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Preface and Acknowledgements

The International Energy Agency (IEA) was
established in 15974 in order 1o strengihen the
co-operation bebween member countnies. As an
clement of the Inmermationsd Encrgy Program,
the participating counties undertake
COOpCrIlve actions inenergy rescanch,
development and demonsiration

Dvistrict Heating is scen by the IEA as 2 means
by which counines may reduce their
dependence on ol 1L invelves the increased use
of indigenous or abumdani foels, the wilirntion
of waste energy and improved energy
clficsency. With the same objectives Dhsinict
Cooling is gening a growing imteresl. The
positive envirommental effects of improved
energy eMiciency will give on additional snd
very stromg impailee o raise the activithes on
Disrict Heating and Cooling.

1EA s Program of Research, Development and
Demonstration on District Heanng was
established in 1983, In the period betwein
Movermber 1983 and March 1997 under the
auspices of the TEA 4 programs were carried
ol Anncaes | e 1Y

In May 1996 Annex ¥ has been stared up
The lollowing coumtrivs co-operiie i AnBx
Yo Cansda, Denmiark, Finland, Cermany,
Kisrea, the Methedlunds, Norway, Lnited
Kingdom and Sweden. The Excoutive
Commiiee hay set following priogitbes:

= Cptemigation of operating lemperatuies

= Balaneing the produciion amd demand in
CHIP

= Cost effective DHEC networks

= Fatigue analysis of districy heating sysiems

= Disirici hesting and cooling in Qe
buildings

= Handbook aboul plastic pipe sysiems [oe
ilisiricl heating

= Optimal openstion, operational availabnlity
and mmatenance in DH sysiems

MOVEM 15 acting s the Opersiing Agent for
Annea Y.

General information shout the 1EA Dsiricl
Heating and Cooling Program will be given by

IEA Secreturiat The Operating Agent

Mir. Mel Klimann WNOVEM Mr. Frank
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This repon is part of the project “Cost effective
DHE&C netwarks™ with the tsks

=cold installstion of vigid district heating pipes
—new ways of installing distnict heating pipes
—remse of excavated materials

The work on the task reuse of excavaled
nuterials kas been monitored by the “[EA-
Expernts Group Cost Effective Networka™ (EG)
with Dir.«Ing. Frieder Schimatl from “MY'Y
Mannhoimer Versorgungs- umd
Verkehmgosellschail Energic AG IMYY
Encrigie AGY", D-Mannheim, as project lesder
and chirman of the cxperts group.

The einbers of the Experts Group have boen:
« Bwen Tore Bakken, Norway
Gen Busem. The Metherkands
Nigel Gurrod, Great Britmin
Heine-Wemer Holfmuanm, Germany
Manfred Kiopsch, Germany
Tire Mordenswan, Sweden
Pet Rimisen, Denmark
Kun Risager, Dennuark
Wieili-Pekka Siroka, Finland

The chairman wanix o thank everybody who
b comtributed amd made it possible o cany
ihroagh this work = especinlly every indhividual
of the EG for making a good efTor and
shivwing a positive will i cooperaie. A spocial
thank to My, Mordenswun SDHA Sieckholm
and 1he tcam of SP-Swedish Matvonal Testing
and Research Instimie/Chalmers University of
Technology, Giteborg for their special
contribulions of muterial from Sweden, SP
b, G. Bergsintim, Prof, U, Jarfeli, Me. 5.
Milason) wis subcontractor on this project. The
Swvedish contribuions are anached 1w his
el The first entithed “Layimg of Dhstract
Heuting Pipes Using Existing Soil Material” s
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Summary

O grodeics of environmentidly friendly
construction the wtilitics are trving o wse
recyched material of indusinial kelover inviead
of raw materiad as tremnch hackiill.
Encrirenmenisl proteciion his been proven o
ned always incremse construction cosls, but alsoe
lower costs bn certain cases. Prnorities in ihe
come of wench-backNling are wath tho ue of
excavated materials bevause they are e least-
cosl alternative available,

Toshony"s standard prociice 1s the use of the
before mentioned maserials for the pipe and
filling kayers in the rench in combination with
mechanizal compaction, In ihe pas serious
quality stondonds were delined for materials
aned their mamal insiallation io be applied in
the prpe layer for reasons of pipe-profection.
With the hack ground of the current
investigation these requirements may be
lovsened owards the apgroval of recycled
materipl which seems io fulfill the demand for
pipee protection just ke the Swedish
recommendation of (NG mm gran sizcs
instead of formerly regpuined 044 mm. Further
relense of those rules seems possible i the
futire.

A very promising lechnology is the installation
of the bkl maersal by hydraulic
compaction. The material is mixed with water
and a binding ingredient to form o (usd which
then is poured in the pipe-trench, The fuid
encloses the pipe entirely which iakes away the
need for costly manual compaction. Howewver,
ihe mann ccopomic sdvaniage of this method s
it peduction of required wrench-widil by sbowl
3 em when compared 10 manually compacted
trenches. Therehy, the masses of excavaled
sk, backfill and rerstalled surfaee Layer nre
reduced signilicantly. The application of this
e hnique becomes meresting of the savings
enceed the coste of the stabalized maxture. The
prices Tor the nxture will poasibly decrease in
fudare due 1o higher violumes of production and
& developed competition between suppliers,

Dependent on recipe, excavaied soil may be
plimost exelusively ased as the hasis for ihe
pisture {fregquemly referred o as 358, of
standard soil propertees prevail, The casting of
the pipwes with Muid mixture seems (o Fivor e
e Of coarse moteriale. By means of (he
fluidization coarser grains are encapsulated
] theer loentbon fined by fine ones. — The

trench may be filled up to the street’s level
interface, above which the road will be
retmatslled in & conventional (ashion.

The sbove method of construction offers
potential for further development in case tha
558 will be gramied the approval as frost-
resastingt roowd construction material, The
prench could then be Nilled up 1w the interface
on which the bituminous layer is installed
instead of stopping the Muid refill underneath
the suppo layer,

As o consequence, the cul-hacks of the
bitsminoss layer could be aviided which
normally are required in the area of highly
frequented roads B siaune ihe gqealiiy of the
bituniinous joint between existing aind restored
sl fice. The comsarsction-tirme has alheady
been rediced signilicantly, the so called
Single-Day-Construction became possible [ 18]

Even the simplest way of nydraulic compaction
~ the washing-in of backhill with water - has
its justafication in the constroction of bersed
pipe systems, Soil and backhill need o be
permeable to water. Admitedly, the
compression 15 a linbe lower than with
mechanical compaction bt it is sufficient for
pipe laving undernenh paved areas with saall
bods like sidewnlks or bicyehe lanes. Adso, it
pay b useful v pkd o step of fingd mechpnical
COTmpagtion [ o pape which has been washed-in
m the first step

This report is no constraction guideline for the
redl case. [F rather informs about the ongaing
eflors aiming to ease the way for the use of
reeyveled malerials for the backfilling of pipe
trenches in general. In the meantime, it 1=
meant 1o catalyre the participation and
iscussion on the unsolved questions of this
Techmixgie.



2

General

Besndes the requirements for a loag service-
lifetime and low cous in the pipeline
canstruehion bisiness sspects of environmental
prodection have become increasingly
significant. It i= urgenily wamted that natiral
resources wilhin am outside the construction
shhe are comserved as much as possible. In this
comext full the demands 1o restrict the

transport of excavated mateninl and backfill 1o a
minirmwm and 10 avold any unnecessany
inconvenience for netphbors caused by the
comatruction activities. For use in the
construction site the before excavmed material
should be taken if possible and new musierial
should be pyosded for the backfill of the trench
wherever possible, Conserving (e resources
can Turther be done by using recyeled maerials,
imdusirial lefiover of waste-material,

The calls for cost-efficiency and ecology don’t
pecessanly exclisle but may rather complement
eachother in the case of pipelime constmiction,
The ¢levated prices for sew material and the
frequently rising prices for the deposit of
overhurden both pond v ithe same direction as
dioes the call o pratect the envirenmenl, Le 0
reuse existing material. Despife the fct that the
coal relations and boundary conditions are
varying within regions aml evien more on 3
natiomal level since the scoess bo resources
underlies strong regional differences, the
pridection-constraints apply in general, Facing
ihese constraints the wilities are irving 1o use
pidvanced iechnologies since they are exposed
to specifcally high sitention by the public as
companed 1o private compankes.

For ihe rewse of maitenal for pipeline
construction several inferesting solubions exist
at dilferent places, In this report only
consbruction methods will be described thal
may be ransposed onto other places mnd their
construction sites. The repom will cover
construction techniques which use mainly
recvclable materials or recyeled industrial
wiiste. Furthermore, preinsulaied bonded riged
pipe systems are assumed a8 pipe sysiem
throtughout the report if nothing else is stated.



3 Introduction

Becouse districr heating pipes are laid in street
arcas regulations of the rood construction
authoriny must be harmonieed with the
requirements of pipe installation 1o peta
design-code, In the case of pipeling installation
i high quality b requied in onder to legitimae
ihc high imvestments by appropriaiely long
wervice lifetimes. For the road comstrocthbon i i
pecessary b keep the sircet’s quality even afler
pipelaving underneath the pavemend.
Thenefore, proper materials and tesied methods
are specilfied by regulstion. The road
construction authorities check the proper
restoration of the streel.

The current work Focuses on pipeline
comsiructhon from the viewpasing of an wtility. [t
dienls with the applicability of reused magerial
primarily with sitenbion i sustaiing the
guality of the pipe @ compared be the vie of
approved backfill matenals. Comeguently, il
doex pot deal with the approval of recyeled
misterials for rosd construction, These
tepulations are done by the miad consinaction
suthonties independently, However, if is
obvious teat road condruction is opened Lo
recycled malenals as recen releases of
guidelines slwow.

Dostrict beating pipes primanly need o be buili
in caty-sreet areas, althasugh one tries o pul
them m unpaved arcas with resect 1o e high
posts af road restorstion, The soil in sreet
arcas mosily copsists of inhomogencous
muberials, only seldomly onginal ground js
found. The overburden s madde up of crushed
road surface and, especially in historc owns
from formerly dumped materal, 1e, broken
bricks and ships of foundation. The
composition may vary from place 1o plage
williun the service arca.

Im the folfowing ihe relevan phases of
conspructhon with respect io the use of recyeled
maerinld are dascussed.

The initial step of comstmction is the
cxcavation of the pipe-aneach. The bitumiious
layers are scparsted lrom ihe other excavited
mascrial;, because they ame recycled. The sireet
support is generally excavated wgether wiil
the deeper soil lavers, Mainly, the stroet
support is mage from coarse gravel, however, ol
may also consist of concrete which, in e,
pesults in entirely different chunks, The deeper
soil-layers are commeenly more homiege o

and may be (dependem on geologieal situaon)
even fromn pire construction-sand, Dunng
excavition and storage the different matenals
ure intermixed. The properties of the fimal
mixiume govern the pousabiliny of the matenial,
It iy also be the cse thad the materinl larpely
contains prganic components wiich are na
uselul Tor street support. Given such & situation
the materinls will have to be replaced
compleiely.

The pipe is labd inside the wench together with
all necessary acoessomes and fittings. 1is outer
caxing i imade from plastic and has to stay
wilerproof agamst moistuge from the groamd.
It is pat indo a8 layer of high-guality fime sand
which protects it This sand Wnyer protects the
pipe shell and the il durmg the: axial
dizsplacement which the plpe undergoss as 6
consequence of thermal expansion. In
cooperathsh with the pipe menufsciurers, who
have o guaraniee damage-free operation for a
predefined period of ime the unlities specify
the requirements of the sand Bedding exacily o
rule out all pivssibilivies of domoge under the
imypemed tough hamdling-conditions. during the
rond comstructian operition

The backfilling of the trench has o be execulcd
with ¢xtreme care becuuse the pipe may nod be
damaged ane the coreet function of the
pECEasOnics, & f expansion pads, s 1o be
assured, alo. Al the same line thewe
operations have (o be finshed early 10
mamimize ruffic-obarection,

A further, relatively specific requiremient for
the buried laying of pipes onginates From s
lnter operation: The bedding forces acting upon
the pipe casing shall be as uniform as possible,
Since tlve stalse stress layoul of disinet heating
pipes reles on the fnciion forces between pipe
atid s0il o compensate thérmal expansion
smaller bedding Torces may couse higher
displacements amd consecutive damages. On
thee her hand higher bedding forces may
OvErsifess Lhe pipe sysiem,

Cosresponding to all the above listed
reqparemenis there exisl construction metbiods
which were approved this enabling the
iesigner o build rehiable and long-lasiing pipe
systenwe, [n addition, the listing shall pant
torwards starting peints of making the pipe-
consinuction cosi-cificient by reusing excavated




woil materinls. These can be broughi down 1o
three Tines of scticn which will e discussed
inchividuadly in the following chapiers:

I The graims shall not be restricted 1o fine,
rownd particles. Also crushed miterial with
rathier coarse sieve dhameters sholl be
appeeved as bedding matenal, Thereby,
progessing of the overburden can be reduced,
by chance it may be avedded wliogether,

2. The sequence of construction may be
simplified and shortened conshierably 1F the
ackfill is nod built in as grained sand bid os
Muied which hardens auematcally afier
costing, With this, trenches maoy be built
narower sinee ong dees not need work-space
for (manual} compaction.

However, even wilh casted trenches grain
wge of the fluid maxiere mfluences the rench
widih, Meverthelgss, the magimum possible
gran saec seemes 1o be desirable (oom
econeunic reasoning. Purthermore, i looks
like the costing of pipes favors the use of
coarse graied maderial in the Muid because
ihe later is encapsuilaied by fine grains during
the senling process therehy saving ihe pipe
casiing from indentation-damages.

3ln cises white & divect reime of the eaeavaed
mpkerial is nod poesible recyeled or landfilied
muterial gz, shall be whed jo reduce the need
T wirgin sands, (Recyeling maberiuls consist
ol enbneral companents which werg wed
befone in o boand or widhownd way, They
shall only contain minor percenuges of
Tromanous material, brick stones, chalky
sanddsiones of ofganic mastereal if their
envisaged use ik ps road construction
material)

As suggesicd by the before staied this report is
concerned with the ¢fforts within dilTerem
codtiries and b differen locations 1o build
desirict heating pipes cosi-eificiently and, a1 the
smne e, in an resource-conserving fasheon,
For the reuse of excavated material no patent
recipe can be provided since the materials
availabbe within reach of the construciion sie,
the excavided soul, amld the regulntbons of the
moad construction mithorities ofe. vary
significantly. Here, solutions are presented that
may be trapsposed onto different construction
siuations and that have the potential Tor being
bow-corst, D i the fsci thil deseliopmeisis by

the wiilities, the indusiry and the rescarch
imstituses e sl i progress this report has o
b Tooked ot o snapshob of 1oday™s silustion
and today"s opportunities. The aim of this
reparl 15 i paoind (owards engoing research
work and 1o suppont initistives which beeak the
way Tor the rewse of excovated materials.



4  Civil Engineering of Pipe Construction

Fig -1 Crnpveadvim ol i dlaeiey
Arating s sl e drwni

4.1 Cross-section of the Pipe-Trench

The civil engineering for pipe-construction in
streel areas has 1o comply wath the standards of
the ruling road construction authority and,
therelore, is relalively expensive. Strcier
regulations apply for highways with heavy
i load tham For roads in residentiad arcas.

The weakest regulations for hack iling apply in
grecn arens where sctthing phenisimena are of
rino rekevimee.

With respect bo ihe cooss-section of & pipe-
trench exseirtially three different sones have o
e dlistimguished, ihe pipe eome db ihe botiom
fodbonwedd by the Gilking rone i the middle amd
the streel suppon oo an fop, 08 depossd in
Fig. 4-1

Wikhin the peipse anone ihe layer mnabdemeath the
pips 15 oflen refemeld 1o as beskding laver. The
Pseddding laver (level surfoce) ks completed after

excavation o enable comrect suppon of the pipe

I necded, o drsmage is integrated in the
sedding Luver, The drainage may be placed
centered under the pripes or off comer on ons
side of the pipes, bodh opdions nesualiing in
possibly thicker bedshing loyers. IT the irench 15
10 be artificially drained the bedding laver’s
mutenial may nod contain fine grained sands,
e.g. the Swedish guldeline for insiallatbon [3]
fequiies Manumurm grain sizes of 4 o 16 mm

The sand of the pipe Lyer is meant to shield the
pipe against mechanicsl danages. The sand
ericlioses the supply and returs pipes entizely By
w eminimaan thickeess of 100cm. BEspecially in
danger are malT joinis because they might have
swellimg edgics and contain weaker componenis
than the pipe casing. be. shrink slecves resp
shrink hoscs, For ihe pipe fone o maberial

consideil of rouslded grans of 4 mm [4] ug 1o
b6 mam 2, 3] s uised.

In street areas the pipe 2one has o be
compacted carcfully 1o prevent Liter seitling of
ihe sonl. A Procior density of minbmam 97% s
recjuared for the pipe sone |3, 4, 5], The
cavibies on the bottom of the pipe are the
hardest arcas (o compact, especinlly the gap

bt ween supply and returmn pipe, Generally,
they can only be correctly compaciod by
manuisl pounding. Here, the casting with a

Nusd gubishardening misiure is a rcal aliermntive,

Compaciable matenial specilied by the road
construiion autlarty s imsenied i the [lling
Bayer, Tt needs 10 be frost-resisting angd shall
pol be conflicting with ground water qualily
(o thee insiallation of concreie-comaining
muixiures refer o Chapler 530,

The sireet surfisce is commonly restored with
exacily ihe same material that wis wsed there
befode. 1T iechnigies of moad restoration wese o
be used thid don't pequere the culling-hack of
the bitminos sarface o bath sides of s
iremch w r'.|'|:.i|ur contribation ko cost savings

wisiill e maile.
d.2 Regulations for Construction

Wiiltin street areas primarily the regulations of
the road comstrectinn ouhority have o be
obeved with the comirection of district heting
pipes. Inmost cases these are gudelines (with a
long radition) which are put down in a code of
stalc-wide validity, ¢.g Sweden |6 and
Germany [5]. There, detaibed instructions are
given on applicable materinls andd the way how
pipes. hackfill, and pipe accessorics have 1o be
installed.

Thie backfill maierials meed to lwave te
folbowing propertics:

Environmentally sound: The need e be clean of
wales-pulliants or chemicals cormiesiye (o siher
pans of the system

Stability of volume: There may not be any
significant seiilings or upwand-shiftings

Decny-resistance: They have to be sufficiently
shasck-, weather- and (nos-resasting



Compaciability: The size distribution of the
miatenial hns 10 be siuch bl if compacted ils
voidd frsction is less than 125

Further influence on the way of pipe-
mnwtallation 5 mmposed by the pipe-
manufaciurer, Bemg hinble for o warmanty
(usunlly 5 year) on pipe fenction and quality
e manuisciurer rukes certadn comditions fos
thee imstalbation of the pipes. The utilities have
1o camply wath these rules il they wani 1o be
gronted with the warranty.

Addimonally, dstrict heating papes need 1o be
imstalled i soconbance 10 restrctbons of pipe
static. Yarying operating (emperalunes ¢xpose
the pipe to thermal expansion which is limited
resp. eliminated by use of the sodl fnction and
bedding forces, The static design anticipates
specific bedding forces based on which
measures for expamion-compensation are
deduced, Coly 6f the assemed values of
bedding lorces are reached and malntained
duning operpdion pipe siresses are kept below
vield walpes. Even the anial displacements in
the Ingtion zone o the laieral movements in
the area of ¢xpansion bends may nol cause
domage of the outside pipe shell. For ihese
reasons of longevity a careful installation oll

pipes ks an objective not only of the operator
i alen of the mamnilaciurer.

Usually, the utilities have crested specifications
for the installation of pipes on o nation-wide
level based on the above repulations
supplemented by further technienl sandards |7,
K. 9, 10]. These specifications are cusiom-made
for the requirements of district besting and
contain funher specialties. Such kind of
speiafieaiions exind bn all contries; here, the
examples of [2] and [4] were already referred
i, bt aste shold also odd the hondbook [3] 1o
ihe st which was published by the association
of pipe manufaciurers,

4.3 Avaitable Technbgies for the Reuse of
Excavated Sail

Precondiven for a recyeled marerinal 10 be used
a5 backfill is vhot it is compaciable. T the
amoums of fine grains or organic material pre
o high g removal of the original material
becomes inevitable.

The excavated trench mutenal mght be
infiltrated by large chunks of stone, Such

malerial may nol be used as backfll without
processing, Coarse material prose o damage
the pipe’s casing has 1 be elimnmed, e.g. by
sievIing.

Adidinsomally, there s possibility 1o process
ihe overburden by mining it with additives duat
change ity properties townnds a Muid-like
maierial. The Muisl, then, enables 1o hackfill the
trench exsaly and evenly which also tnkes away
ihe peed for manual coumpaction and does
provide other sdvantages. The Muid-filling of
the trench applied moany given situstion will be
referred wo as =hydraulic compactions
ihroughout this emire report. The hydraulic
compaction is (o be looked o as antipole 1o he
mechanical compaction of the usual grained and
pourable construction materials, The
mechanical compacion requires a emarkable
amount of manual work and calls for larger
trenches 1o provide space for workers since
wurk has 10 be done insade the wench. In the
cise of irenches where manual work is applied
and that are deeper than 1,25 m the German
standands require side supports (slighily
different ruling maght apply in other Evropean
couniries). Il one were o elimdnnle manual
compaction work insade the irench completcly
— . by hydraulic compaciion — the peed for
trench side sopporis may be taken away in
approprise cases.

The logic of rense-1echnigques in pipe
consiruction avadlable roday is provided by Fig
3.2, These are listed with respect 1o thels
general advaniuges [ dissdvantiges prior o
their inlividund in-depth analysis given in
Chapter 4. Today's standand is pristed in the
bowee leli undeneath Mo, 1. Sand amd gravel
are used as backiill which is compacied
mechanically. The filling has s full load
capacity might afier compaction. Disadvaniages
of this lechniqee are found by the high degree
of regpuired manieal work and ihe peceisary
eatrn work-spoge in the trench. The second
eohiemn shows the proceeding of the
eonventional rechnigue which is the applicanon
iof coarser muterials keeping the sequence of
wiork-sieps unchanged,

Column Mo, 3 an Frg. 4-2 depicts hydraulic
compaction with water as the ene-amd-only
additive, Le. washipg-in, The bockfill is
Mushed ko the wrench by high amounts of
water and, thus, compacted. This method is
uscful in water-permenble but not in cobesive



sl Generally, the reguined Procior denssty
values for rad construciion are not reoshed by
washing-in. Therefore, this method nany be
applicd for paved areas with small loads, like
widhe-walks or bicycle lanes,

Fig. 4-F- Tabe of sanliie
b i i fhe prsi e of Riramdiing

The processing of the overburden wilh
aldilives causes remarkable ¢osis, Bul, these
are balanced by remarkable savings, Mos)
importanily the wenches may be smaller since
work-space |5 not peedied 1 the wrench and, as
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Column Mo, 4 is concerned with the expensive
processng of the hackfill weih cemend as
binder and other chemical additives. Several
recipes exist for such a kind of processing o
s castable hackfill, In Austria, there i the
patenied recipe of the company Schwarzl; i is
commonly know that some Austrian utilities
spply this patented mixture, The Austrian
mixidre is only available inskde Austna and in
some areas close to the border so thal
independent developments had 10 be made in
Ciermany,

In Mannheim, recipes were developed in
cooperation with the superregional cemen
inclusery amd also in Welmar o misiare was
derived and patenied

o consequence, only a 10 cm gap needs o be
left between pipe and irench wall. The
cxpensive mechamcal compaction is no longer
respuired. The hasdening-time of the back{ill
may be controlled such that exiremely shor
construction tmes are pchieved. However,
long-term expenicnce has nod vet bailt up with
thas construction fechnique.

The last column No. 5 relates (o o forther
development of the lwst described casiing of
dlistracy henting pipes. Coorse gruined material
15 msed o base in osder to limal the effon for
procexsing of the ingredicnts, Cither than that,
B, 5 material is mived the sime way a5 No, 4
el meade condable just the same way.



5 Practical Considerations of Construction

Firlele 8.1 Sproifivanioss af e
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The backlilling of ihe pipe-inench with pourable
grained materisl i been oreated inthe follwing
sections 5.1 and 5.2, more precisely, the firss o
Fimie aml tlse oiher for coarse graimed masteral,
In the consecutive sections 5.3 1l 5.5 the
constretion-situation after (he backfill has becn
processed o a Med-mixiure is exammacd, mope
precisely, the case with just water or with odher
binding ingrodients, i.e. coment, lome eic,

Sl s an mbomageneous malerial whose
eomples properties are hard o asseas. Hven the

*  channeling elfects caused by radial thernxal
enparsion of the pipes, more frequently i
uncempressible bedding materisl
the elTect of growmd-wser
entnemely frosted sonl {Scandinovia)

The simiic layoul pays alteniion to these vanable
conditions by basing the caleulation for
compensation-measeres on ihe lowest antcipated
bedding foree on the one kand, on (e other hand
by derermiming the materinl stiess i the pipo
assuming ihe lighest possible fretion,

frecticn for a sand-lsedded boily can often be
dleseribed piest approximately. The kreswledge of
the friclion st the pipe-soil imerioee is
impsrtant for the static luyout of the pipe
system. High soil-friction reduces the pipe-
displacement thus vielding lowered eilirs foe
expansisn-compensation, 1§ ihe fricion
coeflicients hive o large margin of uncertasnty
the fayouw safety Meerors have 10 be chosen

higher.

The restruiming friction force on the pipe is 4
product of the normal soil pressure and the
relited friction factor. The requined precise
knowledge of the friction force imposes the
neeid for o wnooth anad delined I'I-l'.-l.ll.ilng il the
pipe in the soil. The copstruction has to
puaramiy thot the pipe-layer which i made of
sand or other material puts constant pormal
pressure ot the pipe during siates of diffencot
epcraling lemperatune and over the entire
service lifetime of the system,

I i well-known that o pember of influences
incieases the uncertatily of the deternination of
the friction, capecially

*  uneven compaction of the pipe-layes

Tirng Rl imins s 18
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51  Sand Bedding with Mechanical
Compaction — State of the Ard

Ad s, @ level sand-bediding loyer of 10 cn
thickmess is instlbed insude the exeavaed
trench. 11 assures @ stone-froe bedding of the
pipes. allows 1o level oul the papes and s,
therefiore, o prerequisite for o thorough
execution of insallsuon work. Apar from cases
where o dminape pipes is installed — which s mot
commonly done — the same Kind of sund is used
throwghoit the pipe laver up 1o about H) om
above the pipe’s crovam, In coses where o
drainoge pipe i lakd o permeshle sand with low
fine-grain fraction is used. An example for the
specilication of the pipe-layer material is given
in Table 3-1

[ reflects ihe requiresncnts in Denmark which
are obwviously generally supponed by the pipe
mans facturers, Similar specificatians exis in
other countries, In Germany, however, a
grading of 4 mm mas, ks required [4],
soetiimes § imm. Commanly, rounded mineral
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sand is wsedd for the pipe layer, Recyeled
muderial is used only upon cusdomer request,

The compaction of the pipe laver is eapensive
since the gaps hetwoen the pipes are hard io
resch and becsise the pipes moy not be
damaged by the compacting operation. Figune
3.2 provides insight in the open workspace on
whitch Turther resriction is put when the inench
is braced, Rracing may be unavoklable due 10
imposed tralfic loads, i e when heavy inck
mraffis 15 passing <lose 1o e copstniction sie.
Tremch side support (brocimg ) may abo be
redeired as @ conseguence of work-salety
regulmions, e when the trench i= deeper than
1,25 m.

Thee saned has o be manuilly compocted up 1o
the bevel of the pipe center, The pipes niust be

hockfilled equally from both skdes so they don’t
shiiflt afterwands. Then, extra sand can be filled
in laverwise ond be compacted with small duty

machinery,

Special care has to taken in the space between
the pipes and also i e anca el to expansion
pals, This work has to be exclusively done by
lnnd. As an alternadive (o manual installstion
af samd the ol construction authoribies allow
the castuag of hikden spaces with concrete,
porous concrete of sodl-binder-mixtune [,
Wirth stndend comerete delivered by the
concrete indusiry the casting s out 1 be 100
expensive, see Chapler 5.3,

For the backlilling of the pipe laver Swedish
regulations allow for o groding of 16 mm

i standard p and sommetimes for 20mm, German
for 20 mms, In ihe pipe loyer wnderneath rood
stirlices a Proctor densiny of min 97% must he
olstained.

[HfTerent material may be wsed in the Milling
layer on top of the pipe layer. Preferonces are
with excovaied material if it is suffecienily
compactable. The latest regulations of the rod
construction authorily permil 1o use recyeled
euaterial in the Glling laser which originates
frosm reeveled construction malenal or
inchustrial lefiovers,

The resioration of the sireet laver isell does
nod crente ony funher difficulty sumce it hos 1o
e donc the same way like the inkial
installntion, The call for cut-backs of the
hitumingais layer on bath sides of the rench,
though, s an expensive undertnking. For ane,
the cul-back action causes expenses isell and
furthermare the street-surface that has 1o be
restored is widened,

Sumuming up, the above desceribed civil
engineering is stgle-of-the-an

practice which proved success in the
cooperation of all parties mvolved with rosd
conmstruction and las, therelone, been graneed
ol by the rond constnsction suthontes.
The propertees of the applicd malerinls are
kmown, The (rcuonal interaction betweon PE-
casing pipe amd these maderials is lested,
althrugh some questions still renmain uaclearsd,
I is & disadvantage of this rechnague thar the
insenlintion of the sand reguires relaiively large
space inskhe ihe trench causing i 1o be wide
Misreover, the stallating of the pipes calls Tor
arelatively high portion of monual work 1o
compact the bedding sand. This procedune is
time-comsuming and expensive.
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£1 Use of Coarse Material with
Mechankeal Compaction

In onder to reduce civil engineering costs ihere
are attempis 1o lifl 1oady's strict regulations for
the bedding of disirict heating pipes in fine
sands, It is a prerequisite for the approval of
coarser backfill materials that the guarantied
scrvice lifelime of pipes may not be alfected.
This has o ke assured by investigations stk
pipe materials and corresponding pilot field
tests, The amount of rescarch needed becomes
obvinls when one 1akes inw secount the wide
wvanely of properiies of excavated maleriils,
Frrst test resulis in this area dre already
published, In the scope of this repon especially
Swedish research resulis were taken o
gecount | 12], which were commizsioned by
Swedish utilives and industry and supervised by
ihe Mational Swedish Disrict Heating
Assocution,

The most important results are presented in the
following; an excerpt of the report is enclosed
i Appendix | in English language. Especially,
the behavior of the pipes was investignied, suill,
BOME qUESIons were nol cleared. A systematic
test of the casing-muff-joints was pot done, vt
Also, the tests were excouled duning 8 one-year
timse span s thai po long-term effects may be
concluded,

- T

- - g

{: [ - rE I-'; F el
I X

It was Wie ohjectve of the ews 1o expand ihe
specification of approved backfill materials for
the bediling of district heating pipes, if possible,
o even melisde excovared sl amd recycled
construction maternl (but not in meas whene
sufficient friction has 1o be guarantead). One
was @ware of the limitations of this conribation
with respect 1o the topic; Furiber mvestigiions
shinitibd hiave boen Inithated.

Within ihe Swedish work progrim a codl-
anndysis was done prior to the techrical
investigations. It did investigate on situations

whiere the peuse of backhll yields optimum
SAVIEER.

In the scope of this investigation three dilferent
situations of instnllntion were picked:

1. iy arca, average pipe dimension DN 150

X Suburban mrea, average pipe dimension
DN 50

Y, Greenaned, iransporiation pipe DN 250

The savings-potential for a reuse of excavased
malerial was colculated for the three cases as
Follonws:

# I cidy arens max savings of 5% are
expected if the overburden i pul next o
the trenches, These savings are even
armndler i irmnsportation of materinl
hrough 1own ks still required. In city sreas
backifill-mmertal costs do not have a large
influence on oversll costs.

*  Lowered costs of backfill have mote effect
im subwrban areas, The civil work costs
sccount for o smaller portion of the averall
costs. By means of majerial rewse 9%
overnll savings are expecied,

*  The highest savings are cxpected for the
case of iransporiation-papes in green nreas,
if the trench may be hackfilled with
excovaied maienial. In unpaved arcas i is
often possible 10 siore overburden on the
trench sides. Consequently, savings are
expected o be as high ss 194% and even
higher,

581 Newdizh Test Ser-up

The Swedsh tests did expose pipes of

dimension N 635 o extreme loads. The point

wits 1o check the capacity vield. Therehy,
imporiant conclusions can be drawn for the
muaimuam ol on districi heating pipes.

It was ipvestigated what kind of damage 15
done o plastic jackel pipes by bwo coarse
grained muerials, L.e. a maierial of grain-size
limie 100mm denved from two different
soimves. The one was relatively smooth-edged
natural material, the other was crushed mincral
maferial with sharp edges. As reforence-
materipl a fine groined sand with max, paricle
siee of B mim was used which was o nodural
sand but sharp-cdged crashed sand. Thes kand
b considered equivalent 1o the conventional
used matetial by the Swedish investigators.
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Hence, the test sere performed uskng these
three materialks of whach the sieve curves are
showa in Fig. 5-3.

These test were eaclusively done ising pipe
dimension DN 65 with an external dinmeter of
1603 . Besides ihe beddding parameiers the
propertics of the plastic jacket pipe werne
varkeil.

were bl b g tosd thst was exelumvely used
by large Ericks of axle-loads eof 220 kN, The
bituminous lyyer was 12 cm thick. The durstion
of the ests wis two month {2000 ruck-
passings b respectively 5 maonth (5000 trock-

passings)

In sddddition o these fiehd 1ests theoretical
investigations and laboratory lest were carmcd

il
Contact force N
Slana sim P ol tane Earth Earth = raffe Al & bend [l
| ini tengsh) mem pel
A Grizam. 2 T F
Bt 1 3 13
Boom 3 L 3
-] Crowsm [-u ] r | [ .u]
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100 Crem 330 pag 0
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The test parnmededs have been:
522 Research el
Haekiill: 3 prain size distributions

= Hmm crushed

® (&) g natural

®  JOEh may erushed

2 covering layver (icknesses
® (L5 m ool

® [1fim

Prpes DN 65/ 160:
3 wall-thicknesses of the casing
pipes
* 215 mm
#  Ll0mm
® 4.0 m
X ivpes of pressune resistances of
the PUR foam {accorgding 1o EM
3
= M kPs
= 500 kit
= Hii kP
{Additionally, the measurements were carmcd
oiif fioor i casing plpe of higher PE-guality)

Druaring the tests o lotal number of 19 ppes was
wsed cach of which was 12 m by lengih, The
overall lengih of the samples was divided inlo
thice sections of 4 m of which cach was filled
with o of the differcnl buckfll miaerals.

Thee tesl &ite wis set-ap such that the pipes were
exposed 1o extreme ralfic loads, They

The load on the casing pipe increascs as a
fumction of cosrser hacklill. Thes relatian is
depicied in Fag. 5.8, e lod 5 cose where

i imum forces are eapecied. Mostly, the
peak losd onto the shell is expected to be ol the
pipe’s bottom if combsined soil and wralfic bods
wre acting on the pipe. In the case of sale-shails
the peak boad can be scting on the lmeral
crown of the pipe (the lpad-peak increases by
the sguare of the mas. stone-siee .

“The resulis of the force / displacement
measurements hive to be assessed considering
the prevailing fest conditions, i.c. high
compaction for the pipe bedding
Mensurensents of the plpe ouler diameter
shicwel a shrinking by (L5 nun

Furthermaowe, the relation between asial forge
and resulting displacement was recorded, The
resull came out o be the usual leading edged
curve with descending steepness, soe 10p of
Fig. 5-5, This s true For the initial
displocement. For consecutive displacements
the resdlting force diminishes, §e. the sand bed
is loosened. A load cyele was 1.5 minates long,
see bottom of Fig. 5-5,
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msatenials on them, The high fricuon
coeificient resulting from the naiernl material
is related io the large indentitions which the
sbones creale in the jeckel pipe.

From the mepsured low values of the axinl
forces ihe friction cocfficients were derbvedd, Le
firom the maeninam valses of Fig. 5-5, botiom,
gakculation scheme acconding 1o [ 13]. The
resiliing vilues were remarkably lagh:

Crushed sand 0 - £ mm il TR
Matura] mareriad 0 — 100 mm p=1.16
Crushed materinl 0 — VN3 pym =0 B3

b b =

Acconding 1o the Seedish puthors” judgemend
the abwve stated valoes are statstcally
unceriain and, iherefore, dare nol
recoimrnendable for dee m o salic ol
calenilution. Mevertheless, the values ane ,g:-m]-
1o base a comparison of the three backfill

With respect to the damages of the pipe Jacket
a difference is maske between indentations and
ecraiches. The most sericus indentathons were
recopded with the soft PUR-foam. They wene
up o4 mm o o FUR foam of pressure
resistance 300 kP, In the case of the siffer
foam indeniations were just hall ps deep.
Figure 56 gives the disiiibution of measisred
wilucs .:|.|.:¢|.1|:|Jm; o 1ested malenals, The largesl
deFormuaticns were cuused by the pelatively



rocind-cdged, coarse-pramed naburnl malenal,
O the other kamd, the dedpes scraicles were
cnuscd by the coarse and crushed material
l:i.gu.lr .7 ilbitiated ibe resalis o the Uiiee
typies of backhill. Measured seraches were U 15
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FFurihier detadls of ihe tests and therr resalls are
provided by Annex |

125 Anveszment of the Neawlis

Al fipst, the measured valees were commented
by the awthirs. Froin thele stalemients the
Fallowing mny be concladed:

®  Croshed fine sand of & mm grain siae with
the related grading curve is giving equal
|h,.'hhl||1H, ql.l.ulrl:. % malural wand

® [Fop e ppe L'I}l:‘l o paturil or crushed
mnaterial of ap o 2 mm graim siee i
recommendable (graaling curve os wsual ),
Single large stones of max, 30 mm may be
tokerabed

& Both ihe maderinls under imvestigation, ihe
aatital and the crushed, wene contianiig
stones of up o 100 min size, These coused
indentatpons of 2 mm and small scraches m

Chuslyed iiprod 5§ oen

LA N -

L] [ B b k=

Wiy sl ol v |
A ppe complyving with BN 253, Such pipe

damages sexm (oberable

e Dol capaciiy of today™s fodm looks
favorable and doesn’t need (o be rated. Even

foanes with o low pressure reslstance of 300 kPa
were dccepled with attention o their masimem
damage of 0.5 mm depth. [1 s recommended 1o
maintiin the wall thicknesses of the plastic
cawing as specified in EN 253, These wall
theckneases are sufTicient 1o withstand the
damages cansed by ihe invesiigated coarse
maicrial. However, ihe conclusions and
mecanmmendations of e Swedish utlities are
mste carefinl. They are included in the new
Swedish Llaying instruction [2]. Here, &
mEaximun grain siee of 1o mm s diam for all
lavers up to 20 cm above the pipe’s crown is
redguired. The tpcluskon of stones up (o 340 mun
i petrmatied, bul nof in pint-arcas - uniil the
poinds are proved 1o have sufficient strengith
Mainly, the sincter regulations of the wiliies
are dhue 1o ihe fact thal noul-joants were pot pul
i trind in Uhe 1esis.

13
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The referenced laying instruction also requires
i st bedding in the area of extremely leard
goil s rocks, or hord mornipe in the region
whoiand expansion fones. This shall be gssured
by leaving a gap between pipe and trench wall
ol iwice the outer pipe diameter for 3 length of
10 niemes the outer diameter around the bend
[14).

Muore detsiled information may be taken from
Appendin | or, resp., the ongmal repoert

23 Washing-in with Water

The wanhing-in with wider is a very simple
iechnigue 10 install the backiill, Even the
hidden spaces under and between pipes are
uniformly filled. However, this echrique is

A e ppa

il e T A

* The pousng action of e sand I seaciind wii & i Budt mesurs o sy B M hosen mmacs

= The maienal sl be removabio by spate sf shy e

& Tha Inction mtwesn S50 st PE-Cating mum comply s iha ramdscteey’ guidslizes for
sarndan! pipes baoifised win regular sand (e pegd
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usually ned applicable in road areas since the
recpured demsity of Dp= 97% is ot aquiie
achicwvedd, The achieved compaction is
penerally sufficient for shile-walks or bicyele
paths.

11 is o prevegpnsiie for wishing-in that the sl
wndl the hack il are well permeabie (o waler,
Washing-in is not allowed in the range of
sewage imstallations because of the danper of
hollowing them owl. Also, the wechrigque s pot
applicd close o buried electric cables.

In the following, a case s described were
wishimg-in of the pape was fnvorable. The
pipes in this rowle were put on top of cachother
and were only fwisied to honaomal in two
hacations where sewage channels were crossing
inn b depih. The supply pipe was pul om the
botom where higher coverage compensales for

higher expansions. Fig. 5-8 depacts the routing
plon and the selected trench cross-seciion. Due
i ihe vertical amangement of pipes they could
be placed undementh the side-walk for a large
potion of the roule. Because the unct
regulations of the road constmction authonty
don’tapply in this area the pipes could be
backfilled by washing-in.

Measuremenis of obained compaction density
are mot documented. However, the pavemeat
doesn’t show any setilement even afier o soven
e period of operation.

84 Fluid Mixtore wiith Binding
Constituents ( Stabilized Sand Mixtore
= 5550

The mstillmion of backfill can be largely
simmplified if the back{ill is made Muwd, Then, it
e b poured in the irench Rike s Bagaid Hilfing
ihie hedden rones under and between pipes.
Withaun having to step in ihe rench liguad
ek illing ossures @ smooth bedding ancd
compaction, The hoguid backfilling con be done
sl elficwently i pipes are welded outsede the
french saving the excavation of man-holes. In
that ease, trenches can be baily M0 e smaller
which reduces the constructions masses
comsaderabily

The S5M should preferentially consist of
excavaled matenial, For ciases of unsubable
excnvations recyeled matenial or mixiures can
be used. The materinl may pot handen 1o a
solid block that i hard 1o break up, but should
rather stay with o sand-like consistency, The
maxture should obtaln o low solidiny {pressure
resistance 0,5 Nimm? ) such that i can be
broken by a spate. Ican then be removed like
lass 1 soil.

Primarily, bwi guestions arise from pipe-
bedding in hardened material:

® Moy the hord bedding affect the pipe and
lower the service-lifetime?

*  What friction can be expected to prevadl,
especially after several years of operation?

Without having commonly accepled iest resulis
somme experiences from the practice of
comstruction are provided in the followang:

Tt i mot anticipated that the pipes are damaged
mwre than normal even I coamer material =

15
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igeed, The Mukd material encapsulates larger
stones such that these can not pose lumpesd
lisaids onto the pipe jackel, e.g. m ihe cake of
axial movements in the expansion rope, [ 12],
Shurp-eidged or s grsins prone (o domage the
pipee are fixed by fine graims in ithe misiure.
Furthermiode, the liqusl backiill is likely 1o sty
more hisnogenesus in composition than
mechanial commpacied maierial. Here. lsger
picces are known (o penciraie inio decper
layers, g from the filling Biver o the pape
crown, danng the provess of vibratiom-
COmpEERRGN &S 0 consequence of gravity, This
effect will not show up in the case of hardened
laquiet backfill.

The frictional belavier of preinsulued pipes is
discussed m greater defml in section 5.4.3.1,

Besides, the ahove stabilined sand mistures
need 1o fulfill further specifications. In Table
5.0 the general requirements are collected
which are 10 be siaired for S5M by 1oday,

Besides the guestions of techriical applicabiliny
econnmy 15 the seeomd crenon for the wse of
S5M. Stabilieed sand mixiures are of interest
fior the wtilities if they offer economic

paf vamtages versis the conventioan] sand

heddimg. This means that the com of the
conventional saind bedding are the upper margin
for e of S5Ms. From the viewpoint of the
uifities the costs for SShds are still (o high m
ihe mamend. In fulure, mode compelithon is
expecied which might bring the prices down,

In Germany, the marginal cogis for S5M are
about 50 US $/m’, see section 5.3.3,

540 Oprigis foer Taseailention of 3560

With respext 10 the requircments and
propeiies of S5M nanly three epions o
instaltation are considered economically
interesting. These are outlined i Fig. 5-10 by
scheme together with a list of its major pros
andd cons (althoogh this s dome for venical
wrrangemeni of the pipes i 15 sull valid for
horisonial arrsigemen|) wiibaouwt [miaibons),
The 55M has io mest the conflicting
requirements of an casy-lo-break (remaval) b
bighly load-ressting mnlerial {niffec load).
The strength in the pipe layer should be about
45 Mimnw,

Inopuon | of Fig. 5-10 e pepe s casted with
S50 up 1o the plpe-center. From there the
funiher backlilling i= carried owt convemionally
with sumid. Ooe can bailt sensll iwenches wid
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the bedding equals a sand bedding regunding
friction properties, There are nao concems of the
road ponstruction authority agains this way of
using S5M.

Oiption 2 mcans, that ihe cntire pipe is costed
up b al feast 100 cm above the pipe’s crown
during nsingle work-step, The Turthor
backiiling is once agaim done conventionally,
It s the mdvantage that the pipe can be buried
with srmall coverage, No special resinctions of
the road construction authanty apply

Options | and 2 face the disadvanage that in
order to correctly restore the sirect surfoce the
edges of the irench have 1o be cut back 1o both
sigles. IM this were nol done cavities uncer ithe
remaining binuminows lnyer may built wp and
be hird 1o Tl by conventional methods.

This draw-back = overcome by option 3.
There, the 55 is installed up 19 the botlom
surface of ihe buwminous sublayver this flling
potential cavities on bath sides of the trench by
mezans of 1ts pood (low charncienstics. The
techivigue i very intevesimg since il reduces
construction iime remarkably, especinlly if the
hackfill hardens quick enoigh v allow
conseculive work 1o be done carly, [ i a
negative point that in Germany the material
wis et granied general permission as road
construction material for the support loyer /
fromt-resisting laver, Prost resistance has not
finally been approved for S5M. However, il s
anticipated that thes propery will be
recognized by the auilwerities since simalar
mixiures were cerfified already. For this reason
diffeérences in applicability of S85M option 3
still exisd between different cities in Germany,
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542 Recipes for SSM

Experience shows thut companies foe ready-
mixed-concrete also deliver concrete of lower
mechanical strengh which, for instance. may
be wsed 1o fill cavities. For the maost part, these
construction materials don't ot the above
staled requirements neither ihe technical nor
the econcanical,

Todwy, there are some companies who supply
appropriate 55M for the backiilling of pipes.
Bui ihcse companies just serve o limited region
with their product. Af least, across borders one
will deal with different supplicrs and differem
products.

Cipse cam assume (bl 558 is vailakle
everywhere, loday. However, the recipes are
nedl comfigured Lo use primarily excavialed
mvierial. Partly, recyeling moterinls and
inchustrinl leftover of even new malerials are
i, Two prodiscers are knowi to have thewr
product-recipes patented but the development
of samalar proshucts doesn’t seem o be hand,

The mixwres of four of the suppliers that an
serving o barger regon are dealt with in ihe
following. Thereby, engincering kisues from
the customer's pobnd of vigw ore pud [krst, As far
as speciie product info s congemed the reader
is referred 1o the producing companics

The four suppliers are;

I. Schasiier- und Betonwerk {(Gravel and

Concrele) K. Schwarzl, A-8141

Uinterpremstiiten, phone.: 043 3135 520

T0

Readymix Beton AG, D-40836 Ratingen,

plione: 0048 2103 400 0, fox: (049 2102

401 6

X FITR-Wieimar, D-99427 Weimar, phone:
IS 363 Tt 267, (ax: 049 3643 Tal
257

4, PapsodDeerke Wittmer & Klee GmbH,
Werk Monnheim, Essemer Siralle 57, GEZ19
Mannheim, phone: (049 621 8031 30, fas:
A 621 B0 ] 333

fd

v S5M, Schwarsd vpe

Company Schwarel was early in the
development of o fluid backlil imateral lor
pipe-trenches, The material was first applicd n
R0 w the Stadvwerke Gear, Ausiria, in order
1o backfll a pipe of dimensson DN 300 This

pipe was monitored so that a 20-year safe
aperation s verified until today [15].

Besides studies of environmental acceptabiliny
Ioad-phate-pressure-tests wnd friction test were
performed as mechanical checks. The
measwrements of friction vielded higher values
than would have been with sand bedding. With
these it is concluded thar reduced end
displacements allow less compensation-¢ o
when 55M s applied {in Graz, the higher
friction i nol utilized; rother are stancard
values of sand bedding tken as hasis for
layoun},

I Gz, ohe was Tearing a drop of ihe
hardencd mixture’s ligh fnction coefficients
orver time thus causing the pipe displacements
i rise. For this renson the above pipe was
monitored. Afler a time-period of 11 vears still
no dinplocements oul of the orginal Tocation
were reconded that were beyvond the lavoul
calculanons.

Comprany Schwarel offers the service 1o adjust
their recipe 1o the individiand woil conditions of
the custmimer, Thes way, the interested
cisiomer & pble 10 have lds excavations
processed such that e backfill meets the
spegifications required for pipe-bedding.

I the course of time the Graz-technigue was

adopied by other Awstrian utilities. 11 is known
thit the Ausirian Association of Dhsmet

Heating Companies is working an an instrsctpon
wihiich sandardizes the propenics of S5M.
A dralt version exists since 1995 [16],

*  Backfill, Rendymis type

It Mannheim, Germany, one tries to unilize the
advantages of liguid backfilling of disrict
heating pipses sincié the lake . ke enrmisd
through varwous tests, bolth, with the above
described Schwarzl-type and with mber recipes,
Primeary rescarch-topics wene;

I, Friction PE-casng / 5SM
Hardening Time, possible sequende of
construction works for road restoration
3. Environmental sssessmenl

The resulis of lopic | and 2 are focussed o in
seciion 5,4 3, The envirenmenial asscssmmcni
yielded no concerms agaknst the processed
muaterials nor agminst the sbditives.



Frahidie 300 - Wiy amiali i o

rive profiniirad fevcfram sripanenieedy
widl KON

Consequently, i can be certificd by the
piriadiscct,

The cooperation between the companics MYV
aned Rencdymix seemed promising on grounds of
thee intermational service of Readymin thus
wielding the option of far rescl deliveries.

Hivwever, although the Réadymix matenal is
suited bo hackill disinet heming pipes. i must
clearly be said that the material does e use
excuvated or recycled ingredients. On the other
hand, the material con be gquality-checked
which s only possible with exacily specified
ingredients (Le virgin matenials ),

coelficients yel. Ongolng mwasuremcnts will
probably be fnished in summer | 9949,

& S5M. type Wittmer & Klee

Parallel 10 the other paths of proceeding MYV
developed another mixhere in cooperatism with
Wittmer& Klee, Monnheim, which allows (oe
prepaniio & srbitrry locations and,
therefore, frees the customers of (he service-
Tiemittioms of the oiher supphiers. i s ithe
recipe Niw, 514 1o which the measurement
resulis in Fig. 5-13 are related; (his mimiure
wiis ised i the coare gramned backfill-tests m
Gionelsorg, Sweden, refer 1o section 3.5,

[Test poien | Nominal samaior | Covessge [m] Teutlorgeh [m] | Terwrmnrs [C1 =T
1, Graz Austis ON 28 oy
nl L] a8 |[=]
OM 15 e
2 EP 8 65 1. 160 m 1 rmin nizen
Gabasbary,
- Siwndi
1 MarePaen, DM 200 F 1S 1 T .'il'ﬂ'_h EH-EL
“"""‘!'-IE 10-80-13080 | el 58
i Marrham, DN RO ! B6D [all- =3 55 L] _l—l
VT o

& Hackhll, FITR Wennar

The resenrch instnute for civil and ppe
enginecting FITR, Weimar, took the
Mannheim-ideas and derived another S5M
which it called *Bodenminel (soil-moriar,
patent Mo, DE 259 393, The recipe,
instillateon guidelines and additives may be
ordered from FITR. The additives are availablc
as dried subsinnces, The FITH offers the
service of custimizing the mixture for special
satuations and 1o menitor the constmciion,

The Bodenmirie] consisds of moind abouat 93-
OTE eacaviled sobl which may alao be
recycling mutenals, Consequendly, the nxsrtar s
prepared at the construction site or a
centralized mixing sie, depending on
economics. IF the excavated soil contains large
stipes |1 has to be sieved before it can be ised
Tor the mortar. Highly cohesive soil with hygh
wider conlents are el switeed for the use as
mortar, The processing machines equal the
ones for regular concrete [17].

I ihe crse af Buadenmdnel Ao measisemend
resolts were published for schieved friction

& SSAL ovpe MVY

Besades o mimor postion of virgin sand the
recipe 358, nipe MVY, uses iwdisaral lefiover
fior the main part (P00, This ks melling
chamber gronulale which was used for abrasive
blasting belore. The used gramidme is mixed
silhy comerele sanmd of 0-2 mun and additives o
form S5M.

Sumnmarizing the above 1 coan be conchded
that varvous options exist for the proparation of
appropriate 558, Here, even special solulions
might help which incorporate resairces from

bl prochuction.

Priority should be given to the reuse of
excavibed materials, Bug, ils wse should nol be
obligaory. Since consiruction sites in the city
center are often limited in space und, therelore,
i siitahle for the interim storage of
overbunden, il 15 not necessary (hat 35M be
made of the exset same materkal thal was
excavaied. SSM can alicrnnfively be made
from encavations of sther construciion sites,
from deposited matenial other industrial wasles,
Here, economic ressons prevail.

1%
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543 Mechanical Properites of 554

When the conventionnl sand bedding is
replaced by S5M it has 1o be checked 1o what
extenl the frcthon fonces on the pipe shell wre
affected enabling appropriste dessgn of
compensation ¢lements. Furthermore, the
S88-muxtune 15 inserted in the strect’s
supporting laver and. therefore, has 1o be
strong and frost-resising,

548} Frichion Properties

As opposed 1o a soft sand bedding the S5M
builds o rigid shell around the pipe. Usually,
o cusnaiders thermal pipe espansion purely
fimr the axinl pipe displacement amd designs the
compensation measmes accondingly, Rudial
pipe expaeion is generally neglected unce
sand s sufficienily clustical {Radial éxpamsion
with large pipes is a speciplty and o1
consadencd in this contesi),

There were comncerns tuat in a handened
environmeni the mdial pipe expansion may
et the riction even for small pipe
dinmeters. The expansion may bead 1o a clamp-
situation between jacket pipe and bedding,
Also, coment containing malerials ane prone 10
shitinking when they dey out. Both effects
wouldd cause higher normal pressunes thus
Ingreasing friction which would (by use of the
same calowduion scheme) lead 1o on apparenily
higher friction coefficien.

Higleer friciion [orces may be belphal in
fighiing large displacemenis in order (o reduce
ihe sire of expansion pads. However, it hos to
be checked whether the siremgth of the pipe’s
PLUR-foam withstinds the increased shear
siress. Becaise of this, knowledge of the
fraction s eritical fof presmsulated pipes.

Lrtal podade, osily & few nseasurements wiih
ihistrict heating pipes were published. In the
following the results of four differen
investigations are described. Their mosi
impariant est-houndery coneitiene are levisd in
Table 5-1 1. The expenimens were done by
ahifting the pipes with hydmulic jecks and
recinding the resuliing displicemenis.

The west semies | amd 2 were camied oul m
ambicnt tengpermure. The tesls m Gras wete
pilot measurenents wheee slow handening
mixiuges were applicd. The hardening e

wis aboul one week before they could be
weighi-loaded and built op. The nieasurements
in Goteborg were also pilot-tests 1thy should
clasify if conrse grains in the mixiure affect the
frichion condions,

The Mannheim tesis are the only ones where
lemperiture dependence was investigaied. The
pipes were pul bo a lemperiiure swing of

BV 3WED °C s check whether the ibove
described channclhing effect occurs even with
small preinsulmed pipes inside SSM bedding.
Dwuring the second test series the pipes were
heated o and kept ot B,

The tests of series I (SP Gieborg) are
discussed i mesre detal] nosecthon $.5 and
Annex 2, The tess results of series 3
{Mannheim series 1) dre presented in great
detail in the following teat, the resulis of
Muannhcim series 2 only as pars pro tiota, The
first Mannheim scries wos not designed o
wvestigate lemperatuse ellects bt roher 1o
wearch for an optumum recipe Tor the 556,
Especially, ihe hurdening time was of kvleres
unll a compoation was Tound that handéned
duick enough. Only the resulis of tee less with
the most promising misture (No, 514,
hardening time abouwt 1 day ) will be reporied
here.

The set-up for the Mannheun expeniment in
which the Schwarzl type misture was tested |s
depicied in Fig. 5-12, The technical dua of
that test were the [ollowing:

Testsample: 8 picces [N 2000/ 315
B m length coch

Bedding material:
3 differen S5M recipes as well
an (V2 mm sand os neference
imaleriil
coverage acconling to lesl series
025 1@ 1.0 m

Test lemperaiunes:
Stgpwake [0 -8 - 130 - 80 °C

The mezpsurement with misture 514 were taken
alier a hardening vme of |7 dovs. The
minimum force needed o nove the pipe wis
recorded, The matial foree wiis comparaively
high and dropped with consecutive tests, The
force was recorded not before the pipe broke
s, After a walling tine of B dayvs the
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The resalis of the vanows emperaunes are
presemed in Fig. 5- 13 Higher temperature
caused hagher fricuon. The friction was shout
1.5 =2 times the value expected for sand
hedding.

The second Mannhein test series, which was

Fig Bl Tesd wrvomp foor ilie
wreiiurraseal pf feve el Cownaean

measured lorce had risen again obvioasly due 1o
sitling phenoimcns,

1 d
Bk done with the Monnhesm iype Readymiz was
carricd oul in o simialor test sgt-up, see Fig. 5-14,
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Tlee thickness of the 35M laver was 4 ¢
undlerneath the pipes amd 10 pbove the pipes’
CIWEL

Owverall, the four described test seres had been
carried ouwl to figure out the iction coclTicekents
of SMM ond preinsulnted pipe in order 1o have
reference values for the stmic pipe Liyout.
Purallel 10 these measerements some were done
with sand bedding for comparison. Sull, a
comparison between all the 1est is hard 1o make
sipce influenves hike coverage, pape dumeter,
and load were changed from case o case,
Therelore, the recondeéd values were compuied
by the helow Formula 1w vield fricton
coellicients [3, 13]:

Fap [#l-,u HoxD+G |

)

willy

fi the fncnon ¢oeflicien

Ko the coelfickent of soil pressure, valued ab
{1.5 for sand

effective density of soll = 18 kN/im'
depth of burial 1o the ceaterline of pipe
aviider clising diameter

effective selfweight of pipe willy waler

agE=

Al measwrenents that can be compuared 1o one
amother are livied in Table 5-15, From (hess
pesulis it may be concluded:

=  Experimeents im Giraz
- the friction coefTickent was about three
times o the one in samd
— il & 558 -lipe load is imposed alterwards
then the pressare will sot coms o full
elfect, at least not nghi avway
& Expeniments in Gidchorg
= the frictbon coefMicient in SSM was
higher tan in <amd by o Bacior of 1,7 w28
= poarse grains generale higher frnction ()
= poarse grains don't hurt the casing pipes
s  Expeitments in Mannheim
Series 1z
= the friction with the ¢old pipe is 1.4
times the friction m sand Asdng 1o L8
times 130 °C
- when recouling fo 107 the friction
drops 1o 60% af it initial value at 10°C
— on the mverage of all considersd
lemperaiures the friction is 309 higher
tan with sand-bedding
Seriea X



Tuibfr 315 Connpuirison of tee = i series I relatively low fnchion
o il i ey coefficients were measured being =23 In the lesi-sie which is sketched in Fig. 5-14
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al o cold pipe. They climb with increasang  experiments with 55M-Type Beadymy were
temperniure by 45% 1o aboul p=048, {in performed {see section 5.4.2) With these, the
the same test-siie the sand-bed fricibon was  hardenimg nme and load copaciry were
evaluated o p=48 - ploays wking the measured, A muyor portion of the lests werne the
Fie. 1: 08 Crodu-aecilnm o friuch average oul of I messurement cyeles) load-plite-experiments done after a cortain
kimulet oy Mieiaeusragfie, Janings hardentng time. The chjective was o reduce the
with remialorriboeatio feriad of S5M 5.4 2 3 Road Conxrecnian wink 5560 hardenmg bme o order 1o acceleraig
construciion, Contimamg the roogd restorailson s
pinssabile niol before enough sirength of the S5M
is aclieved enabling to corry workers,
§. Cwaf 1. Oml
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3. Cul L L Cwi

e bl I'he resulis prosved that the name shabdiized vl

RIFIR AP WAk pl:-::-p:rl}' chosen. The mixiures did
mial harden fo form & lump Bul miber stayed
brgakable and lsse, They may be exposed 1o
Fisaid-plade keats, even pile-drive prohing is
piossible os eroascheck-measine

o
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wilh
L DRLL W1 . S50 s are pol permiied as ol consimciion
malerinls becadse ihe tesis of (rosi-resisianee
are ned yel mvailable. However, they may be
;||!;|I|-|.'|I in tle i amil ||Il|||].: l.|_1. ors vl
fmitations, bl nod in the rost-resisting layer
The hoise sugpod Laver then muist be
¢ Eiil i, Eal cosnstrucied with oommosn materials if the rond

Hissminnias surlige Tk cosimciion autherny imsisis in doing s

Agrecinonts with the roasd consiowction
athority may be negotiabed 1o allow the Tagud
Bymgun Bappart Liphd backiilling up to the lower surface of the
btumanous layer, especully i the case of
] aireeks wath bow rated Buds. YWigh thas,
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gxperiences have been made 1n Mannbeim
simce 10900 In three cases the backiil] was done
g i the bitamimoas sarface. All three strecis
were mioniiored regularly and no seitlements
cobilidl be reglatened
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Fig. 5-16 shows a constriaction where ihe Heguid
bl wais wseal wp to the sarface layer. The
cul-backs on either sade of the tresch could be
avosded. {This site was a district heating prps
of DN 80 and 100 m length where the trench
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was wpen for only one day Trom B am e 6 o
In the cwly evening residents were alresdy
dlloweed bin eross th irench)

544 Concrruction gad Costs

Thie just descrabed investigations and ey
installanons could be used 10 improve the
seuence of consiniction. Firther polential for
cunl-redoctons does exisd. When all
experimenial results gre confinmed by scientific
assessment they can ener doily work pracuice
apening the ways for fwll uellization of all (he
advamopes. For imstange, the igher frction
valises of S5M muy oo be used ioday, hecause
they have o be reconfirmed by check
measurements. Current layoul practice sull
anbicipates the some low valwes sx fior gand
bedding . see [3, 4, 13], In Mapnhetm, anchor
bridpes | 1E] are still used v eombinarion with
cold installed pipes for ithe sake of safely.
These bridges may be avoided if the fruction s
assured 1o be slways higher and siay higher than
with sand bedding. Also, aot all the
consirection relaled sdvantages of 388 are ya

fukly whilized. Mot befone the frost-resisiance 1
acertified propeny the materinl con be ised
througheont the trench bringing along the majpor
time and cost benelils

Today, tweo safery-nasures are recomumenied
with liguid backfilling of pipes. MulT joints
allen extemd are litle 1o the ouiside of the pipe
amd, iherelore, might be put under exira fonées
by axial movements of the pipe m S5M
Because of this mull yjonls shawld be wrapped
inbn roek-shibelding-sheets, aceording io Fig
5-17. Moreover, caution must be taken when
fillimg ihe prench with lgied assemang that (he
pipes are Dixed in posaieon (hus preventing
them T Mooting, This measie s
implemented the easiest by fixing the pape with
sl ansunds of ghly viscous S5M in equal
distunces of about & m, By thas o s also
guaramticd that the Lier added low viscosiry
S5M does ot Tow ploag the ertire irench
uncontrolled, Fig. 5-18 depicts this kind of
construction, The pipe is initially lxed wih
thick S5M and then each companment s filled
up with hinner S50, This way, the rench can
s Filleel i diy the top in one slep avosdung L
material 1o finse along the prench and harden
laverwise.

By liguid backiilling of the rench the handled
mses arg reduced remarkakly. This 15 showan
in Fig. 5-19 ai the example of a DR 200 pipe.
The sawings are even greater with vertically
Twich pipes than whh bodsomal laid ones. With
horfrontal laving the excavated masses reduce
o B9 angd with verical laying 1o 46% of ihe
vitlues for a sind bedding. The same reduction
ppplics for the masses of sireel resloration



The cout saviags by 55M depend om the price
of the mixwre. The following cost f benefit

table shall give further msaght:

e EEERIS L S e
' fea FrbeTia, T G 13 lier
.mnﬁq_...p. A

+ Instabaton i e TR BRI
" Im
. af | w

+ Possibly e cubback at
fonchexes |

In Gesmany, the break-even is of about 50 LiS
S/m’ for SSM. This price is well met by

competition

Muoreaver, it is known by a rule of thumb what
savings are possable if the hgud s used
theoughout the trench up o the bottom surface
afl the batuminous lyver. By saving cut-backs
anid restoration-wodk of the streel surfsce the
overall pipe installaion costs may be reduced
by 155

£5  Subilized Sand Mistures with Coarse
Grains

The advantages of liguid hackfilling as are
described in section 3.4 require the production
of B5M which is best if made from the
excavated material. The cosis can be reduced
further if coarse grain can be used. This was
thie reason for tests with coarse grained backiill
at the SP-Swedish National Testing and
Research Institale, Goleborg. Thess lests were
desipnend 1o build the hasas for furher
invextigntions in this ficld, The experiments
gave promising results that might, in the hing
term, mpen the woy for coasidernble savings

The resuls of the fricuon measurements have
alrcady been given in Table 5-15 wopeiher with
the values for the other backfill materinls.

Here, il hos o be added thal coarse grains
impose the danger of damage o the pipe casing,
However, only qualiisiive answers may be
piven i the time,

Coarse lumps in the bedding material are
primarily dangerows in sections whene the pipe
movemenis are large, Here, difference miast be
iacde Between axuil and radial movements.
With hydraulic hackfill, large stones are

encapsulated by liner matenal thus shiclding
their edges off the casing thereby reducing the
chance of lumped loads. The pipe is shified in o
channel-like space with smooth walls and won't
be affected, see Appendix 2 Fig. 5.3, 54,
However, exiending elements, like inufls-joints
oF service connections need 1o be saved
separitely, see Fig. 5-17,

Also in the case of radial movemends S5M s
may have positive effects doe 1w ithelr sl
ingerfuces. However, if the radial movements

are lnfge one would apply expansion pads 1o
avoid overstressing of the PUR fomm.

Vet there & no doub that Enoaledge is 1o
seqroe o define yield snlues Tor the
specification of matenial, There i & long way of
imvestigations o go before all expected
advantages of hydrmulic backhllmg will come
into efiset.
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Conclusions

Oivvaously, it is possible 1o achicve a decem
iuality of districy bewing pipes withoul
utilveing high-qualsty materinls for the beddding
resp, the backfilling of the pipe. Moreaver,
conts may be saved while, ot the same time,
resoiarces are conserved, transponation and
landfill-volumes are reduced and obstructions
by comsruction works are mammized

These findings viekl first suggestions for the
rewse of former comstruction material in district
heating pipe imstallation. More systematic
investigntions ane necessary before funher
el sibion af constracthon works beooimes
pessibbe which would brng about cven highser
cul-hacks pn costs,

The ewner of a pipe sysiém is always aimioeg o
low gost godutions thus installing the meoss cost-
elficiem malerials as trench backill, The least-
cost aliernative that s sesbily available s the
exncavaled materdal, ITI i pot possible to store
the overburden next wo the rench it has 1o be
rermoved leaving the backfill options with virgin
sands — as commoniy used i the past -
recyeled or lindfilled muwerial, The price wall
be decisve mmongs ihese choees

In ithe past, usually npturel sands were requined
for installation in the pipe sone. I7 thas
requirement is lifted crushed, thus sharp-edged,
material may be used asswming thai il is less
expensive. In Sweden, crushed muterial of
corresponding fine grucing is permitied
equivalent io nabiural material, In other
countries, for indance Germany / Austria,
neatiernl sands ore siill requived [4]. The above
presenied resulis do not justily these
FequIremenis Amyinone.

The specifications of the materials used for
pipe bedding are prisanly governed by pipe-
wifely cotcerms, Thereby, it s necessary 1o
diztinguish whether e pipe is in the fully
restrained #one — remuining Gaed in the soil -
or in the friction ose thus moving in asio)
direction. In addition to ihat, the pipe may il
madially o the iniks of the frction xnes or
¢lose 1o brunches.

The radial displacements are cither
compensaled by the sand-beddime o by plasoe
pads. 1T the sand-bed is used for compensation
coarse grains may be dangerous due 10 lunped
loads, the reader bs referred to | 12, Appendix

1]. For the cose of S5M-bedding it is suggested
bir e expatidon pacds (o avoid demages of the
PL-foamn.

6.l Coarse Materiuls

The resulis of section 5.2 suggest that historic
estimimies of pipe damage by coarse grains
might be 100 conservative. Al least damages
doe 1o axial movements of smaooth pipes
remmin neghigible o the fraction of coarse
grains is mot 100 high. Even the racial pipe
iisplacement of 10 em in the coarse grained
Irackiill dad ned destroy (he casing alihangh it
had caused major indentations. Because of this
the upper grain sige vwas limdeed 1o 20 mm by
the Swedesh regulation for pape = nsaallabon.

N ibe suggestions of he investigmors o allow
S0 men stomes in the backfll i implemended in
practical conatruction the overburden could be
utilized more frequently as fill for the pipe
rone, Possibly, the permission of 10cm grains
will be successful when optimizing the min of
grain sizes; then the effory for possible seeving
operation could be reduced.

Savings result §f the overbunden can stay ad the
constructon site, IF moving of the overbunden is
inavirkilable savings seem almost impossible
since price differences beiween subsiiue
materials are rather small. Supplser prices
differ only by nuances between virgin and
recyehed material. This bs prohably due 1o the
acceptance charge for demalished construction
material being such that prices alier recyeling
madch those for natiaral materials and, thas,
TETALEN Competilive.

Two imporian questions afe obvious oday
which need to answered belfore coarse gralned,
mechanical compacted material may be used 1o
gredter extent: How severe are mulfs or other
parts endangered by sfone-containing material?
Possahle safety measures (stone-shielding sheet)
shall be optimized. And secondly, how does
coarse backfill aTect ihe pipe long-term’

6.2 Hydreaolic Compaction by Washing-in

Washing-in the backiill with water is the
caviesi way of compaciion, Under Favorahle
conditions a compaction-density is obtained
that is just slightly below the required valoe for
road construction. Washing-in is a really cheap



and easy method. It oflers remarkable
sidvaniages {nurrow irench, quick consiruction
winks ) without the pecessity 10 process the
backiill with binding snd other additives as in
ihe case ol 55M. It looks like it is possible o
wimal-in the backfill more oflen thas some
years ago. In the area of reduced loads a
sidewalks or bicycle-lanes washing-in is
possible withouwl insdmsable settling effects,
Alsn, there is the aption 16 compact further by
sbditsonnl mechamical technugiscs, Doing tis,
the rench could be filled and pre-compacizd by
wishing-in. [Maring o second s1ep vibsrtion
commpaction could yield the reguired fing
density.

6.3 Hydreasulie Compaction with Biisders

Today, ppe-irenches may be effecuvely
hackfilled by hydraulic compuction by wuning
the Tillimg matenial wwards & lipuid and mixing
it with binders. Further improvements of this
meihid scem possable. Several processing
mmicthads for the creation of S5M are available.
They can be customized acconding 1o the
specilic location when nesded.

The major economic advantage with hydraulic
buckfilling up 1o the bottom surface of the
bituninous laver results from the fallen
necessity (o enter the irench. Therchy, no extra
work-space for compaction workers needs fo be
provided enabling o keep the trench narmower
by 20 emi. The excavated volume as well a5 the
rodad surface 1o b resiored are redoced by aboat
2049 Besides. situations exist whene the trencly
support can be avoided, too, Hydraulic
backlilling turms ol 1o be especially effective
for siuations of vertically armanged pipes,
Addionally, hydraulic backfilling acceberales
construction wirks. This alse yiclds further
EAVINEL

Experipnces were nude in former leus and
applications:

1. The 558 does harden, not o Ferm o sshd
block bt rather a sand-like material. This i
essiinl for pipe-bedding, funhermorne, the
musterial can be easily removed {e.g. by
spate).

2. The hordening time can be adjusted such
that quick proceeding of rosd comsruciion
i possible, e.g. after a & hour waiting
perd,

3, BSM miay be made almost exclusively from
excavated soil, for instance 95% by
volume. On the siher hand there are
hydraulic hackfills purely made from virgin
muderinls. Even the utillizution of those
might be cconomically favorahle.

4, The bydraulic backfilling with S5M seems
bo act im favor of coxrse graims if enough
Fime grains are mised-in also, Coarse
groins are encogsulated by lines and el in
their location such that the pipes are
contained in a smooth-surfaced
environment, Especially, this ks the euwicome
of the tests at SF Proveing Forskming,
CdMebarg, Sweden, as may be studied in
Apperdic D, Fig. 5. 1;5.2; 53 5.4,

5. The incuion forces of pipes with PE-casing
in 55M are higher than in sand-bedding,
Howewver, there are considemble
uncertninties abowl the effects of installation
ansl operaiion condinons. Mostly, loyour
calculntions are baved on the data for sand =
bedding. Neverthebess, a 30% mcreased
friction may be assumed already. Further
uncertainties still exist about the long ferm
behavior of friction. It s absoluely
necessary (o gain long-lenm expenences o
wvoid brouble with limg-ierm displocements
of the pipe,

The bvdralic baekfilling of the pipe offers in
excess 1o the current savings further potential
fior devebopment. If the 55M is licensed as
frost-resisting rosd construction niaterial il can
be utilaed for filling up the wench up io the
hotiom surface of the hituminmis layer
Therchy, ihe expersive cis-hacks a1 boih sides
of the treach woull be unnecessary, Even
ioday, this iechnigue is approved by some road
comsruction authorities,
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LAYING OF DISTRICT HEATING
PIPES USING EXISTING SOIL MATERIAL
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Summary
Aim

The aim of this project was to find if it is possible to use existing soil muterial os
backfill around district heating pipes designed according to EN 253 [1], with PUR
insulation and PE casing pipes. If it were possible to use material of larger particle size
than permitted at present, existing excavated soil could be used as backfill material, This
would in muny cases considerably reduce the cost of pipe laying. The investigations
therefore concentrated on backfilling with coarse grained matenial.

The project comprised an analytical and an experimental part. In the analysis, a study
was made of the economic conditions needed for cost savings, the environmental
consequences, and the magnitudes of the loads tansmitted from the backhill 1w the
district heating pipe. In the experimental part, deformations and damage o 18 distact
heating pipes of DN 65/160, laid in 3 different types of backfill material and subjected
o traffic load, were studied, One of the materials complies reasonably well with the
existing Pipe Laving Specifications of the Swedish District Heating Association [ 2],
while the other two are considerably coarser fmctions, with cobbles of up to 100 mm
side length. In the tests, the movements which may occur in a pipe system due 1o
lemperature alternations were simulated by repeated axial displacements,

Economy

The economic analysis shows that the cost of pipe laving in parks and natural ground
could be considernbly reduced if excavated soil could be used as backfill, due to savings
in both materials and transport, The reduction in cost is not as evident when pipes are
lard in ety centre areas. Owing to lack of space, material cannot be stockpiled along the
pipe trench, and extensive haulage of matenial to and from the site is therelore hard 1o
avinadl.

Apant from the economic savings when excavated soil s reused, there are also positive
environmental effects, since there is less encroachment on nature due 1o the reduced
need for borrow pits and transpori. less use of natural resources and less
environmentally harmiul discharge.

Pipes

Field winls ndicate that, a1 least in the shor term, backfilling with coarser grained
material than is permitted at present does not increase the risk of damage to the pipes,
Some doubls however remain concerning the resistance of the casing pipe 1o long term
indentation by stones. In asddition, it is not clear how the joints in the pipe are affected
by the coarser backfill material dunng displacements of the pipe.

Laboratory measurements have shown that the compressive sirength of the PUR
material is normally twice as large in the axial as in the tangential direction, with the
raclial strength as the average, This shows that there 15 a large measure of anisoiropy in
the foam, which means that the relationship between compressive strength and density
is not 45 unambiguons as has normally been assumed.



Pipe foundation

The foundation for the pipe is a bedding layver of sand or gravel of 20 mm maximum
particle size. If the bedding layer also is (o serve as drainage layer, not more than 2% of
the particles must be smaller than 2 mm.

Backfill

In addition to protecting the casing pipe and joints agunst mechanical damage, the
backfill must also provide sufficient (metion along the casing pipe. In order that
satisfactory long term function of the pipe may be ensured in both these respects, it is
recommended that backfill up to at least 200 mm above the crown of the pipe should be
of material of maximum 20 mm particle size. Isolated particles of 50 mm maximum size
may occur, but not adjacen! o casing pipe joints, bends surrounded by backfill and
brunch connections, unless these have been given special mechamical protection or
shown (o hove adequate strength. The backfill 15 compacted in the normal way in
agccordance with Table C/5 of MarkAMA 83 [3] (General Material and Workmanship
Specifications for Earthworks).

Backfilling above 200 mm from the crown of the pipe 1s (o be camed oul as specified in
Section C2.5 of MarkAMA 83 [3], or in a way specified by the authority responsible for
the surface,

Swedish recommendations [2] assume an effective coefficient of fnction of 0.4 in
calculating friction forces and friction lengths. In calculating movements ot the free end
of the pipe. it must however be bome in mund that the coellicient of friction may have a
low value, and it 15 normally assumed that its value may drop 1o zero, When the pipe is
lind %o that its movement 18 restrained by friction exered by the backfill, the maximum
spacing of movement ahsorbing elements should be equal 1o twice the friction length.
For this method of layving, backfill of low friction such as silt and clay can be used
without the design movements and forces in the pipe being exceeded. When the pipe is
laid so that its movement is prevented by friction exerted by the backfill, on the other
hand, the distance between movement absorbing elements 15 greater than twice the
friction length, and backfilling with fine grained soil which has low friction against the
pipe results in movements being appreciably greater than assumed in design. Nor can
fine grammed matenial be compacted in practice, and considerable settlement therefore
might occur above the pipe, for instance in o sireet surfacing, However, backfilling with
fine grained soil does not couse mechanical damage (o the casing pipe. and can therefore
be used on sections where no friction forces are required or where there 1s no nisk of
damage due to settlement.

Backfilling oround bends, when the bend is enclosed in a box or surrounded by
insulation slabs and covered with geotextile, can be carned oul 1n sccordance with the
above specifications. Bends constructed without either a box or insulation slabs can be
backfilled with the material specified sbove, of maximum 20 mm panticle size, if the
recommendations according to [7] are complied with. This means that the backfill is not
compacted over a distance equal 1o 10 x DN on each side of the bend. In rock or firm
soil { hard momine), the distance between the pipe and the wall of the pipe trench should
not be less than twice the outside diameter of the pipe over a distance equal 10 ten limes
the outside pipe diameter, measured from the centre of the bend.



As regards the requirements for backfilling around branch connections, neither this
investigation not the recent investigation into bends laid without a box or insulation slabs
[ 7] has dealt with this gquestion. There are thus no new investigation results that wirrant an
alteration of present practice on this point. The existing pipe laying recommendations |2]
refer only to the altemative with a box or insulation slabs (Diagram 5). Obviously,
however, branch connections can be laid directly in the ground without a box if they are on
a fixed section of the pipe or il movements in this are small. In such cases the
requirements for the pipe trench and backfilling should be the same as when a bend s lad
in fiem soil or rock, 1e, the trench is to be widened so that, for a branch connection, the
distance between the pipe and the wall of the trench is at least 2 x DN over a distance of
10 x DN, and backfill, of matenal of max. 20 mm particle size, is not to be compacted .

1
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1 Introduction

The current recommendation regarding the laying of district heaung pipes 15 thar the
pipe trench should be backfilled with gravel of 8 mm maximum size. The intention in
using fine groned backfll material 15 to ensure that the pipe is not subjected 1o
mechanical overloading due to earth pressure or traffic loads, and that the thermal
mavements which anse due to vanations in pipe lemperature do not damage the pipe or
pipe joints, Expenences gained from pipes backfilled with the prescribed matenial give
no reason (o doubt that the current pipe laying instructions result in satisfactory laving.
There have however been discussions lately whether it would be possible to achieve
satisfactory laying when the muterial excavated from the trench is used as backfill, with
larger stones removed by sieving if necessary.

There are both economic and environmental advantages in using existing material as
backfill, Nawrally occurring gravel and sand are limited resources and their price may
therefore be expected to rise. Since natural materials are a finite resource, it is likely
thit restrictions on the extraction of such matenals will progressively increase in future.
Alternative materials and reuse of materials will be specified to an increasing extent
Extraction of natural materials such as sand and gravel will also be limited in order (o
conserve the natural environment. Increased reuse of excavated soil as backfill in pipe
trenches will be in line with ongoing endeavours to reduce encroachment on gravel
eskers and other matertal sources as much as possible. If excavated soil were reused on
the site, there would be less need for material transpon and the environmentally harmful
exhaust emissions by vehicles would be reduced. These are mostly hydrocarbons, oxides
of nitrogen and carbon dioxide. There are also other positive effects such as less waffic
noise and greater ropd safety. To an increasing extent, crushed gravel will be the
available replacement material. Regardless of whether natural sand or crushed gravel is
used as backfill, the present laying method requires a considerable amount of transport.
Removal of the excavated soil and the supply of sand and gravel 1o the site constitute 2
not inconsiderable proportion of construction costs. If the excavated soil could instead
be used as backfill, this would therefore be an advantage from the economic standpoint.

The reason for the present resinctive pipe laying regolations is to prevent damage which
muay occur during the service life of the district heating pipe. If the backfill matenial used
contained larger stones, unfortunately placed sharp stones could cause considerable
local deformations in the casing pipe and at joims in this. The casing pipe could also be
scratched and tom dunng [emperature movements in the pipe system,

The project has comprised two parts. In the analytical part the technical and economic
aspects of using existing material as backfill were examined and evaluated, while in the
experimental part a feld vest was carmed out and evaluated, comprising a number of
different district beating pipes backfilled with material of coarser grain size than that
permitted in the current pipe laying regulations. The report summiarises both these parts.



2 Aim and arangement of the project

. | Aim

The overniding aim of the project was 1o find whether it 15 possible to reduce the total
construction cost for underground district heating pipes. By fully or partly replacing the
normally specified gravel with existing excavated soil, considerable savings could he
mudle in many cases. Even if the pipe would have to be reinforced in some respect, the
total cost might still be lower.

It is known that the current requirements regarding the thickness of the casing pipe (laid
down in the European Standard EN 253 [1]) were mainly specified in order 1o restrict
expansion when the polyurethane nsulation is foamed dunng the manufacturing
process. It is also evident that the now available PEH materials, in thicknesses in
accordance with the present EN 253, are generally so resistant that damage due to
normal handling or loading is rane.

The project studied the effect on strmght sections of district heating pipes due to
backfilling with some different types of non-standard matenials. The imention of the
investigation was to find whether it is possible to use, or modify, the traditional district
heating pipe with PUR insulation and a polyethylene casing pipe when existing soil is
used as the backfill material, and to draw up specifications for such backfill material.

2.1 Arrangement

The project was performed in two parts, an analytical part and an experimental part.

In the Nirst pan, a lterature search was made and calculation methods, experiences and
previous cxperimental results were examined, The results of this work were partly used
as the basis in choosing loading combinations in the field wests and for the additional
caleulations and experiments which were mude.

In the second part of the project a comprehensive feld test was made and evaluated. |18
district heating pipes of 12 m length were backfilled with three different materials and
were subjected during an expenmenial penod of 2 - 5 months 1o both a static earth load
and repeated traffic loads, Finally, a number of the pipes were subjected 1o fifty cycles
af axial displacement, intended to simulate the lemperature movements in a district
heating pipeline.

The materials used for the bedding laver and backfill were 0-100 mm crushed material,
(- 100 mm natural gravel, and 0-8 mm crushed material. The two coarser matenals were
chosen (o represent extreme cases in using existing soil a8 backhill. The third matenial 15
in close agreement with the standard matenal and was used as reference.

3 Methods of construction

11 General

The choice of construction method is influenced by the environment in which the pipe
works are to be carried out. In an urban environment the space is ofien greatly restricted
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and it is important that the ground should be reinstated quickly and effectively. In parks
and natural ground the surfaces are relatively easy Lo get 1o and there is less need for
early reinstatement.

This report studies construction methods in three eavironment types: city centre,
suburban area and park ground (outside a town).

32 City centre

Space in city centres s often constricted, and many players must agree regarding the
space availoble. This means that pipe works must encroach as little as possible on
existing spaces and must in addition be carried out quickly and effectively. The existing
sirfacing must be reinstated as soon as possible after the works are finished. No
seftlements in the ground surface are usually accepied. An example of a pipe trench
section in o city centre nrea is shown in Figure 3.0

City centre

Kerb

Road pavement

Figura 3.1  Example of pipe lrenich section in oty centre. Pipe dimansion DN 150

In order that backfilling with existing matenal may be camed out effectively. 1l 15
necessary for excavated soil 1o be stockpiled near the excavation. In a city centre
environmenl it is not normally possible to pile up the excavated soil near the trench, but
it must be removed, This also means that all fill material must be camed to the pipe
trench from borrow pits,

In order to make substantial changes to pipe laying methods 0 a cty centre
environment, it is necessary to make radical modifications to current technology. Such a
modification would be to develop the technique for jointing the service and casing pipes
and 1o shonen the time taken by these operations. IT this could be done at approximately
the same rate as excavation and backfilling, it would be possible to reduce pipe laying
time considerably. Excavation and backfilling could then be made mn a continuous
operation without intermediate storuge of the excavaled matenial, provided of course
thirt this is suitable for use as backfill. The pipe trench would then have to be kept open
for a distance not exceeding two pipe lengths, and the whole laying procedure could be
made more efficient.



This laying method presuposses that the excavated matenial is a friction soil since this
can be compacted. Clayey soil cannot be used owing to the difficulties of compacting
this material. Settlements in the ground surface cannot be avoided, which would not be
acceptable in this case.

i3 Suburban areas

In a suburban environment there is generally more room than in the city centre, which
means that it 15 easier 1o find space near the pipe trench where the excavated matenal can
be stockpiled. Since traffic mobility requirements are less stringent in such areas, pant of
the street can for instance be closed wnd used for stockpiling the excavaied material, See
Figure 3.2

Suburban area

Figure 3.2 Exampils of pipe lrench section in suburban area, dimension DN 50

In suburban arcas the excavation can usually be kept open over a longer distance than in
the city centre, and this makes for more rational pipe laying. If the space ai the side of
the pipe trench so allows, the pipes can be welded together to lengths of about 50 m and
jointed on the ground surface before the trench is dug. The pipes are then lifted into the
trench. Welding and jointing can in this way be done considerably faster and more
rutionally than down in a constricted pipe trench. And if the existing excavated material
can also be used as backfill, further time can be saved.

In suburban areas some settlement of the ground surface can also sometimes be
wlerated, especially if surfacing can be laid a year or so after other eanthworks and
surfacing works are finished. This means that the backfill material could be subject 1o
less stringent requirements than in city centre siles.

a4 Parks and natural ground

In parks and natural ground appreciable economic gams and tme savings can be made if
the existing excavated material can be stockpiled inside the working area and reused,
Apart from the reduction in transport costs, there are also secondary positive elfects,
There is less need, or no need ol all, 10 construct new transporn routes for heavy vehicles
and to fell wees and clear the ground. In these areas there s usually no difficulty in
finding suitable sites for stockpiling excavited soil near the pipe trench. Usually there is



also room to weld wogether and joim long lengths of pipe on the ground surface before
the pipe rench is dug. and to effectivise pipe works in this way. The section of the pipe
trench can for instance be as in Figure 3.3,

Figura 3.3 Exampile ol pipe lrench seclion in a park, dimension DN 250

4 Economy

4.1 {seneral

The following discussion 1s based on Swedish condions regarding the cost of buying
and removing excavated soil etc,

The total construction cost of a district heating pipeline varies considerably depending
on where the pipe 18 lnid. According 1o [4], the cost of the most expensive pipe laving
operation in a city centre environment is 10 times as high, or higher than, the cost of
work in the least expensive natural ground.

Figure 4.1 - Figure 4.2 set out the costs of pipe laying in a city centre and park ground
respectively according to [4], It 1s seen that the proportion of the total cost attributable to
carthworks and construction works is high in the case of small pipe dimensions but
smaller in the case of larger pipes.

In the following, only the possible savings due to the use of backfill subject to less
stringent specifications have been considered. As far as the bedding layer 15 concerned,
it has been assumed that materials will be subject 1o the same requirements as atl present
in view of the high risk of damage when the pipe 15 laid on a stony or uneven and hard
bed. However, in the case where the boitom of the excavation is a soft soil free of
stones, the bedding layer can be repliced by a blinding course of sand irespective of the
type of backfill material used. The other fill material in the pipe trench is assumed to be
the same in all the alternatives, and its cost is therefore not taken into consideration in
the economic comparisons.

The cost of buying fill material and removing excavated material vanes steeply between
different areas of Sweden. In the following calculations it 15 assumed that material from




borrow pits costs SEK 1300 m?, and removal of excavated material ca SEK 60¢m?. These
prices hold for the Malmd region in the south of Sweden in 1996,
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Figure 4.2  Pipe Fne cosls i park grouwnd according 1o [4]

4.2 City centre

Pipeline costs are highest in city centre areas. This s mainly due to the very high
construction costs, primarily reinstatement works, precautions relating 1o existing
services, and traffic control. According to [4], construction costs account for ca 60% of
the total cost for the smaller sizes, and for ca 50% for the larger pipes

According to Figure 3.1, a district heating pipe, DNI150 and outside diameter 315 mm,
is surrounded by ca 0.7 m? backfill per metre run. If the excavated material can be



stockpiled near the pipe trench and if the existing material can be used as backfill, the
saving in cost is ca SEK 130/metre run.

According to [4], the cost of canhworks and construction works for this example is ca
SEK 2700/m. The total cost is thus ca SEK 460{/m of pipe. The use of existing material
therefore reduces the cost by less than 5%. In the normal case it is however probably
difficult 1o find room for the excavated material near the pipe trench. This necessitates
transport and handling at an intermediate storage place, which further reduces the above
saving.

4.3 Suburban areas

According to [4], the total cost of a district heating pipeling in suburban areas is ca 60%
ol the total cost of the same pipeline in a city centre environment. The main reason for
the low cost is the reduction in construction costs.

A common dimension in suburban areas is DNSO and an outside diameter of 160 mm
which requires ca 0.4 m? backfill per metre according to Figure 3.2 With the same
reasoning as above, use of existing material results in a ca 9% reduction in construction
costs (according to [4], ca SEK 90(0Vm), provided that the material can be stockpiled
near the pipe trench. See Figure 4.3,

4.4 Parks and natural ground

Costs in parks and natural ground are ca 10% lower than in suburban areas. The cost of
earthworks and construction account for ca 43% of total costs for the smaller sizes and
ca 35% for the larger sizes.
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Figure 4.3 Savings in suburban areas and in parks

The pipe studied in parks and natural ground has the dimension DN250 and an outside
diameter of 500 mm, requiring ca 1.0 m? backfill per metre run of pipe, as shown in
Figure 3.3, In the same way as in the above example, use of existing material results in
a ca 19% reduction in construction costs (ca SEK | 100/m according to [4]). See Figure
4.3, To this must be added the savings which can sometimes be made in other
carthworks, for instance when there is no need to construct special haulage routes for




heavy vehicles, This potential saving may be considerable in the individual case and
result in a much larger saving than that above,

5 External loads

LN | Earth pressure

The magnitude of vertical earth pressure on a buried pipe is govemed by a number of
factors, Two factors of great significance are the relationship between the stiffness of
the pipe and the soil, and whether the pipe is laid in a trench or in an embankment.
These conditions are illustrated below.

When the pipe 15 laid in a narrow rench, the loads acting on it are set out in Figure 5.1,

Figira 5.1  Loads acting on pipg in rarow french

The conditions in 4 narrow trench are characterised by slight settlement of the backfill,
resulting in upward friction forces along the walls of the trench which reduce the
verticil load on the pipe. If the backfill at the side of the pipe is not compacted properly,
most of the vertical load ut the level of the crown of the pipe will be carried through
arching action by the pipe if it is stuff. The load on the pipe can then be expressed as

Q; =C, -y B kN/m (5.1

C, = trench load factor

b = density (ca 19 kN/m” for sand)
B = width of trench
g
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Figure 5.2 Pipe in trench. Load factor Cg According fo [5]



The value of the trench load factor C, depends on the angle of intemal friction of the
backfill material and the coefficient of friction between the fill and the trench walls. The
value of C, for different [ill materials is plotted in Figure 5.2, see [5]. The value of the
load factor is greatest for clay and least when the backfill is a friction soul.

When the pipe is laid in an embankment. a stff pipe is deformed less than the fill at the
side of the pipe. The column of earth right above the pipe will therefore settle less than
the surmounding fill, and will therefore be subject o downward ventical friction forces
which increase the vertical load on the pipe. See Figure 5.3,

1 want it i
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Figure 5.3 Fipe in fil

The load on a pipe laid in an embankment 15 to a great extent governed by the settlement
conditions around the pipe; see [5]. These are defined by the coefficient of settlement

A

_(Am+Aj)—(Al+Af)

A
T:-d Am ':5--]
where

Am = consolidation of fill (depth a-[3) a1 the side of the pipe

Aj = increase in settlement of subsoil at the side of the pipe

Al = compression of pipe due to carth pressure

Af = increase in settlement of subsoil under the pipe

For a suff pipe, Al = 0, and for a firm subsoil &) is approximately equal 1o Af. In such a
case 1= 1. The value of ryy may also be greater than 1, for instance if the pipe is laid on
piles. The value of a for stuil pipes is usually assumed (o be equal to 0.85 which
represents the case when the pipe is effectively embedded along its bottom quarter
circumierence.

The greatest load on a pipe laid in an embankment occurs when the fill is a friction soil
with a large angle of internal friction. The load on a pipe laid in an embankment can be
wrillen

Q=G v D (5.3)
where

Ch = embankment load factor

T = density of fill, kN/m’

D = outside diameter of pipe, m



Values of the embankment load factor Cy, are plotted in Figure 5.4 for a normal
embankment on firm ground and for the case when the pipe is laid on piles in soft soil.
The curve for rea = 0 is also plotied: this represents the case when the crown of the
pipe settles the same amount as the fill at the side of the pipe. The latter is usually the
case for flexible pipes, e.g. buned drains of plastic materials,
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Figure 54 Embankmen factor Cy, for aifferent values of ryya. According o [5]

The influence of pipe stiffness is also evident from Figure 5.4, The curve for ryea = 0
represents the case of a flexible pipe, 1e. when the crown of the pipe settles the same
amount as the fill at the side of the pipe. The load on the pipe is then equal 10 the weight
of the column of earth above the pipe,

For distnct heating pipes in accordance with 1o EN 253 [ 1], pipe stiffness s normally so
high that loads should be calculated as for suff pipes.

Distriict heating pipelines usually consist of two pipes, and in most cases there are two
parallel single pipes. A typical pipe trench for plastic pipes is shown in Figare 5.5,

The vertical load on the pipes in a trench as in Figure 5.5 is calculated as for the
embankment case.
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Figure 5.5 Fipe trench for two pipes



In practical design it is in most cases sufficient to caleulate the vertical load due to the
weight of carth for a stff pipe in an embankment by the following approximate formula:

Oy = 1L.67 - yHD kN/m (5.4)
ar
gy = QD = 1.67 - vH kN/m"

Earth pressure at the sides of the pipe is usually lower than that on the crown and the
bottom, The magniude of horizontal eanth pressure depends 1o a large extent on the
stiffness of the pipe and the degree of compaction of the fill. For a stiff pipe in a narmow
trench where the fill is poorly compacted, the honzontal pressure is practically mil while
in an embankment fill it is approximately equal o the earth pressure at rest. The
horizontal pressure Qy, on the pipe wall can be expressed as follows:

h=K g (3.5}
where

K = garth pressure coefficient

Qi = vertical earth pressure at the centre of the pipe

For a sulf pipe the pressure g, 15 somewhat lower than the overburden pressure, i.¢. the
weight of the carth above due to the “negative” arch action which arises in the earth
above a stiff pipe. For a stff pipe. the earth pressure coefficient K varies between 0.3 for
active earth pressure and 0.5 for earth pressure at rest, If the vertical earth pressure is put
equal o the overburden pressure at the crown of the pipe instead ot the centre of the
pipe. the horizontal pressure on the sides of the pipe can be caleulated from

qu =05 -y H kN/m* (5.6)

For a district heating pipe the vertical foundation pressure at the bottom of the casing
pipe 15 also appreciably dependent on embedment. IF the pipe 15 lnid on a hard ot
surface withoul being packed underneath and without compaction of the serrounding
fill, the angle of contact with the subsail will be very small and the foundation pressure
high. Since it is difficult to compact the backiill in the wedges between the bottom half
of the pipe and the bottom of the trench, it is assumed for a stff pipe that the contact
angle 15 907 when the pipe 1s packed undemeath as specified in Mark AMA 83 (General
Material and Workmanship Specifications for Earthworks) [3]. For a compressible pipe
which is ullowed to deform, the contact angle is approximately 180” when it is packed
undermeuth with friction soil.

The distribution of vertical and horizontal eanth pressure on o plastic distnct heating
pipe is illustrated schematically in Figure 5.6

If the bedding layer below the pipe is hard and uneven, pressures at the bottom of the
pipe may locally be much higher than those shown in Figure 5.6, It is thercfone essential
that the pipe should be laid on o well levelled and soft bedding laver or o soft levelled
trench bottom.

1
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Figure 5.6 Schemalic Wustration of vertical amd honzontal earth pressare on & skl pioe

In district heating pipes with foamed PUR insulation the radial stiffness is normally
greater than the veriical stffness of the surrounding fill. Unless special measures are
taken in packing undemneath the pipe and compacting the backfill, it s recommended
that the contact angle be put equal 1o 90°,

5.2 Traflic load

The effect of traffic load is described in [6]. The following is an extract from this
publication

In Sweden, the National Road Administration has set out in BRO 94 the load
assumplions 10 be used in designing bridges, Four cases are given for traffic load, of
which equivalent load types | and 2 are of interest in designing bunied pipes.

Equivalent load type 1 consists of 2 load group with three axle loads each of 210 kN
at distances of 1.5 and 6.0 m and a uniformly distributed load of 3 kN/m?, Each axle
load comprises two wheel loads at a distance of 2.0 m, and the wheel load is 5 over
a rectangular area measuring 0.2 X 0.6 m. The axle loads include a dynamic increment
ol 0%,

Equivalent load type 2 consists of one axle load of 260 kN spread over two wheel
loads of 130 kN each at a distance of 2.0 m. The wheel loads are spread over the same
rectangular area as in equivalent load type 1. The axle load in this case includes a
dynamic increment of T5%.

It is assumed that dispersal of load in the ground is calculated according o Boussinesq's
theory. The verntical pressure o, at a depth H in the ground due to a point load on the
surface 15 calculated as follows:

3
= 2 S -cos b (3.7}
arn-H*

where [ is the angle between the vertical and a line connecting the point load and the
point where the vertical pressure is caleulaed.

The size of the area over which the load scts (L6 x 0.2 m) has a certan significance
when the fill is of small depth.

L I

I2



Singce stresses in the ground are dispersed in such a way that traffic load on a buried pipe
has a non-uniform distribution, see Figure 5.7, the pipe is designed for a mean load g,
along a certain length L. For stiff pipes L s normally taken to be equal to 1.0 m. For
compressible pipes with small depths of fill, this is however considered to give far too
favourable a picture since load has not been dispersed to such an extent that averaging
over | m can be considered justified. In this case, the mean load over a length L of the
pipe 15 therefore calculated as follows:

HforH = 1.0m
T ll0forH =1.0m

where H is the depth of fill.

(5.8)
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Figure 5.7 Distnbution of vertical pressure due lo Iraffic load on the pipe
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Figure 5.8 shows the mean pressure gy, for equivalent loads type | and type 2 for a pipe
of 300 mm outside diameter. As will be seen in the figure, for small depths of Gl it is
type 2 that is the design eriterion, and for large depths type 1.

The pipe diameter has little influence on the mean pressure when the depth of fill is large,
but its influence increases as the depth decreases, The mean pressure set out in Figure 5.8
can however be used in design for depihis of fill of 1.0 m and upwards for pipes of 100 -
500 mm outside diameter since the error is limited 10 ca 10%. Figure 5.8 (b)) sets out the
caleulited traffic load for depths of fill below 1O m for equivalent load type 2 which is
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then the design criterion. Account has also been taken of the fact that whee! loads are
spread over a surface measuning 0.2 x 0.6 m which exens an influence when depths of
fill are small.

The equivalent loads include a dynamic increment. It is assumed that in soil the dynamic
increment decreases lincarly with depth, so that it is equal to zero at a depth of 6.0 m
below ground level (VAYV P43), The calculated mean pressures must therefore be
multiplied by a reduction factor as follows:

Equivalent load type | @ =(1.60 - H/10)1.60
Equivalent load tvpe 2 a=(1.75- H/B)V1.75
where H = depth of fill

When a stuff pipe i1s placed in more compressible backfill, the pipe will give rise 1o a
disturbance in stress distnbution so that a pressure concentration occurs above the pipe.
The calculated mean pressure at the level of the erown of the pipe is therefore multiplied
in accordance with the recommendations in VAY P43 by a concentration factor {1+K)
in order that the load on a completely stff pipe may be obtmned. The values of ihe
factor K are as follows:

H H
0.7- for = 45
k={ 4D E"H (5.9)
0.7 for D = 4.5

The design traffic load on a stlf pipe can then be calculated as the product of the
influencing factors:

Qu =9, Dal+K) kN/m (5.10)

53 Transverse displacement of pipe in the horizontal plane

At and near bends, a district heating pipe surrounded by backfill undergoes transverse
displacements in the horizontal plane due to lemperature variations in the pipe. The
magnitude of these movements 1s primarily dependent on the method of installation and
the pipe dimension.

The results of field tests on two pipe sizes, DN4D and DNIS0, lud with & backfill of
compacied and uncompacted sand, are set out in [7). The pipes were subjecied to
mechanical sideways displacement.

Figure 5.9 sets out the measured and caleulated honzontal earth pressures on the pipe
wall for different displacements. It 1s evadent that the measured eanh pressures are in
relatively good agreement with those calculated for compacted sand backfill, while they
are ahout only half as large as those calculated for uncompacted backfill. The number of
tests was however quite small, and it is therefore recommended in [7] that no far
reaching conclusions should be drawn from these results for uncompacted backfill.
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Figure 5.9 Caiculaled and measured horizontal earth pressures in loading fesis in the feld. [7]

54 Stones in contact with the pipe

The pipe luyving instructions which are present applied for Swedish distniot heating pipes
prescribe that backfill must consist of stone free friction material of 8 mm maximum
particle size. This provides a favourable pressure distribution around the pipe and there
are no high local point loads on the casing pipe. II the backfill contains stones or if the
pipe is laid on o stony bedding layer. the casing pipe will be subjected to point loads of
VAIying sizc.

The farce exerted by the stone on the pipe wall may be assumed to be proportional 1o the
carth pressure multiplied by the projected area of the stone perpendicular 1o the wall,
provided that the stone 15 well embedded in homogencous soil. The comtact pressire
between the stone and pipe wall is however dependent on the size of the contact area
and ¢an be caleulated from the following expression:

Ay

q"'=A2'q (5.11)
where

u = COnLECt pressure il stone, kN/m*

q = carth pressure, kN/m’

A = 1ol projected stone area perpendicular to the pipe wall

A; = gonlact arca between stone and pipe wall

The earth pressure ¢ is the earth pressure acting on the stone. 11 it is in the fill next to the
pipe wall, the earth pressure can be approximately calculamed according to the method
sel oul in the previous section concerning the effect of load due to earth pressure, traffic
lowd and horizontal displicement of the pipe,

The earth pressure on the pipe vanes as shown in the previous section. Because of ths,
the foree exerted by a stone will vary depending on where in the fill it is situated. Table
3.1 set= our approximate values of the force exered by stones of assumed square surface
situated in different positions around the pipe, It is assumed that the depth of fill above
the crown of the pipe is 1.0 m and the pipe dimension is DN130/315. The fill at a bend




in the pipe 15 assumed 1o be compacted and the sideways movement is assumed 1o be 10
.

Table 5.1  Calcwlated contact forces between sione and pipe

Contoct force, M
Sdestie s Position ol st Earth Eanh + traffie At 5 henid
i side fengih) mm {withou
fraflic)
B Crown 2 7 2
Sade i i i3
Baodiom i g k]
S0 Crown LR 272 B3
Sade 23 120 A
Basitom I8 1L e |
LK Crioawe 330 LT 130
Side (L) 440 20K
Riwliiiem 470 123 AT

It is seen from Table 5.7 that the contact force increases wilh increasing stone size,
Broadly speaking, the increase 15 propomional 1o the area of the stone, L.e. proportional
to the square of the side length.

It 1s evadent from Fable 5./ that the most dangerous position for a stone is at the bottom
of the pipe, with the exception of that part of the pipe which is near a bend where a
horizontal displacement takes place. The contact forces at the bottom of the pipe have
been caleulated with relatively favourable assumptions, i.e. that the pipe is positioned on
a uniform bedding layer along s entire length and that the foundation pressure is
distributed over the botiom quarter circumference of the pipe. Conditions are
considerably more severe (f the pipe is laid on o harnd ond yneven trench bottom or
bedding luyer since contact forces will be substantially higher locally.

It is also evident from Talde 5.7 that there is a risk that forces exerted by stones at the
sides of the pipe will be high on those sections of the pipeline which undergo a
horizontal displacement near a bend. The forces have been calculated on the assumplion
that the force 15 not influenced by the magnitude of deformation or indentation. In
reality. contact with a stone will cause a local indentation in the pipe wall which will, in
urmn, give nse 1o o redistribution of the contact pressure, so that the pressure exernted on
the stone decreases as the deformation increases. The forces and contact pressures sci
out in the table are thus extreme values applicabe to a completely stiff pipe wall. In a
plasiic district heating pipe, the deformitions are so large thal the contact pressures ane
probably lower than those above. The values in the table do however illustrate the
significance of stone size with regard to contact pressure between pipe wall and stone.



6 Field tests

6.1 Test site

The tests were carried oul at a rock crushing plant in Goteborg. The test site was made
available by courtesy ol the plant manager
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Figure 6.1 Sketch plan of test side, North i to the right

The site was convenient from several respects, mamly because of the mensive internal
iraffic with very heavy vehicles which was essential in order that the tests may be
performed with the desired traffic loads, The close sccess 1o different types of gravel
and stone matenal and the remote position of the site were also valuable considerations.,

6.2 Scope

Seven different types of district beating pipe (a2 wotal of 18 pipes) made by Powerpipe
AB were used in the test. All pipes comprised a steel service pipe of 76.1 mm diameter
(DN65) and a polyethylene casing pipe of 160 mm nominal outside diameter. Most of
the district heating pipes had casing pipes made from a traditional polyethylene material,
Borealis HE2467 BL., but three pipes, 5b, 6b and 10b, had casing pipes made from a
more recent imodal” matenial, Borealis HE3470,

Based on the standard pipe in accordance with EN 253 | 1], with a wall thickness of 3.0
mm and PUR strength of 500 kPa, the following types of district heating pipe were
miade:
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Table 61 Types of district heating pipe

Pipe number MNominal wall MNominal PE matenal
(sce Figure 6.1) "I','E'_‘;ﬁ!:' ‘““‘m;"r;u";fﬂ“‘

2.7.18 4.0 mm 300 kPa HE2467 BL
3,8, 17 4.0 mm BO0 kPa HE2467 BL
4,916 2.5 mm 300 kPa HE2467 BL
5.10, 15 2.5 mm B0 kP HE2467 BL
l, 6, 19 3.0 mm 500 kP HE2467 BL

&b A0 mm 500 kPa HE3470

3b, 10b 2.5 mm s kPa HE3470

The sctual values of casing pipe thickness and PUR insulation compressive strength
were in many cases appreciably different from the nominal ones. Unless otherwise
stated, the nominal values are used in the references to the different types of pipe (e.g.
"2.5 mm/B00 kPa™).

For the test, a 12 m wide road pavement was constructed. divided in the longitudinal
direction imo three strips each of 4 m width, in which the following backfill muterials
wiere used;

® Material Mo 1: 0=100 mm crushed matenal
o Mutenal Mo 20 0= 100 mim natural materal
o Material No 3 0-8 mm crushed matenal

Grading curves for the different materials are plotted in Figuere 6.2,
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Figurg 5.2 Grading curves Tor the backill materals
The materials were chosen so as 10 cover even extreme backfill materials, and in the

hope that clear indications would be received concemning the effect of the backfill
material with regard to indentation and scratches on the polyethylene pipe.
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In erder to illustrate further the influence of the backfill, the pipes were laid atl different
depths. One group, pipes Nos | - 12, were laid at a depth of 0.6 m, and the other group,
Nos 13- 19, at adepth of 1.0 m.

Two of the district heating pipes were constructed with three joints each, The joins
were positioned so that there was one joint in each boackfill material. The jointed pipes
are Nos | and 6, and the joint tvpes are Dual Seal and Powerbond.

The following measurements were made:

o Continuous measurement of radial deformation of casing pipe and service pipe
due 1o traffic load (passages by dumpers with 22 1onne axle load)

* A number of the buried pipes were subjected to axial displacement
perpendicular to the longitudinal direction of the road by means of jacks in
order to simulate thermal expansion movements which may arise in a district
heating pipe system due to vanations in hot waler temperaiure.

* The casings of the pipes were examined for indentation damage due to earth
and traffic load and seratching due 10 the axial displacements.

s The joints were subjected to leakage tests after the vehicle passage tests had
fimished.

6.3 Test procedure

Tests commenced in May 1996 and termuinated in November 996,

The fEll over the pipes was paved with a ca 120 mm thick asphalt surfacing with
elevaied binder content in order to resist the loading imposed by the intermal dumper
traffic in the plant, vehicles with ca 220 kN axle loads. These vehicles are used inside
the plant area mainly (o haul crushed rock material. The asphalt surfacing was thicker
than that vsed in a more normal street surfacing, but the traffic consisted of vehicles
with considerably higher axle loads than those permined on public roads. The effect of
raffic on the pipes was 1o some extent attenuated by the thick surfacing, bul it is
nevertheless considered to have been more unfavourable than the loading to which
district heating pipes ane subjected on public roads.

In onder to measure the compression of the PUR insulation, trinsducers were mounted
inside the insulation between the service pipe and casing pipe.

The number of vehicle passages was recorded vsing a photocell, inended for traffic
counts, mounted on one side of the carmageway, Compression of the district heating
pipe was recorded with 4 datalogger once an hour during the test period.

After about 2 months and 2000 vehicle passages, pipes Nos | - 5b were dug up. The
polyethylene pipes were visually examined on the site. The pipes were taken o the
Mechanical Department of the Swedish Nutional Testing and Research Institute in
Gititeborg where the pipes were subjected to further investigation with regard to e.g.
shear strengih ot different positions along the pipes.

After 5 months and a total of ca 8000 vehicle passages, 5 of the pipes were subjected 1o
the axial displacements described below. All pipes were then dug up. These were also
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subjected to an initial examination on the test site. The shear strength of these pipes was
also determined. The joints in pipes Nos | and 6 were also subjected (o leakage tests.

Alter the vehicle passage tests had been finished and before the pipes were dug up,
pipes Nos 9, 10, 10b, 15 and 16 were subjected to axial displacements through the road
pavement. This was performed using two jocks mounted at one end of the pipe. The
force of reaction was provided by a frame of steel sections which was anchored in the
rock. The axial movements were recorded with 1wo positional transducers. One was
maotnted so that displacement of the steel pipe relative to the ground could be recorded.
Shear in the PUR foam was checked by measuring, with the other transducer, the
displucement of the polyethylene pipe in relation to the steel pipe. The force applied 1o
the pipe was recorded by an electric pressure transducer connected to the jacks.

In order o gain an idea of the friction force contributed by the different backfill
materials, pipes Nos 9 and 10 were subjected to displacement tests after some of the
backfill had been removed, Displacement tests on pipe No 10 were made after backfill
material No | had been removed, and on pipe Mo 9 after both backfill materials Nos |
and 2 had been removed.

Alter the tests the pipes were dug up and examined for indentation and scratches.

6.4 Measuremenis

Radial deformation of the district heating pipes wis measured with positional
transducers mounted in the pipes. Figure 6.3 shows an example of the development of
COMPression over time.

There is very hittle compression of the pipe insulation: ot most, ca 0.5 mm (PE 4 mm,
PUR 300 kPa, pipe No 18L It is evident from the measurements that most of the
compression occurs already when the backfill is compacted, and that, ence traffic
loading has been applied, the deformation relatively quickly reaches an approximately
constant level.
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Frgure 6.3  Radial compression al ransducer placed in the 3 m pesiion a2 a funclion of the
number of vehicke passages
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Figure 64 Apptied axial force per melre of disirict healing pipe as a funclion of the axial
moverment of the sieel pipe during e first displacemant opcie

During the first displacement cyele the compressive and tensile forces were measured
with a pressure transducer connected to the jacks. The positional transducers measured
the displacement of the steel pipe relative 1o the ground, and the relative displacement
between sieel pipe and casing pipe. Examples of force-displacement curves are ploticd
in Figure 6.4 above.

The force-displacement curve shows that the force increases until a certain "critical”

deformation has been reached, after which displacement continues for only a small
change in force.
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Figure 8.5 Appited axial force par malre of distnct healing pipe as a funchion of shear
daformation in the PUR foam (diference batwean axal movarmenis of steel pipe

il cRsing pipe) during the first displacerment cycle

Shear deformation in the PUR foam has a broadly hinear relationship with the applied
force. Approximate calculation of stresses in the PUR insulation near the service pipe
gives Tpr = FA2rrL) = 37.7 kPa.
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Figure 6.6 Appiied axial force per meire of pipe and axial displacement of steel pipe as
funciions of trme during atternaring movements

The results of tests with alternating displacements show that the force required to
produce a cerain displacement decreases with the number of cycles (see Figure 6.6).
This may be interpreted as the result of the progressive loosening, near the pipe. of the
road pavement which had been consolidated by compaction and traffic load.

The coefficients of friction for the different backfill materials were calculated as the
ratio of the applied axial displacement force to the caleulated normal force on the
surfoce of the casing pipe.

Measurements from the altemating displacements show that the foree required 1o displace
the pipe progressively decreases with the number of displocements. It is the final measured
value of this force which is used in calculating the coefficients of friction.

The two tests used in the calenlations were those in which one and two matenal tvpes
hisd been removed before the displacement tesis were performed. The coefficient of
{rtction was thus first caleulated for material No 3 (displacement of pipe No 9, materials
1 and 2 removed). This coefficient was then used in determining the friction for matenial
No 2 (displacement of pipe No 10, material No | removed), after which the coefficient
of friction for material No | was caleulated (displacement of pipe No 10b). The
procedure adopted must be considered 1o be subject to a greal measure of uncenainty
but it can give an idea of the relationship between the friction propertics of the different
miaterials. It is evident that the natural matenial exeris the greatest restraint force, which
miy be due 1o the more extensive stone indentations found on the section of pipe in this
material. See Figure 8.1,

The coefficients of friction were calculated according 1o both Andersson et al [B], see
Table 6.2, and the procedure proposed in the present draft EN stundard 9], see Tuble
6.1,

The calculated coefficients of friction are consistently higher than what is normally
assumed in determining the friction lengths when pipelines are designed. As described
above, the coefficients of friction are unreliable and cannot be used as the basis for
changing the design procedure according 1o [8], Reasons for the high values may be thai
the material used was abnormally coirse grained (materials Nos 2 and 3) and that the
high trafTic load probably gave rise to abnormally good compaction of the backfill. The
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results obtmned are interesting and should be followed up by 1ests better designed for an
imvestigation of the coefficients of friction alone.

Table 62  Coefficients of friction, calculated according fo (8]

Material Coefficent of foction
1: Crushed material, 0 - 8 mm (L63

2: Natural material, 0 - 100 mm 10K}

3: Crushed material, 0 - 100 mm 071

Table 6.3 Coefficients of friction, calculated according fo [9),
Muterial Friktionskoefficient
1: Crushed material, 0 - 8 mm 0,73

2; Nutural material, 0 - 100 mm 1.16

X Crushed material, 0 - 100 mm (.83

7 Changes in the properties of the pipes

7.1 Density and compressive sirength

The initial properties of esch type of district heating pipe were measured on unloaded
reference pipes manufactured at the same time as those used in the field tests. All
measurements were made at the Mechanical Department of the Swedish Testing and
Rescarch Institute, Goteborg.

The properties measured were the density of the PUR insulation, compressive strength
i the radial direction, and axial shear strength. In order to obtain a proper understanding
of how these properties change along the pipe, measurements were made at 10 sections
spaced uniformly along half the length of the pipe. Measurements were concentrated on
only one half of the pipe in view of the fact that during manufacture of the pipe the PUR
foam is introduced through a hole at the midpoint of the pipe. There is therefore good
reason o assume that the thermomechamical properties vary symmetncaly about the
middle of the pipe. In view of the fact that measurements were made on three test
specimens from each section, the total gquantity of data provide a very good
representition of how properties vary along the pipe. The way the core density and
compressive strength vary along the pipe 15 set out for one of the pipes in Figure 7.1,
The limiting requirements according 1o EN 253 [1] are also plotted.

In some of the reference pipes there is a large scatter in compressive strength for PUR
foam of substantially the same density. Since this could not be explained by uncertainties
i measurement, a special series of measurements were made to see whether anisotropy in
the PUR foam might be the reason for this scatter. Such anisotropy may be thought 1o be a
consequence of the formation of local onentations in cell structure dunng the foaming
process. Measurements concentrated on the compressive strength of the material which
was determined in three mutually perpendiculir directions, radially, tangentially and
axially. The tests were made pipes Nos 1-5b.
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Figure 7.1  Distribution of density and compressive strangth along the pipe
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Figure 7.2 Comprassive sirenglh in axial, radial and tangential dirschions

It is evident from Figere 7.2 that the PUR foam is in most cases about twice as strong in
thie axial as in the tangentinl direction, and that the radial strength is approximately a



miean value. This elearly illustrates & pronounced anisotropy in cell structure and serves
as an explanation for the unexpectedly large variation in compressive strengihs,

7.2 Axial shear strength

In order to find whether the bond between the PUR foam and, primarily, the casing pipe,
had deteriorated during the field tests on the district heating pipes, the shear strength was
measured on specimens taken from those paris of the pipes which had been exposed to the
greatest traffic loads, i.e. below the lanes which had been used by the dumper traffic.
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Figure 7.3  Axial shear strenghh, comparison between reference pipe and pipes in the lest

For most pipe types. the shear strength exhibits only insignificant changes. as shown in
Figure 7.3, In several cases improvements in shear strength were even measured. On the
other hand, district heating pipes with the casing pipe made from the material HE3470
consistently show a deterioration in bond after loading. It 1s worth pointing out in this
context that no corona treatment, which can appreciably improve bond strength, wis
performed on any of the pipes,

73 Watertightness of joints after field tests

In leakage tests in accordance with EN 489 [10] on the joints of types Dual Seal and
Powerbond which pipes Nos | and 6 contained, all joints were found to resist an
external water pressure of 35 kPa for 24 hours without any signs of water ingress.

] Damage

B.1 Permanent indentation in the casing pipe

I a backfill material which contains some larger stones, a badly placed stone may give
nise o large local forces on the pipe and cause an indentation in the casing pipe. Even
though this does not immediately cause failure, the stress concentration in the
indentation zone may initiate erack growth which, if it continues over u long period,
may cause breakdown. Figure 8.1 shows the numbers and sizes of the permanent
indentations in the casing of pipe No 16.
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Figure 8.1 Number and depth of parmanent indentations, pipe No 18 (2.5 mmy300 kPa, 1.0 m)

In order to obtain a better wdes of what happens to the pipe near a highly deformed
indentution zone, 4 series of indentation fests were performed in the laborstory. The
tests were designed in order o simulate a possible real load combination, but to be
nevertheless so simple that the conditions may be easily described as the background 1o
gualitative and quantitative resulis,

The indenter was o steel ball of 25 mm diameter which, in & MTS B10 universal testing
machine, was forced radially agamnst the PEH casing of the pipes studied in the pmject.
One test was made on each type of disinet heating pipe. The maximum depth of
indentation was 10 mim, and the rate of loading 1.5 mm/minute. These conditions were
selected in order to simulate conditions dunng tesis on the compressive strength of the
PUR foam in accordance with EN 253 [1], in which a rate of deformation of 10% per
munuie is prescribed.

When the indentation depth of 10 mm had been reached, the deformation was kept
constant for 170 minutes {(ca 10K seconds), after which the relaxation of the applied
force was recorded.

Similar tesis were also performed on district heating pipes with the casing removed, in
order o gain an idea of the differences in rate of relaxation in the PE casing and the
PUR foam.

During the initial stage of force application, force increases quite rmpidly with depth of
indentation. The tangent modulus (the slope of the curve) then decreases and, al a depth
of indentation of ca 2 mm, stabilises at a more or less constant value; see Figure 8.2,

The results regarding the shapes and levels of the curves are comparable with earlier
tests made by Bryder et al [11] in which different ball sizes and rates of loading were
however used.

In order to judge how stresses and deformations develop in the pipe over time, the
loading situation must be defined. It has been shown for buried pipes [12] that after an
mihial penod a state 15 reached where deformation s practcally constant. This implies
that the behaviour of the material at large constant strains and dunng stress relaxation is
critical for the risk of failure in the casing pipe.
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Figurg 8.2  Apphed force &3 a funclion of depth of indentalon. The resultant force from the
FEM calculation according to Subsection 8.1.2 is also plotted in the figure
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Figurg 8.3 Relaxalion of fores st constant dopth of indentation of 10 mm

Measurements of the relaxation of force in the indentation tests were made at 23°C. In
all the tested pipes, the applied force relaxed 1o ca 55-60% of its orginal value after 170
minutes; see Figure 8.3, The same also applies (o the tests in which the casing pipe had
been removed and the indenter was applied to the PUR foam alone, It would therefore
seem reasonable to assume that both materials relax in approximately the same way. and
that the recorded relaxation curves can be used in extrapolations of how forces and
stresses proceed in the polyethylene matenial and the PUR foam. Extrapolation of the
relaxation curves according 1o the formula Fi1) = [A logit) + B]! shows that after 50
vears the force may drop to ca 35%. It must be noted that the rate of relaxation of the
plustic material is highly tempernture dependent. The tests descrnibed above were
performed at room temperature. In a pipe in service, it can be expected that the casing
pipe will often be warmer because of the high service pipe temperature. This will give
rise 1o a more rapid relaxation process. It is however not certain that the rates of
refaxation in both materials change with lemperatere in the same way,

I order that an assessment may be made of the nsk of failure of the casing pipe through
slow crack growth in the indentation zone under a stone. the distribution of stresses and
strains in the polyethylene matenial under the indentation must be known. However, the
levels of stress and strain which occur in connection with stone indentations are clearly
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above the approximately linear region which can be used in rough estimates for low
lossds, This means that stresses and strains must be calculated in view of the nonlinear
behaviour of the materials. In an exact calculation, the time dependence of the materials
must also be taken into consideration. Such a calculation i1s however outside the terms of
reference of this project. It wis nonetheless considered of interest to form a qualitative
wlea of stresses in the matenial under a stone indentation. For this reason, a greatly
simplificd FEM calculation was performed in which the geometry was largely in
agreement with the laboratory tests but calculation was essentially simplified by
ignoring e.g. the time dependence of the materials.

The FEM model is made up of 6-node triangular elements which are rotationally
symmetrical with respect to the lefi hand edge in Figure 8.4,
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Figura 8.4 FEM modal. Mash and boundary conditions

All nodes have zero prescribed values along the botom boundary with respect 1o
displucements in both the x and y directions. The way the load is applied is 1o give the
nodes which are in contact with the sieel ball a prescribed displacement to the circular
are formed by the shape of the ball. In the experiments it was found that the contact
zone between the steel ball and the casing pipe was approximately 15 mm in diameter,
and this was also used in the calculations,
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Figure 8.5 Conshiuine models for polyethylene and FUR foam

The polyethylene and polyurethane materials were modelled as strain hardening
clastoplastic materials with yield eriteria according 10 von Mises [13], [14]: see Fig. 85.
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The simulastion was performed as a static calculation at full deformation, i.e. 10 mm
indentation below the centre of the ball.

It 15 evident from Figure 8.6 below that the casing pipe 15 subjected o compressive
strins ol the top and tensile strains of the bottom. This represents the expected large
flexural stresses in the polyethylene material. The strains in the horizontal direction
(corresponding o tangential or axial directions in a “real” pipe) are ca 14%. which
comresponds 1o a stress of ca 32 MPa according to the matenal description used.

Figure 8.6 Siraing in the horizonial Figura 8.7 Effective plaghc sirain
drrechion

The maximum strain in the PUR insulation was calculated as ca 76%, i.c. evidently the
imsulation is 1o some extent imeversibly compacted; see Figure 8.7,

The resultant of the reaction forces in the contact zone was calculated as ca 1840 N, in
good agreement with the experimental results; see Figure 8.2,

Since this is a strain controlled loading event, it is likely that the above strains will not
deviate greatly from real values. It s however considerably more dafficult 1o express an
opmion regarding the stresses, especially in the long term since the matenals have
temperature dependent relaxation characteristics. An approximate calculation of fMexural
stresses in the casing pipe after 50 years can be made if it 15 assumed that the entire
tension feld relaxes uniformly os in Figere 8.3, which would give nise 1o a remaining
stress of ca 0.35 x 32 MPa = 11 MPa. In this contexi, another factor of uncertainty 1s
thut the mitial stress level is dependent on the rate at which the indentation is achieved,
which may be difficult to judge in a real case,

In order that the service life of a casing pipe subjected to large local indentations may be
predicted, it 1s necessary to know what the behaviour of the polyvethylene matenial s
under large constamt strmins of long duration. There are very few reports of such
investigations. An early investigation is reported in [12]. It has however been impossible
to find similar measurement results for today's polyethylene materials.

A comprehensive imvestigation regarding stones in contact with casing pipes has
recently been published in Denmark by the Research commiftee of the Ministry of
Energy for the production and distribuiion of electric power and heat [11]. As in this
report, o study s made of the effect of short term indentations on cold pipes. The resalis
of a large number of measurement series with different indenters, rates of indentation
and district heating pipes of sizes ranging from 90 mm to 630 mm are set out. FEM
caleulmtions were also performed on bbned pipes in order 1o find what failure
mechani=ms are crtical in different loading events. The conclusions of the report are
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that the thickness of the casing pipe on district heating pipes larger than 200 mm in size
can, with respect (o the nsk of stone penctration, be reduced to one half of that
preseribed in the current version of EN 253 [1]. No assessment is however presented of
the nisk of cracking in the polyethvlene casing pipe. nor have any data been presented or
referred 1o concerning the way in which the casing pipe material behaves under large
strains of long duration.

8.2 Seratehes on the polyvethylene pipe

When the district heating pipe 15 displaced axially through the Gl matenial, the
compacted material wall scratch the casing pipe to a lesser or greater degree,
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Figure 8.8 Depih of scralch cavsed by axial displacemant

The extent of damage depends on e.g. the magnitude of earth pressure and the length of
displacement, the nature of the fill material and the stiffness of the underlying PUR
instlation. It may generally be supposed that large and sharp edged gravel fractions will
give rise o scratches of greater depth. Figure 8.5 sets oul measured scratch depths.

Figure 8.9 shows the sites of the most prominent scratches on the casing pipe of Pipe
No 16 in the different fill materials after 50 cycles of altemating movements. It is seen
from the photograph of the cross section that scratches in the "waorst”™ material (0-100
mm crushed matenial) have a maximum depth of ca 0.5 mm, Le. ca 20% of the
thickness, This is the largest measured scratch depth which could be clearly related to
the axial dispacements. The pipes also exhibit a wide range of different types of
indentations and scratches coused during transport and handling.
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Surfaca of casing pipa with scraiches

Cross sachon of scrafch as above

Figure 8.9 Scratches on Pipe No 16 (2.5 mmy300 kPa), matenal No 1 (0-100, mm crushoed
matenal). 8x magmnificaton

0 Conclusions

9.1 Construction methods, economy

As descnibed in Chapler 3, in practical construction there are a large number of
restrictions which muost be faken into consideration when laving a district heating
pipching, This is particolacly evidentl in a ity centre enviromment where there are
stringent requirements that disturbance to the surroundings should be kept to the
minimum. In such o case, reuse of the excavated maternal as backhll around the pipe
docs not result in any major savings in either time or cost. The reison is that transport
o and lrom an intermediate stockpile for the excavated soll and handling are
generally necded since there is normally no space for stockpiling along the route of
the pipe. It is not until a laying method is employed in which direct transpont of fill
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muterial from the excavation (o the delivery site is possible that an improvement in this
respect can be achieved. This would in practice require a simpler jointing technique, and
the service and casing pipes would have to be jointed in considerabty shorter time than at
present. Using such a technique, it would be possible to dig the trench, lay and joint the
pipes and deposit the backfill within a working area along the pipeline that is considerably
shorter than that required by the technique applied at present.

In parks and natural ground, the possibility of re-using excavated matenal 10 o greater
extent than today may result in considerable savings and in addition cause less disturbance
to the environment. In this case, there 15 generally space for stockpiling the excavated soil
along the pipe trench, and reuse therefore results in savings in both matenal and transport
costs. As an example, the saving in cost for a pipe of dimension DN250 has been
calculated al ca 209 of construction costs. Further savings can be made i there is no need
to construct temporary transpon roads for the haulage of materials,

9.2 The risk of damage and deterioration in the properties of the district
heating pipes

The tetal maximum compression of the PUR insulation as a result of the compaction of
the backhill maienal and the traffic load imposed on the pipe has in field tesis been
found 1o be 0.5 mm for & pipe DNGS/160, Since the thickness of insulation s 35 mm,
compression of this order will hardly cause difficulies.

At the poimis where there are major indeniations by stones, the PUR insulation is
subjected o loads exceeding the ultimiste strength even when the depths of indentation
are maowderate. Since this occurs enly where stones are actually in contuct with the casing
pipe. the effect 15 only local and will not appreciably affect the overall function of the
distriet heating pipe. The resistance of the pipe n this respect can be improved by
increasing the density of the PUR insulation and thus its stiffness and strength.

For district heating pipes with casing pipes made of HE2467 BL, no signs of reduction
in shear strength could be found. On the other hund, in pipes with casing pipes made of
the bimodal material HE3470, & reduction in shear strength could in several cases be
demonstrated alter the field tests, In addition, in axial tests on these pipes, failure
occurred in ull cuses between the PUR insulation and 1he casing pipe. It was noted that
the shear strength of these pipes was already low when measurements were made on the
reference pipes. and it is obvious that further reduction can occur due to mechanical
WCEEN.

In the case of pipes with casing pipes made of the matenal HE2467 BL. the test results in
miost cases indicate an improvement in shear strength in the pipes loaded in the feld. It is
hardly likely that this occurs because the radial compression exens 4 positive effect on the
bond strength, It is more hikely that it is some kind of posteuring of the PUR matenial thai
increases strength some time after manufacture, When the reference pipes were tested, this
wits probably nol manifested to the same degree as after 2 and 5 months,

In the tests no detenoration was found m the watertightness of joints, [t should however
be noted that none of the joints tested were subjected 1o axial displacements.

On the exted casing pipes, no domage was found which was attnbutable 1o the backfill
material and could be regarded as o probable cause of falure. Scratches and local stone



indentations of varying sizes occurred during the field tests, but these did nol puncture
the casing pipe or caused flure of the polyethylene material. It is not until information
of a more comprehensive extent 1s gvailable regarding the resistance of the polyethylene
material to high strains of long duration that it can be decided to what extent stress
concentrations and points of crock imitiation due to stone indentations and scraiches can
cause failure 10 a long term perspective. Nor is it evident how the density of the PUR
matenal alfects the overall resistance of the casing pipe. Generally speaking, depth of
indentation is smaller and flexural stresses in the casing pipe are thus lower when
density 18 higher, but in return contact pressures on the pipe are higher.

10 Recommendations

1.1 Backfill

In order w0 avoid high point loads and local deformations due 1o an uneven trench
battom, the following recommendations are made concerning the bedding layer:

A district heatng pipe shall at all times be laid on a bedding layer of minimuam 100-150
mum thickness. The bedding laver should be sand or gravel of maximum 20 mm panticle
size. I the bedding layer is also to serve as a droinage laver, not more than 3% of the
particles shall be smaller than 2 mm. If the thickness of the bedding layer exceeds 150
mim, it shall be compacted in accordance with MarkAMA 83 (General Material and
Workmanship Specifications for Eanthworks) [3]. Table C/5.

The imvesiigations made 1n this project on backfill materials containing stones with up
to ca 10O mm maximum side length showed that damage in the form of permanent
indentations of maximum 4 mm depth occurred on the casing pipes with the softest
PUR foam. In pipes with harder foam, maximum indentation was approximately half as
large. In axial displacement tests the pipes received seratches with a maximum depth of
ca 0.5 mm. Little is as yet known about the long term harmful effects of these
indentations and scratches on the polyethylene casing pipe and the PUR foam. and it is
therefore suggested that the results of the measurements should be interpreted with
some measure of caution until a larger knowledge base is available.

As regands the joints in the casing pipe, no deteriortion in watertighiness could be
demonstrated. No joints were however subjected to displacement tests, and it is
therefore notl considered that the way these are affected by movements through coarse
backfill matenals has been clurified,

Apart from providing protection against mechanical damage for the casing pipe and
joimts, the backfill must also exert sufficient friction ngainst the cosing pipe so that the
restraint forces assumed during system design of the pipeline are actually realised in the
held.

In order 10 ensure that the pipeline will have satsfaciory long term function in both
these respects, it is recommended that the backfill up to at least 200 mm above the
crown of the pipe should be of matenal of maximum 20 mm paricle size. This material
should contain not more than 10% particles smaller than 0.1 mm and the coefficient of
uniformity C, (i.e. the mtio of the sieve size through which 60% by weight of the
material passes to the sieve size through which 10% by weight of the material passes)
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shall be greater than 2. Isolited particles of 50 mm maximum size may occur, but not
adjacent W joints in the casing pipe. bends summounded by backfill or branch
connections, unless these have been given special mechanical protection or shown o
have adequate strength.

The distunce 200 mm above the crown ol the pipe is specified in MarkAMA 83 [3] for
district heating pipes and has been reproduced unaliered. The reason that this distance is
larger than c.g. the thickness of the bedding layer is that there should be sufficient
protective fill above the pipe when the rest of the fill is placed which, according 10
MarkAMA 83, may contiin stones up to 300 mm in size.

The backfill is 1o be compacted in the normal manner according to the recommendations
in MarkAMA 83 [3], Table C/5.

The Swedish recommendations [2] assume an effective coefficient of friction of 0.4 in
calculating friction forces and friction lengths. In calculating Torces at the free end of the
pipe, however, it must be borne in mind that the coefficient of friction may have a low
value, and it is normally assumed that its value may drop 10 zero. When the pipe is lnd
so that its movement is restrained by friction exerted by the backfill, the maximum
spacing of movement absorbing elements should be equal 1o (wice the friction length.
For this method of loyving, buckiill of low fnenon such as silt and clay con be used
without the design movements and forces in the pipe being exceeded. On the other hand,
when the pipe is laid so that its movement is prevented by friction exerted by the
backfill, the distance between movement absorbing elements shall be greater than twice
the frction length, and if backnll consists of fine grained soil which hos low friction
against the pipe. movements will be appreciably greater than assumed in design, Nor
can fine grained material be compacted in proctice, and considerable settlement might
therefore occur above the pipe, [or instance in a street surfacing. However, backfill
consisting of fine grained material does not cause mechanical damage 10 the casing pipe,
and can therefore be used on sections where no [riction forces are required or where
there is no nsk of domage due 1o settbement.

Backfill around bends, when the bend is enclosed in a box or surrounded by insulation
slabs and covered with geotextile, can be carmied out in accordance with the above
specifications. Bends constructed without either & box or insulation slabs can be
backfilled with the maerial specified above, of maximum 20 mm panticle size, if the
recommendations according to [7] are complied with. This means that the backfill is not
compacted over a distance equal to 10 x DN on each side of the bend. In rock or firm
sorl (hard moraine), the distance between the pipe and the wall of the pipe trench should
be not less than twice the oulside diameter of the pipe over a distance equal 1o ten times
the outside pipe diameter, measured from the centre of the bend.

As regards the requirements for backfilling around branch connections, netther this
investigation nor recent investigations into bends laid without a box or insulation slabs
[ 7] has dealt with this issve. There are thus no pew investigathion results that warmant an
alteration of present practice on this point. The existing pipe laying recommendations
[2] refer only to the altemative with a box or insulation slabs {Diagram 5). Obviously,
however, branch connections can be laid directly in the ground without a box if they are
on a hxed section of the pipe or if movements in this are small. In such cases the
requirements for the pipe trench and backifill should be the same as when a bend s lnd

34



in firm soil or rock, be. the trench is to be widened so that, for a branch connection, the
distance between the pipe and the wall of the trench is at least 2 x DN over a distance of
10 x DN, and backfill is 10 consist of uncompacted material of maximum 20 mm
particle size.

Back(ill above a level 200 mm above the crown of the pipe is 1o conform to the method
specified in MarkAMA 83 [3], Section C2.5, or to o method specified by the authonty in
charge of street works or a similar body.

102 Pipes

The investigatons show that pipes which comply, even when tested after 5 months, with
the mimmum mechamical requmrements in EN 253 [1] (300 kPa compressive strength
and 1.0 mm casing pipe thickness for a pipe of nominal 160 mm casing pipe diameter)
satisfy the requirements, even when the backfill matenial with the largest stone sizes
{ 100 mim) is used. No detenoration in axial shear strength has been found for pipes with
casing pipes made of HE2467 BL, but this has been observed in casing pipes made of
the bimodal material HE3470. It must however be noted that none of the casing pipes
tested in the project had been subjected 1o corona treatment. Such treatment might have
resulted in better bond strength. even in the case of the bimodal PE matenial.

MNeither the mdial deformastion under traffic load nor the local indentations due to
pressure by stones are considered eritical with respect 1o thermal insulation capacity and
bond between foam and coasing pipe.

The maximum measured depth of the scratchex which occurred when the pipes were
displaced axmally was ca (L5 mm. Not enough 15 known as vel concerning the nsk of
brittle fulure of the casing pipe due (o stress and strain concentrations near scratches
and local indentations, The likelihood of crack propagation through the polyethylene
casing is primarily determined by the properties of the polyethylene material, but also by
the thickness of the casing pipe and obviously by the sharpness and depth of a scratch or
stone indentation. Nor is the PUR foam without signilicance, since it is the stuffness and
density of the foam which largely determine the magnitude of deformations near stone
identations, and, in turm, this affects the magnitude of the strains in the casing pipe. The
more recent bimodal materials exhibit a considerably more ductile behaviour and better
resistance (o crack propagation than the materials normally wsed today. There is
therefore reason 1o suppose that the requirements concerning the properties of the
backfill matenal and/or the thickness of the casing pipe can be relaxed, if more siningent
requirements are instead specified for the long term properties of the casing pipe
mueral.

The recommendation is thus made conceming the polyethylene casing and the PUR foam
that when the pipe s loid with reosed backfill material, the minimum reguirements in
avcordonoe with EN 253 [1] shall be complied with until such tme as the long term
resistance of the construction to local scrstching and indentation has been better clarified.

The investigations demonstrate that all joinis are watertight afier considerable traffic
loading over 5 months. However, the joints were nol subjected to axial displacements.

It appears however that for pipes whose movement s prevemed by fnction the
construction requirements in EN 489 [ 10] are adequate when backfill material according



o the recommendations in Section [0 is used. In the coase of joints which may be
subjected to axial displacements, however, special investigations must be made of the
Joint concerned belore any recommendations can be given.

It is therefore recommended with regard (o joints that the requirements in EN 489 [10]
should be apphed, so long as the composition of the backfill material is subject (o
limstations and the joints are protected as set out in Section 1001, I in future larger stone
sizes are permitted even wound joints, the requirements concerning approval tests
should be extended so as lo comprise loading tests in coarser materials than those
specified in the present version of EN 489,
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1 Introduction

This study 15 a preliminary investigation of the mechanical properties of hydraulically
compacied coarse grained backill matenal for disinet heating pipes.

Traditionally, pipe trenches are filled with (riction soil which is compuicied in a
mechanical fashion. The compaction of the soil is necessary to avoid settlements on the
ground surface. In the case of district heating pipes, it 15 also vital 1o establish a fnction
restraint between the pipe and the backfill material in order to diminish the pipe
movements due to thermal expansion of the sicel pipe.

By using hydraulically compacted backiill, the required stiffness, strength and friction
properiies can be obtained withowt the effort of mechanical compaction. Instead, the soil
is stabilized by adding & small amount of cement and mixing it with water.

Because of the nsk of damaging the pipes, the composition of the backfill material has
traditionally been restricted to relatively fine grained fractions, typically < 8 mm.
However, recent investigations have shown that coarser material can be used under
certain conditions, and that this may lead 1o subsantial cost savings [4].

The purpose of this project has thus been to examine the hydmulic compaction used in
conjunction with coarse grained backfill matenal, and in particular to evaluate the
fnction coefficient and compressive strength of the mixture.

2 The stabilized sand mixture

The stubilized sand mixture can be charactenized a8 a concrete with a very low cement
content, The formula for | m' of the mixture has for this progect been as follows:

» Sand/stone aggregate 1550 kg
. Standard cement 20 kg
. Water approximately 100 kg

In sdditon, o porosity sdmixiure labelled Peramin L manufactured by Perstorp AB has
been used.

The mixture was prepared at the laboratory with the aid of a concrete mixer in batches
of approximately 200 litres. Water was added uniil the consistency of the mixiure was
deemed appropriate for filling the moulds,

Three different aggregate compositions (see table 3.1) with largest grain size ranging
from 8 mm 1o N0 mim have been used.




Matarial No. I 2 3

Max. grain size B mm 32 mm B0 mm
Sand, 0 - 4 mm 50 % 80 % 50 %
Crushad sfong, 4 = B mim 50 %% 25 % 16 %
Crushad siong, 16 = 32 mm _ 25 % 17 %
Crushed stong, B3 — 90 mm — — 17 %

Table 3,1  Aggregite compositions, perceniage by wanght

3 Compressive strength of the sand/cement mixture

The method for evaluating the compressive strength of the sandfcement mixture was
adopred in part from the American standard method ASTM C 39 - 86 for compressive
strength of cylindrical concrete specimens [2]. The sandicement mixture was poured in
PVC pipes of inside diameter 290 mm. The heights of the specimens were
approximately the same as the diameter, The samples were allowed 10 harden for 15
davs before the compressive tests commenced.

R e
Figure 3.1 a)  Samples poured in PVC pipe mouids
i} Lample during compressive stramgth fest
In order to get an even pressure distribution on the top and botiom surfaces of the

samples during the compressive strength test, slabs of polystyrene cellular plastics were
pliced in between the samples and the pressure plates, ef. figure 3.1b.
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A total of six tests were made, two for each material type. The loading rate was
approximately 1.3 kKPa/second. The results are presented in the table below.,

Max. gu-ahsfmﬂ mm Max. gm#rsim:i.?m Max. grain sire 80 mm

Sample Ty 1T - LT
T 229 kPa 185 kPa 214 kPa
2 220 kPa 233 kPa 176 kPa
Mean 225 kPa 209 kPa 195 kPa
Grand average 210 kPa

Tabde 3.2  Compressive strenglh

The resulis indicate that the strength of the sandfcement mixiure decreases somewhat as
the coarseness of the used aggregate increases.

The compressive strength is, quite naturally, several orders of magnitude smaller than
what con be expected for ordinary concrete. In fact, 210 kPa 18 in the vicimity of the
strength for cellular plastics normally used under road pavement structures. This
indicates that the sand/cement mixture is strong enough to be applicable as backfill
wherever one would use mechanically compacted sand.

No measurement of compressive strengih was performed on samples younger than 15
days. However, the mixture poured in the wooden boxes (see section 4) has been found
to withstand ot least 50 = 60 kPa after 24 hours of hardening time, determined by
wilking on the surface.

Although a sufficient strength is required, a too high strength will be a greal
disadvantage. In the event of pipeline failure, it must be possible 1o open the trench and
excavate the pipes. The experiences gained during the course of this project show that
excavation of hydraulically compacted matenal constitutes no problem. It can be done
by hand with a spade, although with slight effor.

4 Pipe/backfill friction properties

The friction between the pipe and the stabilized backfill matenal has been evaluated by
applying a longitudinal movement to a pipe amanged in a wooden box filled with the
sancfcement  mixture, ¢of. figure 4.1. The inner dimensions of the box were
OSS0S00 mm” (LxWxH). The wooden box was placed inside a larger steel box
normally used for testing of district heating pipe joints in sccordance with EN 489 [1].
The displacement of the pipe was accomplished using a hydraulic jack and the friction
force was measured with a force transducer connected between the jack and the pipe.
The jack was controlled to give the pipe a constant longitudinal displacement rate.

A position transducer was used for measuring the steel pipe displacement relative 1o the
wooden box. Furthermore, the shear deformation of the PUR foam was followed using o
second transducer measuring the difference in longitudinal displacement between the
steel pipe and the casing pipe, cf. ligure 4.2,
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lev order 1o simulate field-like conditions, a static pressure was applied 1o the surface of
the sand/cement mixture. The magnitude of the surface pressure was adopied from
EN 489 [ 1], in which it is stated that a total overburden pressure cormesponding 1o a fill
height of 1 m with a backfill density of 18 kN/m” shall be applied.

To [acilitate a uniform peessure distribution, the comparatively hard surfoce of the
sanc/cement muxiure was covered with a thin layer of sand on which 60 mm thick
conerete tiles were placed. With the aid of a hvdraulic jack and a system of steel girders,
the surface pressure was applied as shown in figure 4.3, Using a pressure gauge
connected 1o the hydraulic system, the magnitude of the surface pressure was caleulated.

Figure 4.1 a} Empty wooden box with mounled pipe
&) Woodan box with sandicemant mixture alfer approximately 24 hours of
hardening fime

Figure 4.2 Transducers in place



The pipes were displaced approximately 50 mm at a rate of | mm per minute. During
each run, the force, the steel pipe displacement and the shear deformation of the PUR
foam was measured and logged with a Datascan 7221 Measurement Processor,

Preinsulated pipes DN 65 with a polvethylene casing pipe of dimmeter 160 mm were
usedd. The pipes have previously been used for the field inals described in [4]. They have
nod. however, been subjected 1o any longitudinal displacement prior (o this test. A total
of three mins were made, one for each type of backfill material

Figures 4.5 and 4.6 show the [riction force ploned against the steel pipe displacement
with different sealings on the horizontal axes. The fnection force is expressed as force
per meter pipe length, e, otal displacement force divided by the length of the pipe

The discontinuous appearance of the 0 mm curve 15 due to bad control in the hydraulic
system which the computer program could not handle. The movement of the pipe was
momentarily halted. After starting again, the force did not reach quite the same level.
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All curves display a clear peak force, at which the casing pipe is pulled loose from the
backfill material. After that, the force gradually decreases o a residual value. This
behaviour is quite different from what is seen for pipes bunied m ordinary backfill
material. In such cases, a peak value is not seen, Instead the force increases gradually up
for the constant value.

The steel pipe displacement prior to the peok force 15 mainly caused by shear
deformation of the PUR foam. The shear deformation, expressed as the relative
displacement between the steel pipe and the casing pipe. is plotied vs. the friction force
in figure 4.7, By comparing figures 4.6 and 4.7, it can be seen that the shear deformation
is almest as large as the steel pipe displacement up to the peik force. This means that
the casing pipe hardly moves through the backfill at all before the peak force has been
resiched, which indicates a very stff friction bond before the pipe has been pulled loose
for the first time.

The large non-linear shear deformations exhibited by the pipe buried in the 90 mm
material (cf. figure 4.7) is probably caused by shear failure between the PUR foam and
the casing pipe.

The friction between the pipe and the backfill material is normally discussed using a
friction cocllicient, j1, expressing the ratio of the longitudinal force to the restriining
force resulting from the earth pressure acting on the pipe wall:



[

=5 (3.1
Jo.(@)de

where [, 1s the longitudinal displacement foree per meter pipe length (Nfm), o,
15 the earth pressure acting in the normal direction on the pipe wall (Pa). re is
the radius of the casing pipe (m) and @ 15 an angular coordinate.
The above expression is often simplified (see e.g. [3]) 10
— e [l —
~ HrD,
where v is the density of the backfill material (N/m"), H is the fill height (m)
and D¢ is the casing pipe diameter.

n (3.2)

By using this simplification, one assumes thal the earth pressure can be described as a
hydrostatic pressure acting at depth H from the surface. This implies that the force
needed 1o displace the pipe longitudinally is directly proportional (o the overburden
pressure. In the case of cement stabilized sand however, the friction coefficient seems (o
be much less dependent on the overburden pressure, This is possibly due 0 a much
stffer behaviour of the sandfcement muxture compared 10 ordinary sand. The backfill
miterial surrounding the pipe are thus less prone to deform, and the normal pressure
against the casing pipe wall will not increase as much with the surface pressure as for
ordimary backiill materals.

Listed in table 4.1 are the (riction forees and [riction coelficients caleulated according o
expression (3.2). For the 90 mm matenal, the residual value has been extrapolated from
the smooth pant of the curve. The curves for the 8 mm and 32 mm materials appear (o
converge al large displacements to a friction coefficient of approximately 0.5 - 0.55.

Frictan force, f, (kN/m) Friciion coefficrent, p
Max. gram size Paak value  Residual value Peak value  Residual value
& mm 9.5 49 1.05 0.54
32 mm 12.0 52 1.33 0.58
Gl mm 16.8 -B B 1.68 ~-0.895

Tabig 4.1  Friction lorces exprassed as force per raler pipe length and foction coafficients

Similar measurements of friction coefficients for couwrse grained backfill material
subjected to mechanical compaction is described in [4]. The friction coefficient for a
- 100 mm crushed material was calculated o 0.71 after 50 cycles of 40 mm
displacement back and forh. It was also found that the frction force after 50 cycles was
about 50 % smaller than the imiial valee during the first displacement. This would
indicate that the nitial friction coefficient for a mechanically compocted 100 mm
matertil is about 1.4, to compare with approximately 0.93 for a hydraulically compacted
20 mm materal.




It i« not clear whether the decrease in [riction foree for cycled displacements will be as
obvious for material compacted hydraulically as for those compacted mechanically. Due

to the cement stabilizer, the matenial might not have the same tendency 10 “loosen up
as ordinary sand and gravel.

5 Voids in the pipe/backfill interface - Pipe damage

The interface between the pipe and the backfill matenal must not contan loo many
voids {areas where the backfill material is not in contact with the casing pipe) in order
for & sufficient (riction force to develop. One might expect that coarser gruvel fractions
will result i lurger pores leaving conlact gaps of the interface. Furthermore, a large
sone, surrounded by an nir gap, pressing ogainst the pipe constitutés an unfavourable
load case for the HDPE matenial in the casing pipe. It was shown in [4] that coarse
backfill materials may canse severe localized deformations of the casing pipe due o
coptact pressure from adjscent stones. Thermally induced movements may also cause
scratching of the casing pipe al the contact zones, On the other hand, i the interface in
the vicimity of the stone 15 completely filled with Nne matenal, the pressure at the
contact zone will be reduced.

Adter the friction force tesis were finished, the wooden boxes were broken and the pipes
were excavited m a fashion which allowed for examination of the lower half of the
pipefbackiill interfoce.

Figure 5.1 Pipahackdill inferface, max, grain size 8 mm

Figure 5.2 Pipa'backfill ferface, max. grain gize 32 mm



Figure 53 Pipecbacklili inferface, max, griun stze 90 mm

The interfaces of the two coarse materials are almost entirely smooth with no significant
voids at all. For the fine grained material however, there is a streak of small voids
running along the bottom of the pipe. This indicates that the occurrence of interface
vioids is more a question of workmanship during the filling of the trench rather than an
inherent property of the stabilized sand mixture.

After excavation, the pipes were examined with respect to indentations, but as one
might expect from looking al the interfaces, there were no visible indentations to be
found.

i afee T

Fgure 5.4 Large sfone praviously in contact with the casing pipe, max. gram size 30 mm

Figure 5.4 depicts a large stone which after the test was observed to be in contact with
the casing pipe. The comtact region was examined for any signs of damage caused by
this stone, bul none were found. As these pipes have been used for experimental
purposes once before, the casing pipe surfaces exhibit a wide variety of nunor scratches
and marks due to burying, excavation, transport, ete. It is therefore not possible to
conclude that ne scratching of the pipes has occurred while buried in the hydraulically
compacted material. But it is safe 1o say that no major damage has ocourred dunng the
displacement 1est.
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6 Conclusions

The compressive strength of the cement stabilived material was measured to
approximately 200 kPa, It is thus strong enough (o be used under road pavements, and it
hurdens fast enough to allow walking on the surface after 24 hours, This means that
reinstallment work can be undertaken without significant delay, The sand/cement
mixture is still quite easy to crush, o it is possible to excavate the pipes if necessary.

The friction coefficient is slightly lower than for mechanically compacted backfill
material with comparative grain sizes. It is however well above the standard value of 0.4
normally used for pipeline design.

Frevious investigations involving coarse grained materials point out the risk of lurge
stones damaging the casing pipe. Such effects have not been seen throughout this study.
Probably the comparatively sufl sandfeement mixture provides better protection for the
casing pipe than ondinary backfill matenal.

The results from this study thus indicate that hydroulically compocted coarse grained
backiill maenal constitutes an interesting altermative for the laying of distnct heating
pipes.

As seen from simnlar expeniments with mechanically compacted backfill matenials, the
frncnion coeflicient decrease sigmilicontly with repeated displacement cyeles back and
forth. Future investigations have to make clear how the friction coefficient develops
during cycled displacements in hydraulically compacted materials. It is also crucial to
examine the risk of damage by localized point loads from stones pressing against the
casing pipe. and to what extent this risk might be diminished by uwsing hydraulic
compaction instead of mechanical.
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