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PRESENTATION AND BACK GROUND

e Kim Rolin

= 1994 Diplom-Eng. in buildings.

1994-2002 Contractor (JFE) - company specialized in
DH-systems — civil- and pipework.

2002 - Ramboll

2002-2004 Worked together with Peter Randlgv (Ramboll)
Convenor of WG13 — (EN 13941)

2003 - Expert-member of WG 13 and S 190 (Danish Mirror
committee
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Fjernvarmen kommer
til Danmark

Med lide god vilje kan man
hasvde, at verdens forste fjem-
varmevark opstod i 1860°erne
i Kobenhavn! | perioden 1863-
1869 blev en bygning opfort
for Zoologisk Museum i Kry-
stalgade, og den fik en (efter
datidens forhold) meget avan-
ceret opvarmningsform med
damp, lkke alene museet, men
ogsd en del andre bygninger
omkring Frue Plads og Ner-
regade blev forsynet herfra
via ror.”

Mange opfatter imidlertid Frederiksber
Forbraendingsanstalt, grundlagt i 1907
som det forste flernvarmevarck | Danmark
Arsagen til, at Frederiksberg var s4 tidlig
ude, skal sages i, at kommunen allered
ved indgangen til det forrige drhundred
var ved at viere fuldt udbygget. 1 slut
ningen af 1800-tallet var Frederiksbery
Kommune kommet | den situation, at los
sepladserne inden for kommunegramse
var ved at vaere fyldt op. Man stod derfo
over for valget om enten at erhverve ny
lossepladser uden for ko eRran
sen cller at bygge et forbraendingsankbg
De ledende kredse i Frederiksberg Kom
mune var imidlertid ikke stemt for at
lossepladser uden for k

District heating arrives
in Denmark ...

The first district heating plant in Denmark was finished in 1903
in the centre of Copenhagen for burning waste due to lack of
landfilling space. The plant was at first just supplying the local
poorhouse with steam.

The chimney and plant house is protected and now standing
next to a modern 200MV peak load oil fired boiler plant.
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It started with steam systems in the

larger cities but after a couple of

AALBORG UNIVERSITY decades hot water systems came up.
DENMARK

At that time all systems were made with
pipes in concrete ducts where pipe stress
was eliminated with anchors and

Th e Way tom Od ern D H SySte ms compensators or expansion loops.

I
e
Feerdigstebte underkanaler
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| mellemskolen og Feerdigstebte overkanaler med cellebeton
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Man venter <iad meaet af fiernvar-
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In the 1960t and 1970t most pre-
insulated pipe systems were still fully or
partly compensated with no or low pipe
stress constructed with either expansion
loops or the “sliding” system where the
steel pipe moved freely inside the
insulation and with anchor blocks and
compensators.

I n 1959 Someth i ng happened . The “sliding” system was used up until

the 1980th.

Mr. Ege Andersen,
managing a plumbing

and coppersmith
company in the small
city of Lggster found in
late 1950t a way to put
a steel pipe in a casing
pipe an insulate the
space between the pipes
with PU-foam.

The pre-insulated pipe
was invented.

He founded a company
called

LOGSTIR RORindustri
today known as
LOGSTOR.

SN
Ege Andersen

COST EFFECTIVE 4TH GENERATION DISTRICT HEATING PIPE CONCEPTS
RAMBOLL ((z

12+13 SEPTEMBER 2017

AALBORG UNIVERSITY
DENMARK



COPYRIGHT & Danish Standards Foundation. Not for commercial use of reproduction. DS/EN 13841 + A1:2010

EUROPEAN STANDARD EN 13941:2009+A1
NORME EUROPEENNE
EUROPAISCHE NORM July 2010
ICS 23.04D.10; 91.140.10 Supersedes EN 13041:2000
. . . English Version
!n 1982 _the ﬁrsf( ngsh st_andard for design and Together with EN 13941 Design and installation of preinsulated bonded pipe systems for
installation of district heating concrete and pre- district heating

there is a numbers of
associated standards

insulated pipe systems was published.
3 Ramboll engineers participated in making the
standard.

mmmmnamsmnm Ses sysiemes bioes o yaux Instalanon gz
ie6 Do isc ‘entenes Teal cnaute ‘Verunamamelroneen fOr die Famuama

which describe how all
parts of a complete DH

This EUrDpean SEandan Was 3pproved by CEN on 23 May 2009 3nd InGUnss COmgandum 1 1SsUsd by CEN on 11 Noyembar 2000 and
Amendment 1 approved by CEN on 15 hay 2010.

CEN MEMDETE 12 BOUNG 1D COMplY WM fhe CEN/CENELEC |M2ma Raguianons which stpuate he conditions for giving this EUropean

. . " i b d e e

The Danish standard was the foundation for the EN SR TR 905 [Eels o R
and to which quality. mmmlulwwiﬂlmm\murhmh[v'?i;ﬂir:mummgCENMi\argawguiﬁm@n:g:nsmwmxme

standard 13941 we use today and Ramboll has always a Y Eo

been represented in both the Danish and EN standard sttt e b e et e P

committees Portuga, Romania, Svakia, Siovenia, Spain, Sweden, SWitzeniand and Unfted Kingaom.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland,

Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.

The purpose for making this standard has from the
beginning been to make more efficient and reliably
district heating systems.

The standard committee is working continuously to E‘;':z’;;m;‘:;gmfmv
. . . . . EUROPAISCHES EOMITEE FUR NORMUNG
improve and include new discoveries and experience
to make sure the standard always will represent best Management Cenir: Avanus Mamix 17, B-1060 Srussele
practise and be state of the art. EUROPEAN COMMITTEE FOR STANDARDIZATION
. . ©2010CEN Al rights of explofiation In any form and by any means resenved Rel. No. EN 138412009+A1 2010 E
COMITE EUROPEEN DE NORMALISATION e T

EUROPAISCHES KOMITEE FUR NORMUNG

Licensed to-Ramball Danmark A/S
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HISTORY OF STANDARDS SHORT [

4DH
EN-standard for: 1990 — (EN 253 — max DN600)
DH-komponents
EN- standard 13941: 2003 (first version)
Design and installation
Current version 2010
New version expected 2018
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DISTRICT HEATING m

P>
LAYING METHODS
_ _ 4DH
Compensated systems (reduction of axial forces) &_‘“ - w
* Pipe-systems preheated in open trench - sections made with Z-bends and U-bends lNVEST

e Pipe-systems compensated with L,Z and U-bends without preheating or with preheating after

backfilling of trench but with open trench at the bends.
e Pipe-systems with E-compensators (SUC=Single use compensator).
Cold-laying (High Axial Stress-systems):

e Pipesystems without preheating or compensations-elements as bends and SUC.
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Benefits in design

Lower temperature =

Longer expected lifetime

100 °C
115 °C

120 °C

RAMBOGLL

=>

100 year
50 year

30 year
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Expansion loops / Pre-stressing elements £ Heat Roadmap Eurepe

Benefits in design .. on eove e
F(m)=55mx2=110m |NVEST

U = 2,1m - Due to pre-installing joints U=3m

r. <2 % F max. <2x F max. 52 x F max. i
| : . : ] X |
} -l ] _. :- 1
=1
e e By T===============3) - M -, )
R S, g T T T
:.‘ Extra approx.
I i Total length civil work and pipe handling = 9m = 7.5%
o - 4 pcs. 90 bends - 300%
180 N 7 pes welding and joint casing - 90%

| ) |
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Pre-stressing element T

Expansion loops is typically made on both supply and return.
Pre-stressing elements only on supply.
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Benefits in design
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FAST LAYING OF LONG SECTIONS

RENOVATING DN700/1000
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FAST LAYING OF LONG SECTIONS

RENOVATING DN700/1000

A L

LINVEST
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FAST LAYING OF LONG SECTIONS !;!
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NEW TRANSMISSIONLINE DN250/450 Y 4
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FAST LAYING OF LONG SECTIONS

NEW TRANSMISSIONLINE DN250/450
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a(T)- E(T)- AT Nimm

Ao

Aksialt spandingsniveau LOGSTOR
Graense EN 13941 Greense lokal ustabilitet
d Ao max.|A Tmax.
{ Buckling ) mm | Nimm* | °K
[ 269 334 3o |
350 / 337 334 130
| 424 | 334 130
| 483 | 2334 130
300 - — L 603 | 334 13
Inl 761 | 334 130
— ETER T T
=80 & Flydespanding stal 139,7 | 334 130 |
Bt EEEAEEEES | 1663 334 130
— 219, | 334 130 |
2130 | 334 130
A L3239 | 334 :k
=0 ; g/ tsa | 30 [ s |
! T
100 T T ™ et00 | 230 | 90 |
87
B4 |
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( Buckling )

350
BEEINVEST
300
} o
& 200
S
'é 150

Projektering side 110.1.1
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STRESSES
OVER
YIELD-STRESS

1S THAT POSSIBLE ?
AND WHAT TO BE AWARE OF

RAMBGLL




HIGH AXIAL STRESS
PRINCIPLES OF FORCES

Last i henhold til EN 13941 LOGST®R

RAMBOGLL

N

Kontrolleret mod
flydespanding

|

AW

Kraftstyret last

7 Kontrolleret for

udmattelse

NN

Z
Deformationsstyret last

Spanding / tajning P235 GH og PE

Proportional Limit
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Aksialt spandingsniveau

4DH
Heat Roadmap

LOGSTO®OR

Stabilitet - lokal / global
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TOPICS TO CONSIDER WHEN USING SYSTEMS
WITH HIGH AXIAL STRESS.

e The risks of parallel excavations near DH-pipes (other utilities)
= Necessary soilcover when using curved pipes.

e Limitation in the use of angular deviations at welds.

= Reductions of pipes (only 1 dimension at a time)

e Special attention for branches, both prefabricated and “in-situ” — fatique are the
main-topic.

e Larger deformations at the bends.
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LOWERING THE STRESSES BY USING _"%
E-COMPENSATORS. (SUC) &4DH

Spaendingsreduktion med E-Comps LOGSTOR
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LOWERING THE STRESSES BY USING "'u
E-COMPENSATORS. (SUC) &4'0

Bt et U A MR g e ey
INVEST
Spandingsreduktion med E-Comps LOGSTOR
Type

©42,4-139,7mm

2 168,3 - 610 mm
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TOPICS TO CONSIDER WHEN USING N
E-COMPENSATORS. 4DH

BB INVEST

How long are the periode from welding in the E-compensator to
making the final “closing” of the E-compensator ?

Is it possible to come back for closing at the time of commissioning or
shall the E-compensator be closed “before leaving working-area” ?

E-compensators must only be connected to straight pipes. Elastic
bending on sections with E-kompensators are not alowed

Using of E-kompensators with preset gap or with “full gap”.
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HOW TO HANDLE (LARGE) DEFORMATIONS
AT THE BENDS

Sandcushions — only suitable for open field an only for small
deformations (recommended not to be used)

Foamcushion - Maximum allowable deformation 70% of 120mm =
84mm (may require extra strong foam at bends)

“open bends” - Area around bends are backfilled after “first-time”
expansion. (reducing of deformation)

Special making space to allow pipes to expand without
Constructions - soilpressure.
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Figure 12 — Possibilities for expansion cushions of the outer casing
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ofter welding ond jointing pipes ore
ploced in finol position

T
| empty pipe made of steel or plast or PVL for etc sewerpipes

corner mode of PEH or Steel
rolled steel plate

~——concrete foot

solution 1

minimum space 250mm
Steel trapez

optionally with concrete on top

N
example of expansion champer 150 |
concrete
solution 2
minimum space 250mm
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BENEFITS FROM USING E-COMPS OR
HIGH AXIAL STRESS SYSTEMS ACC. EN 13941

e Reducing amount of weldings and joints significant, (and the risk of failures)
= Lowering the cost of components and pipework, welding/mounting.

= Lower cost of civil-works due to more simple routing, better workflow (no preheating)
easier handling of the traffic (no U or Z-bends needed) and shorter construction time
(shortening of the time with open trenches means less traffic-handling and maintenance
of trences and working-area ).
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BENEFITS IN DESIGN.

If you want all the benefits of using the EN 13941 for designing, you have to use all of
the standards.

This means among others:
e Pipes, fittings and joints shall be according the EN standards

 Weldings shall be according EN 13941. high quality and strict demands for
misalignments.

e |If doing so, its possible to make projects in projectclass A+B mainly by using
design-manuals from pipesupplyer = lowering the cost for designing.

R A M B L L «‘ COST EFFECTIVE 4TH GENERATION DISTRICT HEATING PIPE CONCEPTS
12+13 SEPTEMBER 2017

AALBORG UNIVERSITY
DENMARK



EXAMPLE FROM BELGIUM - 2017
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EN 13941 IN THE FUTURE
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