For the time of working the
pipe stresses ang reduced by lowering the
lempermure as far as possible,

Adtemion must be poid o the elevaled
compressive stresses st codd installed papes.
Ad purallel pipe excavabions one should take
inti considersiion, that ihe pipe stinds under
compaessive stress which is been balanced by
reaction Forees from the adjacent soil and
therefore a danger of buckling is presend.
Furthemiore, coution miesd be iaken when (he
stee] medivm pipe i cut o had aps are made
when the pipe is still b, sce paragraph 6.2

6.1 Parallel Excavations

Pasallel excavations have 1o be distinguished
whether they are done above or on the side of
the bursed pipetine.

Al excuvations dene abose jhe pipeline the
pioh | load decrenses and w0 does the friction
force. As a copsequence, incredsed

displacements may accur. The reduced ol
pressure sl ralses the danger of revolling.

Al parille] excavations on the side of pipes
sufficient distunees should be pssured, af
possible m least 1o, When necessary, special
sorbutions peed 1o be found, Excaviations on the
shile ool the pipe are issessed wecording 1o the
methasd of excavation, the side distance and de
depib 17 the paralle] excavateon is braoced
comectly there s po danger of instabiity simee
the braice-suppart takes over the pressiire
fumction of the sobl. In ths case contimmous
irench-brocing is reguired. Excavation should
start al the begmning of the expansion zone.

Il the parsdlie] side-excavation next to the cold
installed pipe is not braced a minimum distance
of | m s sufficient when the rench is
dheeper than the district heating trench il

The now excavabion sile swsisld be s G mpan
froem the districy heating pipe thal loter seiiling
ihises niosd Influcnee ibie some of the distrec

heatipg pipe, d.e. oulside the 8" seriling-cone,

A deep exsavations parallel 1o ibe disirict
heating pipe special investigations may becoine

NECERsATy.

Mumerically, these relations are outlined in Fiye
fi=1 [4]. The upper dingram shows the length
over which the cold-installed pipe can be fully
excavied when originally desigoed o AT=120
K. The values are based on o safety factor of
Sal. For companson the permisasible valiues for
AT=120 K are added in the same ligure.

Sinee the permussible length of parallel
excavations is siromgly dependent on
temperature the lower diagram of Fig, 6-1
displays the permissible lengih lor a specilic
pipe dinmeter ([N 150} with temperature as o
parneneter. The additional x-axis accounts for
preheated pipes.

62  Repairs

Repakrs ol the medium pipe may hecome
pecessary in the rone of complewly resimined
pipe as well as in the expanshon sone. Durng
excavation ihe cooling raie for the pipe hos 1o
b knevwm a5 if may change 1he pipe’s
femperture during the time of construction and.
as a comsequence, displace the pipe ends. If the
pipe is cul close o the compensation clement -
inside the expanshon mone - the pipe enids s
be fixed with a special clamging device so that
ihiey cun be welded together Ler on

I the exchonge of 4 pipe section is needed
ingide the restrumed sone o o cold instalied
pipe b can be dome more easily than with o
thermally pre-stessed pipe. In praciice the new
pracee of pipe is instalbed when i is snll w
ambicni femperature and the pipe is then pal B
operation again. Proor io pipe cutting the
mechanical kiyout of the service connections
B po b comsidered.
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6.3 Hot Tapping (Drilling) of the Fipe
During Operation

When drilling into o pipe in operstion i onder
b get pew service eonnechions, the stress
coddithons need 1o be considered. Branches may
be welded to bigger muin pipes without
reinforcement of the iapped pipe (Value drwn
from past experience For cold baid pipes: The
branch must be spaller an least 2 sicps in
pomiinal dismeber)

At mesrly expual pipe-diamicters the main pipe
has 1o be reinfoeced so thal pipe foeces do nol
e fowrm the soction inacdinissibly,

Sorme ihities adrait s drill only an mediim
sized papes, For nstenee fom DN 8O w0 DN
F0u0, I Finloenad, muih Do biticie o ehis Kimdd eaists.
[n Sweden, drlling is handled restrictively.




7  Construction-Times, Construction-Costs
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Carlel installation reduces conatruction costs. A
defmiled cakculation of the savings s difficult 1o
do sipce construction costs ane always & resul
of a specilic construciion sile amd cach site has
' unisgue cost relations, [E gets even mone
complicated when costs are compared between
different companies and especially invelved for
ivermational comparisons, There are certain
similarties berweon counines, e.2. Sweden
[12], Germany el al,, according to which the
ratio of excavationbackfilling to pipe
installstion as civil engineering costs for BPP-
syslems are in the order of &0 4o 30; for further
detail please refer to Appendhx 2 and 3. On the
ather hand this ratio is alasost inverted i
le.h.rrd |l:|l-“:| veT H]. where detmls aie
provided in [13], Probably the lower civil
engineering costs im Fenlund are caused by o
high share of construction unider umpaved
surfoces

Tisen @i comiin

o w—— ] .
{arl wi ey

;e nasmion wrd anasun |

In Germany { Manwheym) very demniled
investigations of aciual consrection times

were performcd by means of which one 15 able
torrank the different construction lechnigues
from o more universal poant of view, The
waorks both for workers as well as for machines
were divided inio elements and simulaged

with computer (see scheme in Fig. 7-1, mane
background imformation in [3]) The caloulation
model was tuned by comparison with actual
construction projects, Cost comparisons are
stunied with the creaison of o specific
constrsction case. The calculation solves for the
miost cost-elMicient construstion-technigue.

In a number of timulsion uns ihe expersence
was werilied that reduced comsimiction [rmes
lead 1o lower construction costs. Obviously,
shomer consimection time means a betier
uiilization of resowrces

Also the cold isallaion was analyred fos
single-costs and the results compared 10 those
of the commaon thermal pre-healing laying

techmology, The results e presented th ithe
following.

The cost mnalysiy were performed using a miodel
construction site, which was rated typical by
several district heating utilitles, see Fig. 7-2.
Momanal diameters of DM 65 ap o DN 100 were
prevailing whercas the lengih

of pipe route totaked 500 m,

The cross sectins of the trench for the analyeed
laving wehnologies

#  Waram 1: thermally pre-siressed
o Wanan 2: cold-installed

are presenied in Fig. 7-3, The figure shows the
braced trench on the lefi; variani 3, on the rdght
sade of the figure, could be done by proceeding
day-by-doy, so-called single-day-construction,
where po trench side support was required. Day-
by-day proceeding means, that the roule was
divaded o shon length segments for each of
whisch excavation, pipe loyving and backfilling
could be done durmg o single day, Day-by-day
proceeding becomes feasihle, if the construction
sate 15 well prepared (asphali layer is ¢, pipes are
welded and checked for lcak-tighiness) and alo
fineshing work-steps are permitied (reinstallabon
o the streed’s wear layer). Here, the single-day-
constnichion lengths were about 40 m; also, o
single-day progress of 100 m for DN A0 has
plready been ascomphshed, sce [5],

The single-day-comaruction techmgue responds 1o
the time-limited stability of the wench walls by
reducing (ime and thereby saving ihe braces o
suppaort the trench. The woil remains sishle for
plmost always a minimem dursiion of one day in

which the pipe is buticd and the trench hackfilles),
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The caleu|stion of costs of the vanant |
maticipated 4 sulslivision into X constnactson
packapes, while the varian 2 was divided into
13 single-lay-construdtion-sies, s Fig, 74

Fig. 70 Plam of vorianr ! Marignbumesimioe
wldiv s aif sl vardipe LR o] L& B3

mon braced trench
cold instullation
- mingle-day constmctsm sile

TR B B R

The complete comstruction-schedule for both
varuanls is foaed in the Appendsy

Yarianl 1, the installation with pre-heating,
regjures an overall comstruction- me of 35 duys,
whereas varng 2, cobd installation i day by <day
construction needs an overall complethon-time of
3o waork-days

BLwd  BLVE BLWE  BLTT B e BLE

Haith varimis were estimaded with the above
deseribed sywtom of cost calenlation, The mesull s
i luded i the survey wihich ts found

in the appendix | of this reporn.

As an overall pesubt it can be concluded: Cold
inetallation of pipes can be done more guackly
amd more cost-cfficiem tan e installation

by thermal pre-stressing. The constraction-
time recuces o aboat 679 and the construction
corsts todal abot B 1% of those needed for pre-
heuting



{Calculasion basad on ZLKS)

Construction-Timetable

Marlenburger Strafe Length ol pipe roule 510m , nominal pipe diameter BN 10080065
Phase | : Construction and Laying Technology of year 1988

{Harzoental = wilh - fhradi-siep constiuciion - sand -

Marking the streat , cutting asphalt. cruching and loading
of aspalt surface

Excavating trench and man-holes, loading excavated matadial
Bracing ol trench and man-holies

Auxiliary trench-bridges for padestrians and cars
Unicading pepes and prefabncated pleces, disinbuting and
E"I inside the braced tranch

and all relaled work
inside the braced tranch

X-ray and leak-lightnese checks

Assambling the leak-warning system, foaming of the mults
Attaching the expansion cushions

Pra-heating

Sand-filing and compacting the trench

Ashall-paving

Making seams in ashal paveman

Integrate Tok-tape and folding
Bringing in 0,8mim chipping-rich asphalt
and compact
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Construction-Timetable
Marienburger

{Calculation based on ZUKS)
Strafe Length of pipa route 510m , nominal pipe diametar DN 1008065

Phase Il: Evalustion of Altermative Construction and Laying

Mar‘rsmn the street, cutling asphall, cruching and loading
19 mmﬁa single-day-construction sites

Bracing of man-holes

Aunxiliary trench-bridges for pedestrians and cars
Unloading / distributing pipes / prefabricated pieces
Weiding and all related work outside the trench

X-ray and loak-tightness chacks

Assembling the leak-warning system, foaming of the mufts
Walding pépe joints inside man-holes. foaming
Backfilling man-hokes with sand

Asphalt-paving

Making seams in asphall-pavemant

Integrating and folding Tok-lape
Bringing in 0.8 mm chipping-rich asphalt, compacting

\‘%x

R
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{Horizontal Laying - without bracing - cold-installation (max. 90°C) - single-day construction)
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Definitions

Canlel bneiallation:

Prewent conventional laying:

Freheatimg:

Compensation for Eaxpansion, Compensator,
Sarain Heducer:

DBisplacermen:

Cold installothon is a pipe laying technigue
without pre-expanding (e.g. hy preheating ).
Aulcitomally, cold dstallation (in ks mesdem
form)) means, thui the 0,2% - vield sirain is not
lemdting the micchuamicnl layout but pipes are
designed weconding 1o o [eigue analysis,

Tisday the installation i doge most frequaendly
by prehesting.

Prehesting is a special mcthiod 1o expand the
dhistrict heating pipe. The preheating con be
accomplished different vways. e g, with hod
water, electneally. with low pressune steam and
olhers,

A compensation-clement inkes the thermal
expansion of o section of the district heating

pipe.

The displacement is the shill of a defimic pipe
Iocation, e.ge. of o pipe bend, due to (hermal
expansion of the piping (in contrast o the
rrusderial strabn.

1
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Appendin I: Comparison of Cost Caleulations: MYV, D - Mannhcim

%

Cost Comparison

(Tharmal Pre-strassing. Codd InstaSation (Vananl 1. Varani 2)
Marienburger Strale, Mannhoim

pipa roule length 510m, nominal diameles DM 1008065

Tiefbau

Aftvuch von Varkshesfische O - 18 o Silnko
(eabernaushub in Maschmenarteil bis 1 25m Bil 3
Montagogrubaransshyp, T, 0= 1. 75m_ Bad 34
Ausshub rescheniagem

Siab. Sard lickern, mnkseon

Sand lafarn, ainbien u, Verdchisn

FeEsngaaraim nermbaien

S Al oo Eirdiien

Wasgorechrer g senkrochior Verbaeir mit
Halzpiplon

Fullpangevirichon, Bafelisbricken

Bi. Tragschichbnsal, bal u, ésnbauon
Tekband lietern, snbauen i Oon Kanden
Bl Dlechanbaindg mndchirmidan, alibrboiam,
plfiagen. abishren (Lbaiapmung 15 cm)
Sghireicher Anphatibeion O-Bmm linkemn,
mrbmsnn o veldichien

Surnmie Siralenbarsieiung

Summa Tieftau

Rabhrbau

Rohn abladan

Rahig worledon, yveriegen

Habgsehrmtls hansielan

Ferigiaie u. Farfgbooom sintauen
Kitoporboden, Anachweillshizon monSaren
HishatsiaMirariel ablrennen

Aund- und Seamentschwoiliing
Stutzenschwesiiung

Slwhinokeboaan, Redudedslics snbausn
Summe Rohrbau

Rohrieferuna u. Nachisolisrung
Hoahre befom

FEsipynkitdOchsn |~

KMonimns Konimisystiem

Mulfen pusschiamen

tdoringe Dehnungazonen

Summe Nachusaioneg

Summe Rohrilef. u. Nachisalierung

Warmiahren }*
Baustalleneinriehiumng 1™

Gesami

}* eshimialed based on MY -iimoice
' eshmaded 0 4% ol excaabon and pipe work

Wariant 1

T2 THE.JI7 O
15435, 1d [
1 708,58 Dkl
TA345.97 DM

17.085, 77 DM
163047 DM
0. TES 1 Dt

S B0 2 D

8 039 2 B
S0 03603 DM
6058 00 O

7.072, 57 O

1. 75736 OM

47857, 85 Dl
TIE 11859 DM

JIEAT DM
443545 DM
305,35 i
213,43 DM
T894 DM
221,72 Did
BO4T.06 DM
12887 D
it Dl D0
d 732,87 OM

45522 30 DAF

3.301.29 D
5967132 Ow
0.047 .18 D
P 509 52 Dt
&0.031,82 DM

1.541,00 D
6.000,00 OM

218.724, 38 DM

Warant 2

12 144,79 DA
11.086.18 DM
1. FO8 S Do
1207400 OM

1558623 DM
1,454, 00 Do
A2 B63.80 DM

A JFETT O

2 BF340 Db
T8.125.55 DM
6. S84 B0 D8l

T.OTZET DM

1227700 Dad

&4 480,07 O
106, 715,00 DM

338,17 Dk
3.000.00 DM
30536 DM
21143 O
376.54 DM
231,72 08
772025 O
128,81 DM
664 04 DM
12.970.71 DM

43 S 0 DR

330021 DM
£ 187,12 0K

B468.33 OM
50.950.63 DM

-

5.000,00 DM
178.676,14 DM
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Appendis 2: The Cost Elements of Fipeline Construction in Sweden
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Appendix 3: The Cost Shares of Civil Engineering and Pipeline Construction as Parts of the Overall Costs,

4 erman Uvilities

JUKS MVV-Ensitgie MG Dhnalakisn Haniyeer Wallsbury
LW {1988)

B PRipa Dalivery, Installaton Wark, PUR-foamang, Pra-hiling

B Excavation + Construction-site Set-up









