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1.

Introduction

This guide gives general principles for designing pre-insulated heat networks made
using RADPOL technology, and the tips included in the study are intended to simplify
selected stages of design work and facilitate making certain related decisions.
Advice and tips have been developed on the basis of the standards used in the process
of implementation of heat networks made of pre-insulated elements, primarily:

PN-EN 13941-1 District heating pipelines — Design and construction of under-
ground district heating networks from single- and twin-pipe pre-insulated com-
posite systems — Part 1: Design.

PN-EN 13941-2 District heating pipelines — Design and construction of under-
ground district heating networks from single- and twin-pipe pre-insulated com-
posite systems — Part 2: Assembly.

PN-EN 15698-1 - District heating networks — System of pre-insulated compo-
site pipes for water district heating networks laid directly in the ground — Part 1:
Two-pipe assembly of steel line pipe, polyurethane thermal insulation and poly-
ethylene jacket.

PN-EN 15698-2 - District heating networks — System of pre-insulated compo-
site twin pipes for water district heating networks laid directly in the ground —
Part 2: Fittings and the valve assembly of steel line pipes, polyurethane thermal
insulation and polyethylene jacket.

PN-EN 253 - District heating networks — System of pre-insulated composite
pipes for water district heating networks laid directly in the ground - Pipe as-
sembly of steel line pipe, polyurethane thermal insulation and polyethylene
jacket.

PN-EN 489 - District heating networks — System of pre-insulated composite
pipes for water district heating networks laid directly in the ground — Joint as-
sembly for steel line pipes with polyurethane thermal insulation and polyeth-
ylene jacket.

PN-EN 14419 - District heating networks — System of pre-insulated composite
pipes for water district heating networks laid directly in the ground — Emergency
control and signalling system.

PN-EN 10217-2 — Welded steel pipes for pressure applications — Technical
conditions of delivery — Part 2: Electrically welded non-alloy and alloy steel
pipes with required elevated temperature properties.

PN-EN 10220 - Seamless and seamed steel pipes — Dimensions and weights
per unit of length.

PN-B-10405 - District heating — District heating networks — Acceptance re-
quirements and tests.

prEN 17248 - District heating and district cooling pipe systems — Terms and
definitions.

PN-C-04601 — Water for energy purposes — Requirements and tests of water
quality for water boilers and closed heating circuits.
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+ PN-EN 10253-2 - Pipe fittings for butt welding — Part 2: Non-alloy and ferritic
alloy steels with specific inspection requirements.
+ PN-EN 1990 - Eurocode — Basis of structural design.
+  PN-76/M-34034 — Pipelines. Principles of pressure loss calculations.
and “Rules for the structure and drafting of CEN/CENELEC Publications.”
The study presents the general guidelines of the TWIN PIPE system concerning:
design class specification,
calculation of friction force,
calculation of friction length,
axial stresses,
hydraulic calculations,
heat loss calculations,
+ the use of compensating pads,
+ construction of heat networks using twin pipes.

e o o o o
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2. General comments

1.

Figure 1:

All pre-insulated elements of the RADPOL system are made in accordance
with the requirements of the standards in question, and this means that they
can also be used for the construction of heat networks designed based on the
design requirements of other manufacturers and suppliers of pre-insulated sys-
tems, provided that these requirements have been developed in accordance
with the philosophy and assumptions of the PN-EN 13941 standard.

For more complex cases that go beyond these guidelines, please contact the
RADPOL Design and Technical Consulting Team.

Relevant from the point of view of regulations, standardisation documents and
requirements are the interpretations of the language phrases used. According
to the document “Rules for the structure and drafting of CEN/CENELEC Publi-
cations”

1. Requirement — an expression in the body of the document that conveys
the criteria that should be met to state compliance with the document and
from which no deviation is allowed (3.3.1). The corresponding verbal form
in Polish: powinien, nalezy (“should”) (Table H.1).

2. Recommendation — an expression in the body of the document conveying
that, among several possibilities, one is recommended as particularly use-
ful, without mentioning or excluding others, or that a certain course of action
is preferred but not necessarily required, or (in negative form) that a certain
possibility or course of action is not recommended but at the same time not
prohibited (3.3.2). The corresponding verbal form in Polish: zaleca sig, jest
zalecane (“is recommended”) (Table H.2).

According to the guidelines of PN-EN 13941-1, due to the range of diameters
used below up to = 355.6%5.6 and the range of axial stresses omax< ReT, it can
be assumed that designs for heat networks made of pre-insulated elements of
the TWINAPIPE system are designs eligible for “class A”.
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This means that the design can be carried out on the basis of catalogues and design
guides of manufacturers and suppliers of pre-insulated elements, provided that they are
made on the basis of the requirements of this standard.

5. According to the standard’s guidelines, a designer can upgrade the design
class to “Class C” as long as all the requirements for designs in that class are
met.

6. For the purpose of developing auxiliary tables, parameters of 125°C/65°C were
assumed for a high-parameter heat network, and 90°C/55°C for consumer in-
stallations. The specific gravity of the sand bed material ys= 18 kN/m? and the
installation temperature Tinst= 10°C were also assumed.
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3. Symbols used

The following are the symbols used in figures, tables and formulae.

Symbol Name Unit
Aun elongation at break %
As ring surface of a single steel pipe mm?
Bx width of the fixing anchor mm
c distance between pipe axes in TWIN PIPE
mm
elements
d PUR cell dimension in the radial direction mm
di inside diameter of the steel pipe mm
dh nominal diameter of the steel pipe mm
do outside diameter of the steel pipe mm
Dc outside diameter of the polyethylene jacket mm
Di inside diameter of the polyethylene jacket mm
D thickness of compensating pads of medium
p mm
hardness
E linear deformability modulus — Young’s N/mm2 = MPa
modulus
Erur flexibility modulus N/mm? = MPa
E; linear deformability modulus — Young's N/mm2 = MPa
modulus at the assumed temperature
F force due to friction between the HDPE KN/m
jacket and the sand bed
g gravitational acceleration m/s?
G weight of pre-insulated element kN/m
Grore weight of the po!yethylene jacketin 1 m of KN/m
the pre-insulated element
Grur weight of the thgrmal insulation in 1 m of the KN/m
pre-insulated element
Ger weight of !me pipes in 1 m of the pre- KN/m
insulated element
Gw weight of water inside the line pipes kN/m
H pipeline cover m
ha antisymmetric coefficient for heat loss calcu- -

10
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lations

(in the drawing part) height of the fixing

H anchor type A mm
h symmetric coefficient for heat loss calcula- _
s tions
Hw depression of the groundwater table level m
k roughness of the tube mm or m
Ko at-rest earth pressure coefficient -
L length of the friction section m
| length of the pipeline section under consid-
eration (also L1, Lz, Loog)
Lax mounting length for the pipe assembly m
maximum distance between adjacent free
Lo m
ends
L distance between line pipes in TWIN PIPE
P mm
elements
M distance between pre-insulated pipelines mm
1 acc. to PN-EN 253
distance between the HDPE jacket and the
M- mm
trench wall
Nx axial force N or kN
N: component of thg axal force due to passive N or kN
soil resistance
No component of the axial force due to internal N or kN
pressure
Na force due to compensation apd due to lat- N or kN
eral ground reaction
N component of the aX|a! force due to the N or kN
temperature difference
q heat loss of the pipe assembly W/m
o mmmmmﬂdmemmwmemswmmm Wim
heat loss calculations
g heat loss of the supply pipeline W/m
qr heat loss of the return pipeline Wim
0 component of the symmetrlc system in heat Wim
loss calculations
Re (in hydraulics) Reynolds number -

¢GRADPOL
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Rer yield strength at the assumed temperature N/mm?
Rewn minimum yield strength N/mm?
Ri linear flow resistance Pa/m
R e gand e | W
Run minimum radiu§ of flexible bending of the m
pipe assembly
S wall thickness of the steel line pipe mm
Sc jacket wall thickness mm
T (in anchor calculations) fixing anchor thick- mm
ness
T temperature °C
Ta temperature for the antisymmetric system °C
Teort temperature of th(? mfedium in the supply °c
pipeline
Tinst installation temperature °C
Teor ta temperature of thg mgdium in the return °c
pipeline
ts temperature of ‘und‘isturbed ground at the °c
pipeline level
Ts temperature for the symmetric system °C
T+ steel pipe wall thickness tolerance mm
in heating medium flow velocity m/s
Wi, Wa (in route geometry) conversion elongation mm
Z,212> pipe assembly axis depression m
z (in hydraulics) local resistance Pa/m
Zc substitute pipe assembly axis depression m

12
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Greek symbols

ing material - PUR

a coefficient of linear expansion of steel 1K
a (in route geometry) angle of pipeline axis o
deviation
coefficient of linear expansion of HDPE
QOHDPE 1/K
polyethylene
coefficient of linear expansion at the as-
ar 1/K
sumed temperature
Y (in heat loss calculations) auxiliary variable -
Ym safety coefficient -
ys specific gravity of the backfill kN/m?
yst specific gravity of steel kN/m?
Ysw specific gravity of the sand skeleton kN/m?
Y'sw specific gravity of wet sand kN/m?
yw specific gravity of water kN/m?
5 friction angle between the ground and the o
pipeline
0 displacement of the free end of the pipeline mm
resultant displacement of the free end of the
dw . mm
pipeline
5 elongation of the free end for the maximum m
e placement length LMAX
Ap pressure l0oss Pa
AT temperature difference or rise K
ATr temperature rise for the pipe assembly K
€ relative roughness of the tube -
Eor relative boundary roughness of the tube -
A (in hydraulics) local resistance coefficient -
{ local resistance coefficient
Ao thermal conductivity Eoefflment for PUR at WimK
50°C
Neope thermal conductivity coefficient of HDPE WimK
polyethylene
A thermal conductivity coefficient of the insulat- WimK
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thermal conductivity coefficient

Ao of the backill - sand WimK
v friction coefficient -
v in strength — Poisson'’s ratio for steel = 0.3 -
v in hydraulics — dynamic viscosity m?/s
m 3.14... -
ose minimum den_sgi// é)rfa I;’;JI('\; ;‘g:irtr; at pipe ends kg/m?
PHope minimum density of HDPE polyethylene kg/m?
o (in heat loss calculations) auxiliary variable -
T10% compressive strength in the radial direction N/mm?
Oar axial stress due to the use of fixing anchors N/mm?
Opop permissible axial stresses N/mm?
oF axial stress in the supply pipe N/mm?
OWAX maximum permissible axial stresses N/mm?
op peripheral stress due to hypertension N/mm?
OR axial stress in the return pipe N/mm?
o average axial stres§ que to temperature N/mm2
deviation
Tax axial shear strength of PUR foam N/mm?
Tian tangential shear strength of PUR foam N/mm?
Qorg angle of internal friction of the ground °
U] adjusted value of external cells %

14
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4. Description of the TWIN PIPE system

The pre-insulated TWIN PIPE system is another proposal for the construction of
heat networks from pre-insulated elements prepared in advance under factory condi-
tions for direct laying in the ground.

4.1. Structure

Figure 2: Structure of a pre-insulated element
- made in the TWIN PIPE system.
(1) supply steel pipe, (2) return steel pipe, (3) fixing anchors,
(4) PUR thermal insulation, (5) polyethylene jacket

The pre-insulated element, the cross-section of which is shown in the figure, con-
sists of two steel line pipes (1) and (2) laid in parallel one above the other in a polyeth-
ylene jacket (5) filled with insulating material - rigid polyurethane foam (4).

In sensitive areas, steel pipelines are connected by specially selected fixing an-
chors (3).

4.2. Line pipes

Steel pipes made of P 235 GH steel in accordance with PN-EN 10217-2 are used
as line pipes.

The series of steel pipes used by RADPOL is presented in Table 1.
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Table 1:  Characteristic parameters of used steel pipes.

@ do S T+ As Gs
[mm] [mm] [mm] [mm] [kN/m]
20 26.9 26 0.3 198.5 0.0153
25 337 26 0.3 254.0 0.0196
32 424 29 0.3 359.9 0.0277
40 483 29 0.3 4136 0.0319
50 60.3 2.9 0.3 522.9 0.0403
65 76.1 29 0.3 666.9 0.0514
80 88.9 32 0.3 861.6 0.0663
100 114.3 36 0.4 1252.0 0.0964
125 139.7 36 0.4 1539.3 0.1185
150 168.3 4.0 0.5 2064.7 0.1590
200 2191 45 0.5 3033.8 0.2336

In the diameter range from dn 20 mm to dn 40 mm, steel pipe walls thickened in
relation to PN-EN 253 are used.
The steel parameters depending on the temperature are shown in Table 2.

Table 2:  Characteristic parameters of P 235 GH steel (y = 78.5 kN/m®).

Parameter Values of the presented at
50°C 60°C 70°C 80°C 90°C 100°C 110°C 120°C 130°C 140°C
N /;sz 211143 210571 210000 209429 208857 208286 207714 207143 206571 206000
ar
mmi(mk) 1.18 1.19 1.19 120 121 122 123 123 124 125
aE
Ni(mmeK) 249 251 25 251 2.53 254 255 2.55 2.56 258
Rer 2210 2240 2210 219.0 216.0 2130 2100 207.0 205.0 202.0
N/mm2
CEED 206.0 204.0 201.0 199.0 196.0 194.0 191.0 188.0 186.0 184.0
N/mm2

To aid design calculations using spreadsheets, steel parameters can be calculated
using the following formulae:
+ vyield strength of steel

R.;=227-0,28-(T—50) inthe T<140°C N2 (1)
mm
* Young’s modulus
T 4 N
E,=|21,4——|10° —
T ( 175) mm® (2)
+  coefficient of linear expansion
T 5 1
=(1,4+—|107° —
“r ( ’ 129) K (8)

The symbols used in the formulae are in accordance with Chapter 3.
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4.3. PUR thermal insulation
The requirements for the thermal insulation used are shown in the table below.

Table 3:  Characteristic parameters of PUR thermal insulation.

Unit of Requirements acc. to PN-

Itemisation Symbol measure

Thermal conductivity coefficient for PUR at 50°C Aso W/(mK) <0.029
Minimum density at pipe ends PSR kg/m? 255
Compressive strength in the radial direction Oio% N/mm2 03
Axial shear strength at room temperature (23 +2)°C Tax N/mm2 0.12
Axial shear strength at (140 +2)°C Tax N/mm2 0.08
Tangential shear strength TTAN N/mm2 0.2
Cell dimension in the radial direction d mm <05
Corrected closed cell contentin PUR ) % 288
Water absorption by PUR - after boiling WA % <10%
Modulus of elasticity at room temperature (23 +2)°C Epur N/mm2 10.0
Modulus of elasticity at room temperature (140 +2)°C Epur N/mm2 6.5
Safety coefficient with spacing of adjacent elbows up to 20 m Y 2.0
Safety coefficient with spacing of adjacent elbows over 20 m Ym 3.0

In connection with the declared durability of polyurethane foam at a continuous op-
erating temperature of 140°C, the material is suitable for use in heat networks with a
design life of 50 years in accordance with PN-EN-13941-1 and PN-EN 1990.

4.4. Polyethylene jacket
The jacket is made in the form of high-density HDPE polyethylene pipe that meets
the requirements of PN-EN 253.

Table4: Characteristic parameters of polyethylene jackets.

Itemisation Symbol mlir:;::e Size
Thermal ivity coefficient for HOPE Avope WI(mK) <043
Minimum density PHOPE kg/m3 2944
Yield strength Reun N/mm2 19.0
Coefficient of linear expansion OHope 1K 0.00018
Elongation at break Aun % 350.00
Impact resistance - °C >-50
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4.5. Fixing anchors

In the sensitive areas of the heat network, which are mainly fittings, the line pipes
are connected to each other with fixing anchors, which are steel plates appropriately
designed at the system production stage.

The TWIN PIPE system manufactured using RADPOL technology uses “type A’
fixing anchors designed in accordance with PN-EN 13941-1.

Fixing anchor type A according to,
PN-EN 13941-1~

Figure 3: Fixing anchors in pre-insulated elements made in the twin pipe system.
The following table shows the sizes of the anchors used.

Table 5:  The size of the fixing anchors used.

i d No. B H q
[mm] [mm] [mm] [mm] [kN/m]
20 26.9 190 50.0 46.0 4.0
25 33.7 19.0 50.0 53.0 4.0
32 424 19.0 50.0 61.0 4.0
40 48.3 19.0 50.0 67.0 4.0
50 60.3 20.0 70.0 80.0 4.0
65 76.1 20.0 90.0 96.0 4.0
80 88.9 25.0 110.0 114.0 6.0
100 1143 25.0 140.0 139.0 6.0
125 139.7 30.0 170.0 170.0 6.0
150 168.3 40.0 200.0 208.0 6.0
200 2191 45.0 260.0 2640 80

The dimensions of the weld used and the size of the fixing plates were selected so
that the weld surface would transfer the shear forces caused by the temperature differ-
ence between the supply and return pipelines, and so that the fixing plate would not
cause deformation of the pipe.
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4.6. TWIN PIPE assemblies
Pipe assemblies manufactured using RADPOL technology meet the requirements
and conditions of the PN-EN 15698-1 and PN-EN 15698-2 standards. The basic series,

defined as SERIES 1 in PN-EN 15698-1, with standard insulation, is as follows:

Table 6:  Overview and method of labelling of pre-insulated SERIES 1 - STANDARD insulation

elements.
Steel pipes SRR
n do S Tt No. As Da s designation
[mm] | [mm] [mm] [mm] [mm?] [mm] [mm] [-]
20 | 269 [ 26 03 19.0 1985 125 3.0 DN (2x20)/125
2% | 337 [ 26 03 19.0 254.0 140 3.0 DN (2x25)/140
32 | 424 | 29 03 19.0 359.9 160 3.0 DN (2x32)/160
40 [ 463 | 29 0.3 19.0 4136 160 3.0 DN (2+40)/160
50 | 603 [ 29 03 20.0 522.9 200 32 DN (2x50)/200
65 | 761 | 29 03 20.0 666.9 225 34 DN (2¢65)/225
80 | 889 | 32 03 25,0 861.6 250 36 DN (2¢80)/250
100 | 1143 | 36 04 25.0 12520 315 44 DN (2x100)315
125 | 1397 | 36 04 30.0 15393 400 48 | DN (2x125/400
150 | 1683 | 4.0 05 40.0 2064.7 450 52 | DN (2x150)/450
200 [ 2191 | 45 05 45.0 3033.8 560 60 | DN (2x200)/560

For a table on the series designated as SERIES 2 and SERIES 3 in

PN-EN 15698-1, see Chapter 11. Auxiliary tables.

¢GRADPOL
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5. Loads acting on the pipe assembly

- Slippage zone = Deceleration zone
Compensation
zone

NF Nt Np

E
14

NPS
Natural fixed point

Compensation _
zone

Figure 4: Diagram of the loads acting on the pre-insulated pipeline.
Nr— force due to temperature, Ne— force due to pressure, N-— force due to friction,
Nr— force from the compensating arm

Figure 4 shows the loads that have a direct effect on the working pre-insulated
pipeline made in the TWIN PIPE system. The peculiarity of the pipe assembly design is
the transfer of loads occurring in the line pipes, through the rigid polyurethane foam
insulation, to the polyethylene jacket (internal forces to the outside), and the transfer of
loads occurring “from the outside” on the polyethylene jacket, through the insulation, to
the line pipes (external forces to the inside).

In addition, within the TWIN PIPE system, forces are generated as a result of the
stresses caused by the permanent connection of two pipes with different operating
temperatures. These stresses affect the strength of individual pipes, but due to their
nature do not have direct effects on the outside of the pipe assembly.

The figure also shows:

+ slippage zone - also known as the friction section — the section along the
length of which the movement of the pre-insulated network in the ground is ob-
served,

+ deceleration zone — a section or a place called the natural fixed point (NFP)
where force balancing occurs,

+ compensation zones — sections of the network adjacent to the elbow top that
are subject to lateral deformation.
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5.1. Force due to temperature Nt

In pre-insulated pipelines, one of the components of the force due to temperature is
the force caused by stresses induced by temperature rise, which in the TWIN PIPE
system can be calculated as:

T+ T
ATy = %_ Tinse (4)

axial stresses take the value:
o=F- -a ATy (5)
while the axial force:

Np=2-A-(E-a-ATp) (6)

5.2. Force due to internal pressure Ne

In pipelines subjected to internal pressure, stresses develop, tending to increase its
diameter — the so-called circumferential (meridional) stresses. Their value can be cal-
culated based on:

p-d;

7
> (7)

0p =

If the pipe is terminated with a bottom (or, for example, an elbow) axial (parallel)
stresses will also arise, the value of which can be calculated from:

p-d;
= 8
Oy 2. s (8)
as you can see
oy = 0,5 0p (9)

In addition, according to Hooke’s law, the circumferential stresses will cause the
pipeline to shorten by creating additional axial stresses of

ox = —v-ap (10)

hence, in the pipeline axis of interest, we will obtain axial stresses induced by the
pressure of the medium with a value of

oy = (05—v)-0p (11)
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The axial force resulting from these stresses will reach a value of

Np =2-4-(05=7v)0p (12)

5.3. Force due to friction Nr

With the occurrence of movement of the pipe assembly in the ground caused by
the deformation of the line pipes under the influence of temperature rise, there will also
be passive soil resistance, the magnitude of which will depend on:

+ coefficient of friction between the polyethylene jacket and the backfill

u=tgs (13)
where the angle of friction between the ground and the pipeline
2
P 14
8 4 (14)

+ effective ground stresses at the pipeline axis level calculated from the formula
oy =ys Z for (Hy > 7) (15)

if the groundwater level is below the axis of the pipe assembly or from the formula

oy =¥s Hy +¥sw - (Z — Hy) for (Hy < Z) (16)
where
Ysw =¥'sw — Yw (17)
and
VA =H+% (18)
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Figure 5: Diagram for calculating the force due to friction.

As can be seen in the figure, the upper component of the polyethylene jacket is
loaded only by the weight of the ground and paving (usually omitted in the tabular
calculations). The lower component is additionally loaded with the weight of the pipe
assembly along with water.

G= GST + GW + GPUR + GHDPE (lg)

whose individual components can be calculated from the formulae:

Gsr =2-{m-(do—5) 5" ¥sr} (20)
weight of steel,
n- D} m-dj
Gpyr = 7 —Z'T “Ypur (21)

weight of thermal insulation,
Guppe =1+ (D¢ — 5¢) * S¢ * Yuppe (22)

weight of the polyethylene jacket and

(dg =2+ 5)?
GW=2'{¥'YW} (23)

weight of water.
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Referring the calculations to the effective ground stresses at the pipeline axis level,
it is also necessary to take into account:

+ the diameter of the DC pipe assembly jacket,

+ its weight and

+ make an adjustment related to replacing part of the ground with a pipe assembly.

Then, the force due to friction per unit of length of the pipeline can be calculated
from the formula:

1+K, De\?
‘(( = )'yS‘Z-n-DC+G—yS-n-(TC))for(HW>Z) (24)

for laying above groundwater and

F=pu

1+K, Dc\?
(H;—")[ys HW+y5w-(Z—Hw))'n-Dc+G—yS-n-(Tc) ) for (Hy < Z) (25)

otherwise.
Ultimately, the force due to friction acting on the section will be:

Np =F - (26)

where | is the distance of the section under consideration, from the free end of the
pipeline.

The table below shows the unit frictional force for the basic SERIES 1 - standard
insulation. For SERIES 2 and SERIES 3, tables of values are included in the chapter:
Auxiliary tables.

Table 7:  Values of frictional force — basic SERIES 1 - STANDARD insulation.

SERIES 1 Steel pipes Jacket F — frictional force per unit of length [kN/m] for cover H:
TANDARD o s
STANDAR an [r:m] [msm] [mAmz] [2;] H:08 | 10m | 12m | 14m | 16m | 18m | 20m
DN (2x20)/125 20 269 26 198.5 125 175 217 2.59 3.01 344 3.86 3.44
DN (2x25)/140 25 337 26 254.0 140 197 244 2.91 3.39 3.86 4.33 3.86
DN (2x32)/160 32 424 29 359.9 160 221 281 3.35 3.88 443 4.96 443
DN (2x40)/160 40 483 29 4136 160 221 281 3.35 3.89 443 497 443
DN (2x50)/200 50 60.3 29 522.9 200 2.87 354 422 4.89 5.57 6.24 5.57
DN (2x65)/225 65 76.1 29 666.9 225 3.26 4.02 478 5.53 6.30 7.05 6.30
DN (2x80)/250 80 88.9 32 861.6 250 3.65 4.50 5.34 6.18 7.03 7.87 7.03
DN (2x100)/315 100 1143 36 1252.0 315 4.69 5.75 6.82 7.88 8.95 10.01 8.95
DN (2x125)/400 125 139.7 36 1539.3 400 6.08 743 8.77 10.12 11.48 12.83 11.48
DN (2x150)/450 150 168.3 40 2064.7 450 6.96 847 9.99 11.51 13.04 14.55 13.04
DN (2x200)/560 200 2191 45 3033.8 560 8.94 10.83 1272 14.60 16.51 18.40 16.51
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5.4. Force from the “compensating arm” Nr

An additional load occurring in pre-insulated heat networks that induces stresses in
the cross-section of the pipe assembly is the reaction of the transverse compensating
arm, which is a component of the loads coming from the deformation of the line pipe
and, or rather, first and foremost, from the pressure of the ground on the jacket of the
transverse arm.

PN-EN 13941-1 specifies that this force causes a reduction in friction length or a
reduction in free displacement of up to 25% of the design value of these quantities.

This reaction is difficult to calculate without the use of specialised software simulating
a pipeline laid on an elastic foundation, but for the purpose of preliminary calculations, it
can be assumed that with the use of compensating pads, its value can amount to:

Ng=01-F-1 (27)

5.5. Stresses from the use of fixing anchors
In the TWIN PIPE system, additional stresses in the line pipes are caused by the

use of fixing anchors permanently connecting pipes of different temperatures and

depend on the temperature difference between the supply and return pipelines.
These stresses will be:

T — Th

28
> (28)

our =E-a-
Considering the axial stresses in the steel pipe section for the deceleration zone
oy =—(E-a- ATy —v - agp) (29)
or the slippage zones

F-1 1 Ng

GX=—ﬂ+E-JP—ﬂ (30)
we obtain axial stresses in the supply pipe:
Op = Oy — Oar (31)
and the return pipe
Or = Ox + Oar (32)
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5.6. Stresses within the pipe assembly
The next four figures show stress diagrams, with an indication of the forces respon-

sible for their formation, arising in the supply and return pipelines.

- L - deceleration zone
S
L% O |
+ —
E ' o= 0.
Z §'
i »d
2 B S
= 8
<3
!
Te Onax=E(Ti—Tins ) —VOp

Figure 6: Diagram of axial stresses in the supply pipe - without limiting the level of stress.

,O'F +Oar

Ng
(24)

I < Lmax - deceleration zone —_ 1 < Lmax

tlo=0,

O max

(F))
(2A)

1
Tr O =E(Ty=Tins) —vOp

Figure 7: Diagram of axial stresses in the return pipe — without limiting the level of stress.

1 < Lenax -t 1 < Limax
b:l
D |
UK & o=0.
3 A
23
=1
| =
S & b
<3
1 !
Tr
Figure 8: Diagram of axial stresses in the return pipe - length | < Luax limited by the allowable

stress omax.

26 ¢RADPOL



Na
@
7'_' Lo, +our
+

I < Limax

*lo= 0,

(F1)
(2A)

1

Omax

Tr

Figure 9: Diagram of axial stresses in the return pipe - length | < Luax limited by the allowable

stress owax.
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6. Laying technique
In pipelines, as the temperature increases, the stresses reach a maximum value at
a level that we can calculate from the formula:
Omax = E -+ (Tp — Tipnge) —v - 0p (33)

In TWIN PIPES, the maximum stresses develop in the supply pipeline at TF tem-
perature and occur in the deceleration zone.

—- slippage zone = L - deceleration zone -

Omax=Ea(Tg—Tins) —vop

Figure 10:  Maximum stresses in the deceleration zone.

If the maximum stresses exceed the allowable stresses calculated from the formula,

Rer
Omax = 9pop = T (34)
m

then, when designing the geometry of the route of the heat network, it is necessary
to keep the stress level below the level of allowable stress.

- slippage zone = L -
Ppag o =E(Ti=Tins ) ~vOp

Opor

Figure 11:  Maximum stresses in relation to allowable stresses.

- slippage zone = L -

sl

Omax=Ea(Tg—Tins) —vOp

Toop

Figure 12:  Required stress distribution in the pipeline.
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To achieve this, it is necessary to locate free ends at appropriate points to allow the
pipeline to “unload” deformations. Since the TWIN PIPE technique lacks axial expan-
sion joints that could be used as free ends in the straight line of the network route, it is
necessary to use diversion of the route with compensating elbows.

- L -

slippage zone = L - Omax =Ea(Ti—Tins ) —VOp

Opore ||

Figure 13:  The use of compensating elbows as free ends of the pipeline.

The maximum spacing of compensating elements (free ends) in this technique of
laying pre-insulated pipelines is:

Lo =2 “lnax (35)

Figure 14:  Keeping stresses lower than allowable stresses.
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6.1. Permissible stresses
The maximum axial stress depends on the yield strength of the steel at elevated
temperatures and the safety coefficient. They can be determined by the formula:

Rer
Opop = —— (36)
¥Ym

In the attached tables for the adopted temperature range:

+ of 125°C/65°C network, on the basis of calculations, the maximum stresses
(forym=1.1)

+ were assumed to be at the level of goor = 187 N/mm?,

« and for 90°C/55°C consumer installations, the maximum stresses were as-
sumed to be at the

+  level of ooor =196 N/mm?.

Depending on the temperature of the medium in the supply pipeline and its rise rel-
ative to the installation temperature, we distinguish between two diagrams of stresses
arising in line pipes:

+ when we can design pipelines without the limit of allowable stresses or when
the maximum axial stresses developed in the pipelines will not exceed the al-
lowable stresses,

+ when the maximum axial stresses developed in the pipelines exceed those
specified as permissible.

Recognising that, according to the preliminary assumptions, the designs of net-

works in the TWIN PIPE system are classified as Class A designs, it should be ob-
served that the axial stresses do not exceed the permissible stresses.
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6.2. Length of the slippage zone L and elongation of the section

Thermal networks, where the temperature rise in the supply pipeline relative to the
installation temperature does not exceed about 75°C, can be classified as networks
laid without stress limit. In this case, the length of the slippage zone (friction section)
can be determined from the formula:

2-A N,
L=""(E-a ATy + (05=v) - 6p) = —= (37)
F F
In this case, the displacement of the free end of the pipe assembly (elongation of
the section) is determined from the formula:

F-12
4.FE-A

§= (38)

6.3. Permissible installation length Lwaxand section elongation

If the temperature rise in the supply pipeline relative to the installation temperature
exceeds about 75°C, we are required to limit the installation length to the value calcu-
lated from the formula:

2.4 1 Ny
LMAX:_F '(JDOP+E'JP_2.A_JAT) (39)

In this case, the displacement of the free end of the pipe assembly (elongation of
the section) is determined from the formula:

! F-l NR)
=—|E . a- - ) - gy ——2 40
8 E(E a- ATy 4-A+(0'5 V) - op > A (40)

6.4. Summary of permissible installation lengths

The tables on the following page show the permissible installation lengths and sec-
tion elongations for 125°C/65°C network, for 90°C/55°C consumer installations and for
the basic SERIES 1 - standard insulation.

For SERIES 2 and SERIES 3, tables of values are included in the chapter: Auxiliary
tables.
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Table 8:  Calculations for 125°C/65°C network — SERIES 1.
Steel pipes Jacket Heat network with parameters of 125°C/65°C - installation temperature of 10°C. Backfill density of 18 kN/m3
ISHEEE“SOJ d A D Frictional force per unit of length F — [kN/m], Installation length Luax, — [m] and its elongation 8Ly — [mm] for the corresponding cover H:
STANDARD aw | ©° : ° 08m om T2m T4m T6m 8m 20m
[mm] | [mm] [mm] [mm] F Luax_ | Slwax F Luax | OLwax | F Luax [Oluax| F Luax [OLwax | F Luax | SLuax F Luax [Oluax| F Luax_| BLwax
DN (2x20)/125 20 269 | 26 198.5 125 1.75 23.0 18 217 [ 185 [ 14 259 [155 [ 12 301 | 135 [ 10 344 115 9 38 [105) 8 428 | 95 7
DN (2x25)/140 25 337 | 26 254.0 140 1.97 26.5 20 244 [ 215 | 16 291 [ 180 [ 14 339 | 155 [ 12 386 [135( 10 433 [120] 9 480 [ 110 8
DN (2x32)/160 32 424 | 29 359.9 160 221 33.0 25 281 [ 265 20 335 [225( 17 388 | 19.0 [ 15 443 [170 [ 18 496 [ 150 | 12 550 | 135 | 10
DN (2x40)/160 40 48.3 29 4136 160 221 38.0 29 281 [310 [ 24 335 [ 260 20 389 | 220 | 17 443 [195 [ 15 497 [175] 13 551 | 165 | 12
DN (2x50)/200 50 603 | 29 522.9 200 2.87 39.0 30 354 315 | 24 422 | 265 | 20 489 | 225 | 17 557 200 15 624 | 175 | 14 692 | 160 | 12
DN (2x65)/225 65 76.1 29 666.9 225 3.26 445 34 402 360 27 478 300 23 553 | 260 [ 20 630 [230( 17 705 [ 205 | 16 781 | 185 | 14
DN (2x80)/250 80 889 | 32 861.6 250 3.65 51.5 39 450 | 415 | 32 534 [350( 27 6.18 | 305 [ 23 7.03 [265 | 20 787 [240 | 18 871 | 215 | 16
DN (2x100)/315 100 1143 [ 36 1252.0 315 4.69 59.0 45 575 [ 480 [ 36 6.82 |405 [ 31 7.88 | 350 [ 27 895 [31.0 [ 23 | 1001 [ 275 | 21 11.07 [ 250 | 19
DN (2x125)/400 125 1397 [ 36 1539.3 400 6.08 57.0 43 743 | 47.0| 35 877 [39.5| 30 | 1012 | 345 | 26 | 1148 | 30.0 | 23 | 1283 | 27.0 | 20 [ 1418 | 245 | 19
DN (2x150)/450 150 168.3 | 4.0 2064.7 450 6.96 68.0 51 847 | 555 | 42 999 | 470 | 36 1151 [ 410 | 31 13.04 | 360 | 27 1455 | 325 | 24 16.07 [ 29.0 | 22
DN (2x200)/560 200 [ 2191 [ 45 3033.8 560 8.94 79.0 60 | 1083 | 655 | 49 | 1272 | 555 | 42 | 1460 | 485 | 36 | 16.51 | 430 | 32 | 1840 | 385 | 29 | 2029 | 350 | 26
Table 9:  Calculations for 90°C/55°C network — SERIES 1.
Steel pipes Jacket Heat network with parameters of 90°C/55°C - installation temperature of 10°C. Backfill density of 18 kN/m3
ISnEsi\laEti: d A o Frictional force per unit of length F— [kN/m], Installation length L, — [m] and its elongation 8Lax — [mm] for the cover H:
STANDARD dn © s : ° 0.8m 1.0m 12m 14m 16m 18m 20m
[mm] | [mm] [mm] [mm] F Luax | Olwax| F Lax_| SLuwax F Luax | Slwax | F Luax_| SLuax F Luax | Blwax | F Luax_| BLuax F Luax_| SLuax |
DN (2x20)/125 20 269 | 26 198.5 125 1.75 315 1 217 | 255| 9 259 | 215| 8 301 | 185 7 344 [ 160 6 38 [140] 5§ 428 | 130 5
DN (2x25)/140 25 337 | 26 254.0 140 1.97 36.5 13 244 1290 | 11 291 | 245| 9 339 | 210 8 38 [185[ 7 433 [165 ] 6 480 | 150 5
DN (2x32)/160 32 424 | 29 359.9 160 221 45.0 16 281 | 360 13 335 1305 11 388 [260]| 9 443 1230 | 8 49 | 205 7 550 | 185 7
DN (2x40)/160 40 483 | 29 4136 160 221 52.0 19 281 | 420 15 335 | 350 | 13 389 | 300 11 443 265 | 10 497 [235] 9 551 | 210 8
DN (2x50)/200 50 60.3 2.9 522.9 200 2.87 52.5 19 354 | 425 | 15 422 [355[ 13 489 [305| 11 557 | 270 | 10 624 | 240 9 692 | 215| 8
DN (2x65)/225 65 76.1 29 666.9 225 3.26 59.5 21 402 [485 | 17 478 [ 405 | 15 553 | 350 [ 13 630 [31.0[ 11 705 [275] 10 781 | 250 9
DN (2x80)/250 80 889 | 32 861.6 250 3.66 69.0 25 450 [560 [ 20 534 | 470 | 17 6.18 | 405 [ 15 7.03 [360( 13 787 [320] 11 872 | 290 [ 10
DN (2x100)/315 100 | 1143 | 36 1252.0 315 470 79.0 28 576 | 640 | 23 6.82 | 540 | 19 788 | 470 [ 17 895 | 415 15 [ 1001 [ 370 | 13 | 11.07 | 335 [ 12
DN (2x125)/400 125 | 1397 | 36 1539.3 400 6.08 76.0 27 743 | 625 | 22 878 |525| 19 | 1012 [ 455 | 16 | 1148 | 40.0 | 14 | 12.83 | 36.0 [ 13 | 1418 | 325 | 12
DN (2x150)/450 150 | 168.3 | 4.0 2064.7 450 6.96 90.0 32 848 | 740 | 26 | 1000 625 ( 22 | 1151 [ 545 | 19 | 1304 [ 480 | 17 | 1456 [ 430 | 15 [ 16.07 [ 39.0 | 14
DN (2x200)/560 200 | 2191 | 45 3033.8 560 8.95 1045 | 37 | 1084 [ 860 30 | 1272 | 735 | 26 | 1461 | 64.0 | 22 | 1652 | 56.5 | 20 | 1841 | 50.5 | 18 | 2029 | 460 [ 16
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7. Hydraulic calculations

7.1. Use of spreadsheets

The use of properly prepared spreadsheets makes it possible to carry out hydraulic
analysis of the entire network system under consideration. Linear and local losses
should be calculated, for example, according to PN-76/M-34034.

The difficulty of the task is to determine the linear resistance coefficient A. The cal-
culation should take into account the variability of flows characterised by the Reynolds
number Re.

Re = (41)
v
+ for the range Re <2300
64
=— 42
i Re (42)

+ for the range 2300 < Re < 4000, in the critical zone, we can determine the re-
sistance coefficient with sufficient accuracy from the Walden formula:

1
2
6,10 , 0,268 -k (43)
(—2 -log (Reulglﬁ + T ))

for the range Re > 4000, the Walden formula can also be used, but on closer anal-
ysis it is necessary to check that the relative roughness € meets the condition:

k S 23
E=— > g, = —
9" Re

44
4 (44)

if not, the coefficient of linear resistance should be determined from the Prandtl-
Karman formula:

-2
AR
A= (2-109%) (45)
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and otherwise from the Colebrook-White formula:

46
—2-Iog( 251 ¢ ) (46)

In both cases, due to the complexity of the formulae, the first approximation should
be made using the Walden formula. Sufficient accuracy is obtained after 4-6 approxi-
mations.

Taking the linear resistance coefficient calculated in this way, the unit linear re-
sistance can be determined from the following relationship:

A-w?og
P = 47
Ri 4, (47)
while local resistances based on the relationship:
e-w’
Z=3X¢- (48)
the total pressure loss can be calculated from the relationship:
g-w’
Z=2XE- 5 (48)
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7.2. Graphic method

For the purpose of estimating the required diameter of the pipeline, the chart in the
figure can be used.

Using the chart involves connecting two selected parameters with a straight line
and extending it so that you can read the other parameters.

Inside diameter Mass flow rate Velocity ~ Dynamic Pressure loss
pressure
[mm] [Kgis] (Th) [mis] [Pa) [Pa/m]
600— 7000 25 —— 300 000 ~5000
550} 5000—f 20000 2t 200000 4000
E 4000 3
%003 3000 - 3000
450 i D £ 3
: 2000 - 2500
400—] 1500 42000
350 -+-1500
. 1000
300— 20 “F 800
B —+-800
4700
250 +-600
500
] {400
e
180— 00,
170
160—
150—
140f
130—
120
110
100—|
90|
80—
75—
70
65—
60—
55
50—
a5
407 0.15
35— ;
] 0.08=
| 0.06
30—} 0.05—
i 0.04
; 0.03
25

Figure 15:  Nomogram of flow, diameter selection and pressure loss.
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8. Heat loss calculation of the TWIN PIPE assembly

The computational model is shown in the figure below.

ts. As

Figure 16:  Model for calculating heat loss in twin pipes.

Currently, the superposition method is the preferred method for calculating heat
loss in pre-insulated pipelines according to PN-EN 13941-1.

In this method, we create two systems (see figure) — symmetric and antisymmetric.
We calculate each of these systems separately, and then add up the calculations.

Figure 17:  Diagram of assumptions for calculating heat loss by the superposition method

For each system, we calculate the required temperature:

t-t)

Figure 18: Temperature in symmetric (TS) and antisymmetric (Ta) systems.
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For the symmetric system, the temperature is:

Ts

2

T+ Ty

and for the antisymmetric system it is:

TA =

Tr =Ty

2

By introducing two auxiliary variables:

and

hst =2 -

A

—-In

s

0

PETRRpN i [
@ =nf— o-ln

t

_ A=A
S T
2-(1—-0%)

D; ¥
47

y=—""—"F
1—0‘-(

we proceed to calculate the coefficients: — symmetric coefficient

4'ZC
l
( D, )+ n

do
2-C

(

L DY (e
2-C-dy) 7 M\ DF-c*

2'a-d0~C3)2

_2 o dg C
DF—C*

1+ (d—"

c
Ze

)2

2-C

DE+C?

¢ [(2:do-Di-C :
Df = C*

and antisymmetric coefficient

d, C-dy  2-0-dy D}

D —c*

c)z

D} —c?

)_

(ﬁ_y'm.zg"'
d,

Trcr) ¢
+2~a"d,_2)~D!-2-iD4‘;‘;]; (55)

‘ol
1'(2-c) VT

(D]

(50)

(51)

(52)

(53)

(54)
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where:

€ =Lp+d,[m] (56)
Z_K
Ro = 0,0685 — (58)

while the thermal conductivity coefficient for the backfill should be taken from the
following values:

I"I.S- =1 0 W df_'y sand
! m:- K
ﬂ._g =1 6 medium dﬂ”lp sand (59 )
’ m: K !

Ag =20 ——
S m-K damp sand

The heat loss through the supply pipeline in the twin system is calculated from the
formula:

w
= — (60
qr = qstqa )

and the heat loss through the return pipeline in the twin system is calculated from
the formula:

w
— _ 61
qr = q4s —4qa m (61)

We determine the individual components needed for these calculations from the
formulae:

w
QS=(Ts—fs)‘2'?T'/11'hsE (62)
w
Gu=Ta 2w Ay hy o (63)

and the total heat loss through the pipe assembly of the TWIN PIPE system is:

w
Zq:q}?""q}?:Z'qSE (64)
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The table shows symmetric and antisymmetric coefficients for use in calculating the
heat loss of pipelines laid at different depths.

Table 10: Symmetric and antisymmetric coefficients for heat loss calculations - STANDARD insula-
tion.

Symmetric and antisymmetric heat loss coeﬁ\cwents for calculation of heat loss in pre-insulated TWIN PIPE pipelines by the superposition method, for ts =
8°Ciks

SERIES 1 - :As = 1.6 W/mK; A = 0.029 W/mK and pipeline cover H =
STANDARD 0.60 m 0.80 m 1.00m 1.20m 1.40m 1.60m 1.80m 2.00m
insulation hs ha [X ha [X [ [X [X [X [X [X [X h [X h [X
[-] [-] [-] [-] [-] [-] [-] [-] [-] [-] [-] [-] [-] [-] [-] [-]

DN (2x20)/125 | 0.5377 | 0.9108 | 0.5353 | 0.9108 | 0.5334 | 0.9108 [ 0.5317 | 0.9108 | 0.5304 | 0.9108 | 0.5291 | 0.9108 | 0.5280 | 0.9107 | 0.5271 | 0.9107

DN (2x25)/140 | 0.5306 | 0.9749 | 0.5877 | 0.9749 | 0.5854 | 0.9749 | 0.5834 | 0.9749 | 0.5818 | 0.9749 | 0.5803 | 0.9749 [ 0.5790 | 0.9749 | 0.5778 | 0.9749

DN (2x32)/160 | 0.6416 | 1.0509 | 0.6382 | 1.0508 | 0.6355 | 1.0508 | 0.6332 | 1.0508 | 0.6313 [ 1.0508 | 0.6296 | 1.0508 | 0.6280 | 1.0508 | 0.6267 | 1.0508

DN (2x50)/200 | 0.7496 | 1.1215 | 0.7451 | 1.1214 | 0.7415 | 1.1214 | 0.7384 | 1.1214 | 0.7358 [ 1.1214 | 0.7335 | 1.1214 [ 0.7315 | 1.1214 | 0.7296 | 1.1214

)
)
DN (2x40)/160 | 0.7707 | 1.0816 | 0.7659 | 1.0816 | 0.7620 | 1.0816 | 0.7587 | 1.0816 | 0.7559 | 1.0816 | 0.7534 | 1.0816 [ 0.7513 | 1.0816 | 0.7493 | 1.0816
)
)

DN (2x65)/225 | 0.9015 | 1.1718 | 0.8951 | 1.1717 | 0.8899 | 1.1717 | 0.8856 | 1.1716 | 0.8818 | 1.1716 | 0.8786 | 1.1716 [ 0.8756 | 1.1716 | 0.8730 | 1.1716

DN (2x80)/250 | 1.0322 | 1.1397 | 1.0239 | 1.1396 | 1.0172 | 1.1396 [ 1.0116 | 1.1396 | 1.0068 | 1.1396 | 1.0026 | 1.1396 | 0.9988 | 1.1395 | 0.9954 | 1.1395

DN (2x100)/315 | 1.0343 | 1.2066 | 1.0263 | 1.2065 | 1.0197 | 1.2064 | 1.0142 | 1.2064 | 1.0095 | 1.2063 | 1.0053 | 1.2063 | 1.0016 | 1.2063 | 0.9982 | 1.2063

DN (2x150)/450 | 1.1683 | 1.1587 [ 1.1587 | 1.1586 | 1.1508 [ 1.1585 | 1.1441 | 1.1584 [ 1.1383 | 1.1584 | 1.1332 | 1.1583 | 1.1287 | 1.1583 [ 1.1245 | 1.1583

(

DN (2x125)/400 | 0.9518 | 1.2006 | 0.9452 | 1.2005 | 0.9399 [ 1.2004 | 0.9353 | 1.2003 [ 0.9314 | 1.2003 | 0.9279 | 1.2003 | 0.9248 | 1.2002 [ 0.9220 | 1.2002
(
(

(2x200)/560 | 1.3132 | 1.1875 | 1.3017 | 1.1872 | 1.2922 | 1.1871 | 1.2841 | 1.1870 | 1.2770 | 1.1869 | 1.2708 | 1.1869 | 1.2652 | 1.1868 | 1.2601 | 1.1868

The following shows the maximum heat loss of pipelines with a cover of H=0.6 m
and the minimum heat loss with a cover of H = 1.6 m, both for 125°C/65°C network
and for 90°C/55°C consumer installations and for the basic SERIES 1 - standard
insulation.

For SERIES 2 and SERIES 3, tables of values are included in the chapter: Auxiliary
tables.

Table 11: Heat loss for 125°C/65°C network — SERIES 1 STANDARD insulation.

Steel pipes Jacket Heat loss under design conditions for 125°C/65°C network
SERIES 1 CoverH=06m CoverH=16m
STANDARD do Dc As = 2.0 W/(mK); ts=0°C As = 1.6 W/(mK); ts=8 °C

insulation o o o 5q o [ Iq

[mm] [mm] Wim Wim Wim Wim Wim Wim
DN (2x20)/125 20 26.9 125 144 44 188 134 34 16.8
DN (2x25)/140 25 33.7 140 157 5.0 20.7 14.5 39 184
DN (2x32)/160 32 424 160 17.0 5.5 25 15.7 4.2 199
DN (2x40)1160 40 48.3 160 19.5 7.7 272 17.9 6.0 239
DN (2x50)/200 50 60.3 200 193 7.0 26.3 178 55 233
DN (2x65)/225 65 76.1 225 223 9.5 31.8 203 75 218
DN (2x80)/250 80 88.9 250 245 12.0 36.5 221 9.7 31.8
DN (2x100)/315 100 1143 315 248 116 36.4 25 9.3 31.8
DN (2x125)/400 125 139.7 400 233 10.2 33.5 213 8.1 294
DN (2x150)/450 150 168.3 450 269 14.3 41.2 243 1.6 359
DN (2x200)/560 200 2191 560 29.7 16.7 46.4 26.6 13.7 40.3
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Table 12: Heat loss for 90°C/55°C network — SERIES 1 STANDARD insulation.

Steel pipes Jacket Heat loss under design conditions for 90°C/55°C network
SERIES 1 - CoverH=06m CoverH=16m
STANDARD do Dc As = 2.0 W/(mK); ts=0°C As = 1.6 W/(mK); ts=8°C
nsulaton o o @ Iq o [ %q
[mm] [mm] Wim Wim Wim Wim Wim Wim
DN (2x20)/125 20 26.9 125 10.1 43 14.4 9.1 3.3 124
DN (2x25)/140 25 337 140 11.0 48 158 99 37 13.6
DN (2x32)/160 32 424 160 1.9 52 171 107 4.0 14.7
DN (2x40)/160 40 48.3 160 138 6.9 20.7 123 54 17.7
DN (2x50)/200 60 60.3 200 136 6.5 20.1 122 5.0 17.2
DN (2x65)/225 65 76.1 225 159 84 243 14.1 6.6 20.7
DN (2x80)/250 80 88.9 250 175 103 278 154 8.1 235
DN (2x100)/315 100 1143 315 178 101 279 157 8.0 237
DN (2x125)/400 125 139.7 400 16.6 8.9 255 147 71 21.8
DN (2x150)/450 150 168.3 450 194 12.0 314 17.0 9.6 26.6
DN (2x200)/560 200 | 219.1 560 215 13.9 35.4 187 11.2 29.9

Due to the fact that the pipelines are laid in the frost zone, for the calculation of
SERIES 1 pipelines - standard insulation, with a cover of H = 0.6 m, the thermal con-
ductivity coefficient of the backfill was adopted as for wet sand, i.e. As = 2.0 WimK ,
and the temperature of the undisturbed ground at the level of the pipeline axis ts = 0°C.
For pipelines buried deeper, As = 1.6 W/mK and ts = 8 °C were adopted, respectively.
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9. Design indications

9.1. Pipeline laying

The way in which the elements of the TWIN PIPE system are laid in the trench is of
great importance. As shown in the figure, the pre-insulated elements should be laid in
the trench so that the steel pipelines are in a vertical position (one above the other),
with the supply pipeline (F) laid below the return pipeline (R). Such an arrangement
increases the vertical stability of the laid section of the heat network and reduces heat
loss.

A major limitation of such an arrangement is the difficulty of making corrections to
the longitudinal profile of the laid heat network. Hence, the designer’s task is to com-
prehensively assess the required depth of laying pre-insulated pipelines in relation to
the existing underground utilities of the entire area where the proposed investment will
be implemented.

It is not permissible to arrange the pre-insulated elements so that the steel pipe-
lines are laid horizontally — one next to another.

Figure 19:  TWIN PIPE element arrangement.

9.2. Trenches Table 13:  Distances in the trench.

The minimum trench dimensions TRl
(minimum width) should be adapted to OC ookt dametr | Dianosbetusen | Ditnce e et
the diameters of the pipe assemblies S i o
used and the spacing distances in the 25 <D0 < 50 250 250
trench, which are shown in the table LS = =
below.

In addition, the width of the trench
should take into account the need for
workers to walk in the trench along the
pipelines on one or both sides depend-
ing on the diameter of the pipelines.

In networks run with a steep slope
or located on slopes, it is necessary to
take into account the possibility of the
drainage effect of the trench profile.
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For the needs of the welder and the person making the connections, a stand shall
be provided at the connection points of the pre-insulated elements, which must meet
the following requirements:

* minimum length: 1.5 m

+ minimum distance between the line pipe and the bottom of the trench 0.4 m,

+ minimum distance between the wall of the line pipe and the trench wall 0.5 m.
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Figure 20:  Comparison of minimum trenches for double and single pipelines of the same diameter,
laid with the same cover.
(1) pre-insulated TWIN PIPE element, (2) sand bed, (3) marker tape,
(4) backfill, (5) paving, (6) pre-insulated element in accordance with PN-EN 253

Comparing the minimum trench cross-sections for the TWIN PIPE system and the
system compliant with PN-EN 253 (single pipes), it can be concluded that, while meet-
ing the requirements of PN-EN 13941-1, the reduction in trench volume for the
TWIN PIPE system compared to the system according to PN-EN 253 can be up to
30%, especially for small diameter pipelines.

Table 14:  Minimum trench dimensions for the TWIN PIPE system.

System according to PN-EN-15698-1 — TWIN PIPE system SERIES 1 - STANDARD insulation
i | oo | owe |t | N Mol | B | e
=0.8m

[mm} [-] [mm] [m] [m] [m3] [m?]
20 160 DN (2x20)/160 150 0.36 0.46 017 0.49
25 180 DN (2x25)/180 150 0.38 0.48 0.18 0.52
32 200 DN (2x32)/200 150 0.40 0.50 020 0.55
40 200 DN (2x40)/200 150 0.40 0.50 020 0.55
50 250 DN (2x50)/250 150 0.45 0.55 025 0.64
65 280 DN (2x65)/280 150 0.48 0.58 028 0.69
80 315 DN (2x80)/315 250 0.52 0.82 0.42 0.99
100 400 DN (2x100)/400 250 0.60 0.90 0.54 117
125 500 DN (2x125)/500 250 0.70 1.00 0.70 1.40
150 560 DN (2x150)/560 250 0.76 1.06 0.81 1.56
200 710 DN (2x200)/710 250 0.91 1.21 1.10 1.95
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Table 15:  Minimum trench dimensions for the system according to PN-EN 253 - single pipes.

System according to PN EN 253 - SERIES 1
- . Min. volume of 1.0 m
dn Dc Designation FLO‘;Z;:;SI M'"L'::ngmbed M\mvn:lm bed Be‘ng.gh:rr‘ne Ienatrl%f grench
=08m

[mm] (-] [mm] [m] [m] [m3] [m3]
20 90 DN 20/90 150 029 0.63 0.18 0.62
25 90 DN 25/90 150 029 0.63 0.18 0.62
32 110 DN 32/110 150 031 0.67 0.21 0.68
40 110 DN 40/110 150 0.31 0.67 0.21 0.68
50 125 DN 50/125 150 0.33 0.70 0.23 0.72
65 140 DN 65/140 150 0.34 0.73 0.25 0.76
80 160 DN 80/160 150 0.36 0.77 0.28 0.82
100 200 DN 100/200 150 0.40 0.85 0.34 0.94
125 225 DN 125/225 150 043 0.90 0.38 1.01
150 250 DN 150/250 250 0.45 1.25 0.56 144
200 315 DN 200/315 250 0.52 1.38 0.71 1.68

9.3. Sand bed and backfill

The sand bed is the space in close proximity to pre-insulated pipelines with a layer
thickness of min. 0.1 m and width according to the table of distances in the trench.

This space should be filled with non-cohesive sand of medium to coarse granula-
tion with the following parameters:

¢+ granularity — 04 mm,

+ grains with round edges,

+ grading curve according to PN EN 13941-2.

It is unacceptable to use materials with variable properties (such as self-stabilising
sand mixtures known and used in road construction) and sands with stone content
within the sand bed.

If, due to unfavourable ground or weather conditions, there is a risk that the bed
sand will be washed out during the operation of the network (e.g. by rainwater), the bed
zone should be covered with geotextile.

No “foreign” utilities may pass through the sand bed.

Y

1 2 3 4
100 e
90 7
80
70 | /
60 f /
50 J! vi
40 / i
30 11 / I 7
20 A
10 7
%m 0.1 1 10 100 X

Figure 21:  Limits of grading curves for sand bed according to PN-EN 13941-2.
(1) silt, (2) sand, (3) gravel, (4) stones
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According to PN-EN 13941-1, the material for the sand bed should be sand. Accord-
ing to Appendix E of the said standard, the calculations assumed medium compacted
sand with a weight of ys= 18 kN/m?* with an angle of internal friction of ¢ = 32.5°.

9.4. Minimum coverage of the pipe assembly

The minimum size of cover for pre-insulated elements and pipelines where the val-
ue of axial stresses does not exceed 190 MPa is 0.4 m.

When crossing paved surfaces with pre-insulated pipelines, this size is the depres-
sion of the top of the pipeline jacket in relation to the underside of the paved surface
substructure. This means that if the road surface including the substructure is (for
example) 60 cm thick, the cover of the pipelines should be at least H = 1.0 m. Laying
pipelines with less cover in this situation will require additional solutions (e.g. casing
pipes, pressure relief plates, etc.)

Avoid laying pipelines using minimal cover. Such a solution is only allowed in ex-
ceptional cases, after consultation with the network manager.

It is recommended to lay pre-insulated pipelines with a cover of at least 0.8-1.0 m.
This helps to avoid many collisions with power and telecommunications cables.

9.5. Maximum coverage of the pipe assembly

The table shown gives the maximum coverage of pre-insulated pipelines depending
on the designed spacing of adjacent elbows (the so-called free ends).

The calculation of the limit states of PUR foam is carried out in accordance with the
provisions of PN-EN 13941-1 and PN-EN 253, taking into account the required varia-
tion of safety coefficients. A safety coefficient for the specific gravity of the backfill was
also applied in accordance with the recommendations of PN-EN 13941-1.
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Table 16: Maximum coverage of pipelines.

Maximum coverage of pre-insulated pipelines — TWIN PIPE system
. do elbow spacing < 20.0 m (ym=2.0) elbow spacing > 20.0 m (ym=3.0)
SEREES 1 SERIES 2 SERIES 3 SERIES 1 SERIES 2 SERIES 3

[mm] [m] [m] [m] [m] [m] [m]
20 26.9 29 25 22 1.90 1.70 1.50
25 33.7 32 28 25 2.10 1.80 1.60
32 424 35 31 28 2.30 210 1.90
40 48.3 4.0 36 32 270 240 210
50 60.3 4.0 35 32 2.60 230 210
65 76.1 45 4.0 36 3.00 270 240
80 88.9 47 42 37 3.10 2.80 2.50
100 114.3 4.8 42 3.7 320 2.80 2.50
125 139.7 46 41 36 3.00 270 240
150 168.3 49 44 39 320 290 260
200 | 2191 51 45 4.0 340 3.00 260

9.6. Compensating pads

In order to protect the pre-insulated pipe assembly, where there is lateral move-
ment of the pipelines, it is necessary to design the covering of the pipelines with flexible
materials that allow the pipelines to move in the ground.

PN-EN 13941 requires that the pads be made of foamed and cross-linked, closed-
cell polyethylene PE. The stiffness of the compensating pads used must be in accord-

ance with the stiffness values used in the calculations, which are shown in the table.

Compensating pads should be designed on both sides of the pipelines. Any devia-
tion from covering pre-insulated pipelines with compensating mats should be docu-
mented in the design with calculation, checking the polyurethane foam limit states for

each such location.

Table 17: Compensating pad requirements.

Nomative & tion of typse of i g ding & Required ive siress value for pad
lormative designation of types of compensating pads according to
PN-EN 13941-1 40% 0% 5%
[kPa] [kPa] [kPa]
Type 1: HARD 85 +15% 120 +15% 480 +15%
Type 2: MEDIUM HARD 60 £15% 90 £15% 275 £15%



The compensation zone should also be designed wherever there is a lateral impact
of the ground on the surface of the pre-insulated pipe jacket, that is, at:

+ compensating bends,

* non-compensating bends,

+ side branches from the main pipeline,

+ the main pipeline at the side branch,

+ changes in the diameter of the pipeline,

¢+ shut-off valve stems,

+ ventand vertical drain stubs.

Compensating pads should be designed in different layers depending on the de-
sired thickness. In addition, they should be wrapped with a suitable protective cover.
Protective covers can consist of either geotextile with filament tape or foam film made
of cross-linked polyethylene.

According to PN-EN 13941-1 and PN-EN 13941-2, the use of compensating pads
without a protective cover is not permitted.

9.7. Fixing anchors
The figure below shows the locations of the fixing anchors used to fuse the supply
and return pipelines in the pre-insulated TWIN PIPE heat network installed.
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Figure 22:  Locations where anchors are required in the twin pipe system.
(1) transition fittings (2) assemblies of shut-off, vent and drainage fit-
tings, (3) elbows, (4) tees, (5) diameter reductions,
(6) completion of the construction phase, (7) entry into buildings,
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RADPOL uses anchors in all factory-produced fittings in the following quantities:

transition fitting -2 sets
valve assemblies -2 sets
vent assemblies -2 sets
drainage assemblies -2 sets
reducers -2 sets
elbows -2 sets
tees -3 sets

Itis the designer’s task to anticipate the need for fixing anchors at building entranc-
es if the section in front of the building is longer than 6.0 m and the entrance to the
building is through a straight pipe.

The use of anchors should also be provided for:

.
.
.
.

9.8.
9.8.1.

at the site of possible construction staging -1 set
at the site where installation work is interrupted -1 set
at the site of application of the reducer in the reduction coupler -1 set
at the site of elbow installation in the elbow coupler -2 sets
at the site where the heat network pipelines should be cut

in order to insert an additional tee -2 sets

Change of direction
Elbows

To change the direction of the network route, bends  Table 18: Elongations
(elbows) with angles from 5° to 90° (selected in 5° incre-  allowed.

ments) or arrangements of these bends are used.

In places where natural compensations are expected, | “ferworos | -

it is recommended to use bends with angles of 90° or > T
angles in the range of 75°+90°, = o
It is allowed to design changes in the direction of the % 20
heat network route with the use of bends with a range of = o
bending angles from 5°+75°, provided that: - —
+ the displacement of the top of the bend is checked - it
and a coefficient is applied to increase the size of o 500

the compensation zone, x 20

+ a comparison is made with the limit values in the 253 50

table opposite.

Figure 23:  Displacement of the pipeline top and conversion

elongations.
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The values of W1 and W2 can be calculated from the formulae:

_6 &
=t (65)
tga sina
() 8
Wz = _2 + _1 ( 66)
tga sina

Sw =\,/1/1/12+W22 (67)

The values of the maximum permissible distances between adjacent bends for in-
termediate angles should be determined by interpolation.

Itis desirable that the sections on both sides of the bend have similar lengths in the
considered range of 5°+75°, and if this is not possible, then the quotient of the lengths
of the sections should not be greater than 3.

If there are bends with an angle of deviation of the network route from 5°+75°,

they should be treated as non-compensating.

The most advantageous solution is to use a substitute layout.

Figure 24: A substitute layout using a U-shape.

Figure 25: A substitute layout using Z-shape.

The value of thermal elongations of pipelines on both sides of such a bend should
be specified in the design.
All bends should be covered with compensating pads.
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9.8.2. Bevel

Due to the difficulty of implementation, it is not recommended to design small angu-
lar deviations of the pipeline axis using bevelling. The main problem is the need for
preparatory and welding work on two independent steel pipelines. Slight vertical deflec-
tion during the course of the work can result in poor weld performance.

If such an operation is necessary, the maximum bevel angle must not exceed 3° for
each diameter of the pipe assembly.

The distance between two consecutive bevels must not be less than 20 outside di-
ameters of the line steel pipe.
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Figure 26:  Bevelling requirements.

9.8.3. Flexible bent pipes
Instead of performing the difficult bevelling process, it is more advantageous to de-
sign and perform flexible bending of the pre-insulated pipe.

o Lg

Figure 27:  Characteristic parameters of a flexible bent pipe.

To calculate the minimum bending radius of the pipe, use the formula:

E-d,
RM!N=13_R

(68)

e
and from there, we can determine the angle by which we can change the direction
of the pipeline axis:
180 - L
a =

- Ryyn

(69)
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We can also determine what the required bending radius is for a given pipeline axis
deviation angle.

180 - L
R_

= =R
p—— MIN

(70)

99. Cascades

Due to the difficulties associated with overcoming significant differences in terrain, it
is recommended to use cascades (changing the ordinate of the axis of the pipeline
vertically). Cascades should only be designed with bends with an angle of 75°-90° and
their minimum height must not be less than 2.0 m (*bend to bend”).

The design of cascades should take into account the additional slope (backfill) load,
and the elbows should be covered with compensating mats. In addition, a check should
be made to ensure that the maximum allowable coverage of the pipelines is not ex-
ceeded.

The distance between the nearest adjacent bends and the bends of the cascade
should not exceed 20 m.

Itis essential that the location of cascades is marked and described on the site plan
and installation diagram.

Cascades should be made using vertical elbows that allow for changes of direction
in the vertical plane.

910. Branches

In the network built with pre-insulated elements made in the TWIN PIPE system,
branches are made in the plane of the main pipeline. It is important to maintain the
required permissible length of the branch, which is shown in the presented relations
and the figure.

Lope = 0,5 Lyax <12m (71)

—

Figure 28:  Branch length requirements.
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In the network built with pre-insulated elements made in the TWIN PIPE system,
branches are made in the plane of the main pipeline — see the figure.
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Figure 29:  Branch in the plane of the pipelines.
(1) TWIN PIPE system tee, (2) sand bed, (3) marker tape,
(4) backfill, (5) paving

9.11.  Shut-off valves

The fitting of the valve assembly is a rather complicated steel piping system inside
the jacket, so it is not recommended to install it at the point of maximum axial stress. It
is recommended that it be mounted no further than 1/3 of the LMAX from the free end.

The location of the valve stems in the fitting allows them to be installed in a com-
mon manhole with a $600 hatch.

Due to the height location of the valves, which is related to the position of the steel
piping in the fitting, it is recommended to use stem extenders.
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Figure 30:  Shut-off valve DN (2x80) /160 with hatch clearance ®600 marked.

It is not allowed to use street boxes to house valves. The stem insulation depends
on the diameter of the valve:

* dn20and 25 -90 mm

+ dn32,40,50,65and 80 —110 mm

+ dn 100, 125, 150 —140 mm

* dn 200 —200 mm
9.12.  Vents

All vent fittings are equipped with vent valves with a diameter of dn 25 mm.
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The vents are equipped with service valves, whose body is made of stainless steel
and the spigot is made of black steel pipe.

Y &
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Figure 31:  Venting at DN (2x80) /160 with hatch clearance ®600 marked.

The location of the spigots in the fitting allows them to be installed in a common
manhole with a 600 hatch.
Itis not allowed to use street boxes to house valves.

943. Vertical drains
Drainage fittings are equipped with valves with diameters:
« dn20,25,32and 40 -25mm
+ dnb0,65,80and 100 —32mm
+ dn 125, 150 and 200 - 50 mm
The drains are equipped with service valves, whose body is made of
stainless steel and the spigot is made of black steel pipe.
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Figure 32:  Drainage at DN (2x80) /160 with hatch clearance ®600 marked.

The location of the spigots in the fitting allows them to be installed in a common
manhole with a 600 hatch.
It is not allowed to use street boxes to house valves.
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9.14. Reduction of diameters

The reducers should be designed downstream of the branches and downstream of
future planned locations of branches from the network.

When designing diameter reduction on pre-insulated pipelines, it is essential to
analyse the stress spike in the smaller diameter steel pipe, which is proportional to the
ratio of the cross-sectional areas of the pipes.

Due to the above, these assemblies may be subject to displacement, and as a re-
sult, compensating matting is required around these elements. The thickness of the
mats should be adjusted to the design displacement of the pipeline at the reduction
point during the first heating.

The following requirements should be observed when designing a reduction in
pipeline diameter:

+ do not design a reduction in pipeline diameter by more than two dimensions on

a single pre-insulated reducer,

+ in the case of a reduction at the point where stresses of < 150 MPa will occur

on the smaller diameter pipeline, a reduction of two dimensions is allowed;
+ the distance between two reducers at the point where stresses of < 150 MPa
will occur on the smaller diameter pipeline must not be less than 6.0 m,

+ in the case of a reduction at the point where stresses of > 150 MPa will occur
on the smaller diameter pipeline, a reduction of one diameter is allowed.
A larger diameter change should be achieved by using several single-stage re-
ducers.

9.15. Connections to pre-insulated networks according to PN-EN 253

The TWIN PIPE system can be combined with pre-insulated pipelines made in ac-
cordance with PN-EN 253 - single pipelines.

The connection requires a specialised fitting. At present, “Y-type” fittings are avail-
able.

The “Y-type” fitting is made in two variants that differ in the mutual arrangement of
the supply and return pipelines on the side of the single pipe system.

Variant | Variant Il

@ E

Figure 33:  Transition fitting from TWIN PIPE to single pipe system - Y type.
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A “type F” fitting, shown in figure below, which will also be made in two variants, is
under development.
- == B H

B & o 5w o o

1=12m
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Figure 34:  The condition of connecting TWIN PIPE pipelines to pipelines according to PN-EN 253.

W

Figure 35:  Transition fitting from TWIN PIPE to single pipe system - F type.

916. Passages through building partitions

A passage through building partitions (buildings, chambers or wells), can be made
using a typical rubber ring.

If groundwater is present, additional sealing should be provided in the form of seal-
ing elements (e.g. type WGC).

If the section of the heat network outside the building is longer than 6.0 m, use fix-
ing anchors inside the building (see figure).

1) 2)

4 ummin 150 4 imin 150

Figure 36:  Passages through building partitions using a rubber ring.
(1) length of straight pipe outside the building < 6.0 m
(2) length of straight pipe outside the building > 6.0 m with fixing anchor

The building wall can also be passed using a vertical elbow, which is a specialised
elbow that allows you to change direction in the vertical plane (see figure).

Lmin 150

]

Figure 37:  Passing through a wall using a vertical elbow.
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947. Real fixed points

In the design of pre-insulated pipelines, including the TWIN PIPE system, the use
of real fixed points should be avoided due to the size and difficulty of locating them in a
built-up area.

If necessary, the size and shape of the concrete block of the fixed point should be
determined by the design engineer, adapting it to the existing situation on site.

9.18. Insulation of joints

The type of couplers used to insulate the joints of pre-insulated elements under
construction conditions should be specified in detail in the design.

In the range of polyethylene jacket diameters up to Dc = 560 mm, heat shrinkable
couplers should be designed. Above this diameter, electrofusion couplers should be
used. Electrofusion couplers should also be used at the connection points of two pre-
insulated fittings, where it is not possible to install a

heat shrinkable coupler before welding.

The length of the coupler should depend on the length of the bare ends of the pre-
insulated elements.

Under no circumstances should heat shrinkable couplers be shortened.

9.19. Heat shrinkable end seals

At the ends of the pre-insulated elements, where the pre-insulation is in contact
with the outside air, heat shrinkable ends adapted to the existing diameters of the line
pipes and polyethylene jackets should be installed.

9.20. Installation in the field with underground utilities
9.20.1. Parallel installation

The heat network should be designed in a way that the recommended minimum
distances between the heat network gauge and the gauge of other objects listed below
are maintained.

+  Sewerage — basic distance of at least 1.2 m with the possibility of change with
the consent of the owner.

+  Water supply — basic distance of at least 0.9 m with the possibility of change
with the consent of the owner.

+ Cables up to 30 kV - basic distance of at least 0.5 m.

+ (Cables over 30 kV - basic distance of at least 1.0 m.

+ Gas pipeline — basic distance of at least 1.0 m with the possibility of change
based on the Regulation of the Minister of Economy of 26 April 2013 on the
technical conditions to be met by gas networks and their location.

+  Telecommunications networks — basic distance of at least 1.0 m with the possi-
bility of change with the consent of the owner and based on the Regulation of
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the Minister of Infrastructure of 26 October 2005 on the technical conditions to
be met by telecommunications construction facilities and their location.

In justified cases, upon agreement with the manager of underground utilities, it is
allowed to reduce the distances indicated above, after applying additional safety solu-
tions agreed with the managers of these networks. In addition, the design should pro-
vide technical solutions for the protection of the adjacent underground infrastructure.

The distance between the gauge of the heat network and the building, its founda-
tions (due to the risk of ground bearing capacity failure), as well as the outline of the
building above ground level (due to operational requirements, including the possible
work of equipment during repairs or failure removal) depends on the diameter of the
heat network.

9.20.2. Crossings

Irrespective of possible ground or pipeline displacements, all crossing pipelines
should be laid no closer than 150 mm from the jacket.

If this minimum distance cannot be maintained, the casing pipe must be protected
by an additional HDPE pipe over a length equal to five times the diameter of the casing
pipe, but not less than 1.5 m.

The crossing pipe must also be protected by a casing pipe.

In the vicinity of couplers, branches or valves, a minimum distance of 150 mm also
applies.

Crossings resulting from the laying of district heating pipelines over or under the
equipment of other underground infrastructure must be marked in the design, which
should also include detailed solutions to the collision, agreed or accepted by the owner
or manager of the underground utilities.

In the case of crossing the heat network with these facilities, the minimum (vertical)
distances between pre-insulated pipelines and other utilities (or the protective pipe of
other utilities) should be:

+ telecommunication networks — 0.5 m with the possibility of change based on
the Regulation with special protection (approach pipe) or specific protection
(culvert pipe or concrete footing) with the consent of the owner or manager,
while applying contact protection,

+ gas pipeline - 0.2 m with the possibility of change under the Regulation of the
Minister of Economy of 26 April 2013 on the technical conditions to be met by
gas networks and their location,

+  power cables < 30 kV - to be agreed with the power grid manager, but not less
than 0.1 m between the jacket and the cable cover,

+  power cables > 30 kV — to be agreed with the power grid manager,

+ water supply — to be agreed with the manager of the water supply network, not
less than 0.1 m,

+  sewerage — to be agreed with the sewerage system manager, not less than 0.1 m.
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921. Emergency signalling system

In order to immediately identify and locate emergency conditions, minimise operat-
ing costs and the cost of any repairs to the heat network, it is necessary to provide for
the use of elements equipped with alarm signalling system wires at the design stage.

A prerequisite for the successful operation of the system is therefore the correct
design and implementation of the so-called measuring loops.

When designing a heat network equipped with an alarm system, the designer must:

+ determine the method of pipeline inspection,

+ indicate the location of fixed equipment,

+ indicate the locations of the measuring terminals to be installed,

+ determine the size of the measuring loops,

+ draw a diagram of the alarm system installation with a description of the char-

acteristic points.

If fixed equipment is to be designed, provision should be made for:

+ the location of the equipment in accordance with the manufacturer’'s specifica-

tions,

+ the power supply to the equipment,

+ the location of the alarms.

Another task for the designer is to identify and specify the components of the con-
trol system that are mounted directly at the pipeline or placed in its close proximity,
including junction and measurement boxes.

It is advisable to install the locator in a place that allows connection to the 230 V AC
electrical system.

The measuring loop should be designed so that measurements can be taken from
at least both ends of the loop. In the case of extensive loops, it should be possible to
disconnect the loop by leading the wires from the pre-insulated element to the meas-
urement post. If a box is placed on a pole, its location should be marked on a map and
agreed along with the network location arrangements.

The insulation of the vent stub, drain or valve stem, specially prepared by the man-
ufacturer of the pre-insulated system, can also be used to disconnect the loop.

922. Operational routes

The route of the network should be designed to allow operational access to carry
out repairs or to remove failures, and, in the case of large-diameter networks, to allow
access for heavy equipment involved in the work.
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10. Thermal elongation compensation

The choice of method for compensating thermal elongation depends on local condi-
tions and an analysis of the advantages and disadvantages of each method.

Thermal elongations of pipelines can be compensated by natural bends of the route
with specially selected geometry, covered with compensating pads depending on the
displacement of the free end of the pre-insulated pipeline.

Pipelines can also be laid with preheating — for more details, contact the RADPOL
Design and Technical Consulting Team.

Commonly used compensation systems are shown in the following figures.

L
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Figure 38:  Geometry of an L-shaped compensation system.
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Figure 39:  Geometry of a Z-shaped compensation system.
The characteristic sizes for covering with compensating pads are marked.
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Figure 40:  Geometry of a U-shaped compensation system.
The characteristic sizes for covering with compensating pads are marked.

In the selection of compensation, an important element is the calculation of the
elongation of the network section in both directions.
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When considering a section of the network between two free ends at different
depths of the axis of the heat network, the formula for determining the location of the
natural fixed point for the scheme shown will be useful.

N g
NPS N

Lo

Figure 41: A computational scheme for determining the location of a natural fixed point.
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Due to the operating temperature range in the catalogue presented, most compen-
sation systems will be limited to the size formed by two interconnected pre-insulated
elbows.

For an operating temperature of 125°C/65°C and elongations of &max shown in the
tables above, the required compensation element heights shown in the table can be
used for the basic design.

If the elongation & is different, a detailed recalculation can be made, but Z-shaped
and U-shaped compensation elements should be formed using pre-insulated elbows
without shortening.

X =

Variant |

Variant Il

Figure 42:  Methods of covering pipelines with compensating pads.

In order to apply the table, the thickness of the compensating pads should be se-
lected according to the formula:

Dp=24-6 (73)

and the pads should be arranged according to Variant Il in the figure shown.
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Table 19: Selection of natural compensation system heights.

SERIES 1 — Steel pipes Jacket C ion heights for H=0.6 m and duax
STANDARD do Dc Ly a ay
Insulation dn {mm] {mm] m m m
DN (2x20)/125 20 269 125 15 2.0 2.0
DN (2x25)/140 25 37 140 15 2.0 2.0
DN (2x32)/160 32 424 160 20 2.0 2.0
DN (2x40)/160 40 48.3 160 20 2.0 2.0
DN (2x50)/200 50 60.3 200 25 2.0 2.0
DN (2x65)/225 65 76.1 225 3.0 2.0 2.0
DN (2x80)/250 80 88.9 250 30 2.5 2.0
DN (2x100)/315 100 114.3 315 30 2.5 2.0
DN (2x125)/400 125 139.7 400 30 2.5 2.0
DN (2x150)/450 150 168.3 450 35 3.0 2.5
DN (2x200)/560 200 2191 560 35 35 2.5
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1. Auxiliary tables

Below we present auxiliary tables for TWIN PIPE assemblies made in SERIES 2
(Insulation+) and SERIES 3 (Insulation++) in accordance with PN-EN 15698-1.

Table 20: Overview and method of labelling of pre-insulated SERIES 2 and SERIES 3 elements.

Steel ipes INSULATION + INSULATON ++
do s T+ No. A Da B designation Da B designation
[mm] | [mm] [mm] [mm] [mm?] [mm] | [mm] (-] [mm] | [mm] [-]
20 26.9 26 0.3 19.0 1985 140 3.0 DN (2x20)/140 160 30 DN (2x20)/160
25 33.7 26 0.3 19.0 254.0 160 3.0 DN (2x25)/160 180 30 DN (2x25)/180
32 424 29 0.3 19.0 359.9 180 3.0 DN (2x32)/180 200 32 DN (2x32)/200
40 483 29 0.3 19.0 4136 180 3.0 DN (2x40)/180 200 32 DN (2x40)/200
50 60.3 2.9 0.3 20.0 522.9 225 34 DN (2x50)/225 250 3.6 DN (2x50)/250
65 76.1 29 0.3 20.0 666.9 250 3.6 DN (2x65)/250 280 39 DN (2x65)/280
80 88.9 32 0.3 25.0 861.6 280 3.9 DN (2x80)/280 315 4.1 DN (2x80)/315
100 [ 1143 | 36 0.4 25.0 1252.0 355 45 DN (2x100)/355 400 4.8 DN (2x100)/400
125 [139.7 | 36 0.4 30.0 1539.3 450 5.2 DN (2x125)/450 500 5.6 DN (2x125)/500
150 168.3 4.0 0.5 40.0 2064.7 500 56 DN (2x150)/500 560 6.0 DN (2x150)/560
200 | 2191 | 45 0.5 45.0 3033.8 630 6.6 DN (2x200)/630 710 7.2 DN (2x200)/710

Table 21: Frictional force values — SERIES 2 — INSULATION + pipelines.

Steel pipes Jacket F — frictional force per unit of length [kN/m] for H-cover:
SERIES 2 q S A Do
INSULATION + dn ° : H=0.8 1.0m 12m 14m 16m 1.8m 20m
[mm] | [mm] | [mmZ] [mm]
DN (2x20)/140 20 269 26 198.5 140 1.96 244 291 3.38 3.85 433 3.85
DN (2x25)/160 25 33.7 26 254.0 160 226 2.80 3.34 3.88 4.42 4.96 4.42
DN (2x32)/180 32 424 29 359.9 180 2.56 3.16 377 4.38 4.99 5.59 4.99
DN (2x40)/180 40 483 29 413.6 180 2.56 317 378 4.38 4.99 5.60 4.99
DN (2x50)/225 50 60.3 2.9 5229 225 3.24 4.00 4.76 5.51 6.28 7.03 6.28
DN (2x65)/250 65 76.1 29 666.9 250 3.63 4.48 5.32 6.16 7.01 7.85 7.01
DN (2x80)/280 80 889 3.2 861.6 280 41 5.05 6.00 6.94 7.89 8.83 7.89
DN (2x100)/355 100 114.3 3.6 1252.0 355 5.32 6.51 771 8.90 10.11 11.31 10.11
DN (2x125)/450 125 139.7 3.6 1539.3 450 6.88 8.40 991 1143 12.96 14.48 12.96
DN (2x150)/500 150 168.3 4.0 2064.7 500 7.78 9.46 11.15 12.83 14.53 16.22 14.53
DN (2x200)/630 200 2191 4.5 3033.8 630 10.14 12.26 14.39 16.51 18.66 20.78 18.66

Table 22: Values of frictional force - pipelines SERIES 3 - INSULATION ++.

SERES?2 Steel pipes Jacket F — frictional force per unit of length [kN/m] for H-cover:
INSULATION ++ |~ dn ® y A 1 heos | tom | t2m t4m | 16m | t8m | 20m
[mm] | [mm] | [mm?] [mm)

DN (2x20)/160 20 269 26 198.5 160 2.25 279 3.33 3.87 4.39 4.92 4.39
DN (2x25)/180 25 337 26 254.0 180 2.55 3.15 3.76 4.37 4.94 5.55 4.94
DN (2x32)/200 32 424 29 359.9 200 2.85 352 4.20 4.87 5.50 6.18 5.50
DN (2x40)/200 40 48.3 29 4136 200 2.86 3.53 4.20 4.88 5.50 6.18 5.50
DN (2x50)/250 50 60.3 29 522.9 250 3.61 4.46 5.30 6.14 6.92 7.76 6.92
DN (2x65)/280 65 76.1 29 666.9 280 4.09 5.03 597 6.92 .77 871 777
DN (2x80)/315 80 88.9 32 861.6 315 464 571 6.77 7.83 8.77 9.83 8.77
N (2x100)/400 100 1143 36 1252.0 400 6.03 7.37 8.72 10.07 11.23 12.58 11.23
N (2x125)/500 125 139.7 36 1539.3 500 7.70 9.39 11.07 12.76 14.18 15.87 14.18
DN (2x150)/560 150 168.3 4.0 2064.7 560 8.78 10.67 12.56 14.44 15.98 17.86 15.98
DN (2x200)/710 200 2191 45 3033.8 710 11.55 13.94 16.33 18.73 20.56 22.95 20.56
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Table 23: Calculations for 125°C/65°C network — SERIES 2.

Steel pipes Jacket Heat network with parameters of 125°C/65°C - installation temperature of 10°C. Backfill density of 18 kN/m3
SERIES 2 4 A Iy Frictional force per unit of length F - [kN/m]. Installation length Lux — [m] and its elongation SLux - [mm] for the cover H:

INSULATION+ | gn o ° 08m 1om 2m 4m T6m 8m 20m

[mm] | [mm] [ [mm2] [mm] F Luax_ | Bluax | F Lwax | Blwax| F Lwax | Olwax | F Lwax | 8lwax| F Luax [Sluax | F Luax |Olwax| F Lusax_| SLasax
DN (2x20)/140 20 269 | 26 198.5 140 1.96 20.5 16 244 165 [ 13 291 | 140 [ 11 338 | 120 9 385 | 105| 8 433 | 95 7 480 | 85 6
DN (2x25)/160 25 337 | 26 254.0 160 226 23.0 18 280 [ 185 14 334 | 155 | 12 388 | 135 | 10 442 (120 9 496 [105] 8 549 | 95 7
DN (2x32)/180 32 424 | 29 359.9 180 2.56 29.0 2 316 [ 235 18 377 | 200 | 15 438 [ 170 | 13 499 [150 | 11 559 | 135 | 10 620 [120] 9
DN (2x40)/180 40 483 29 4136 180 2.56 34.0 26 347 2716 2 378 | 230 [ 18 438 [195) 15 499 [175] 18 560 | 155 | 12 6.21 140 [ 11
DN (2x50)/225 50 603 | 29 522.9 225 3.24 345 26 400 [280 [ 21 476 | 235 | 18 551 | 200 | 15 628 | 17.5| 13 7.03 | 155 | 12 779 [140] 11
DN (2x65)/250 65 76.1 29 666.9 250 3.63 40.0 30 448 | 320 24 532 | 210 [ 21 6.16 | 235 | 18 7.01 | 205 | 16 7.85 | 185 | 14 869 [165] 13
DN (2x80)/280 80 889 | 32 861.6 280 4.1 455 35 505 [37.0( 28 6.00 | 31.0 [ 24 6.94 | 270 | 21 7.89 | 235| 18 8.83 | 21.0 | 16 978 [19.0] 15
DN (2x100)/355 100 1143 | 36 1252.0 355 5.32 52.0 39 651 [425 (| 32 771 | 360 | 27 890 | 310 | 24 | 1011 | 275 | 21 1131 [ 245 | 19 | 1250 [ 220 | 17
DN (2x125)/450 125 139.7 | 36 1539.3 450 6.88 50.5 38 840 | 415 31 991 [350 | 26 | 1143 | 305 | 23 | 1296 | 265 | 20 | 1448 | 240 | 18 | 1599 [ 215 | 16
DN (2x150)/500 150 168.3 | 4.0 2064.7 500 7.78 60.5 46 946 | 500 | 38 1115 [ 420 | 32 12.83 | 365 | 28 1453 | 325 | 24 16.22 | 290 | 22 17.90 | 26.0 [ 20
DN (2x200)/630 200 | 2191 | 45 3033.8 630 10.14 | 700 52 | 1226 | 575 | 43 | 14.39 | 49.0 | 37 | 16.51 | 430 | 32 | 1866 | 380 | 29 | 20.78 | 340 | 26 | 2291 (310 | 23

Table 24: Calculations for 125°C/65°C network — SERIES 3.
Steel pipes Jacket Heat network with parameters of 125°C/65°C ~ installation temperature of 10°C. Backfill density of 18 kN/m3
SERIES 2 d s A De Frictional force per unit of length F— [kN/m]. Installation length Lux — [m] and its elongation SLux - [mm] for the cover H:

INSULATION + dn . ¢ 0.8m 1.0m 12m 14m 16m 1.8m 20m

[mm] | (mm] | [mmZ [mm] F Luax  [OLwax| F f Luax |OLwax| F | Luax [Oluax| F | Luwx [Slwax| F | Lwax |BLwax] F | Luax |BLuax| F | Luax | Sluax
DN (2x20)/140 20 269 | 26 198.5 140 1.96 20.5 16 244 165 [ 13 291 [140 | 11 338 [120] 9 385 | 105 8 433 | 95 7 480 | 85 6
DN (2x25)/160 25 337 | 26 254.0 160 2.26 23.0 18 280 [ 185 [ 14 334 [165 | 12 38 [135] 10 442 | 120 9 496 | 105 | 8 549 | 95 7
DN (2x32)/180 32 424 29 359.9 180 2.56 29.0 22 316 [ 235 | 18 377 [200] 15 438 [170] 13 499 1150 | 11 559 | 135 | 10 620 | 12.0 9
DN (2x40)/180 40 48.3 29 4136 180 2.56 34.0 26 347 | 2715 | 21 378 [230 | 18 438 [ 195 ] 15 499 | 175 | 13 560 | 1565 [ 12 6.21 14.0 1"
DN (2x50)/225 50 60.3 29 522.9 225 3.24 34.5 26 400 [280 [ 21 476 | 235 | 18 5.51 200 | 15 628 | 17.5 [ 13 7.03 | 155 | 12 779 | 140 11
DN (2x65)/250 65 76.1 29 666.9 250 3.63 40.0 30 448 | 320 24 532 (270 | 2 616 [ 235 | 18 7.01 | 205 | 16 785 | 185 | 14 869 |165| 13
DN (2x80)/280 80 889 | 32 861.6 280 4.11 455 35 505 [37.0( 28 6.00 [310 | 24 694 [270 ] 21 789 | 235 18 883 | 21.0 | 16 978 [19.0]| 15
DN (2x100)/355 100 1143 | 36 1252.0 355 5.32 52.0 39 651 [425 | 32 771 [360 ] 27 890 [31.0] 24 | 1011 | 275 | 21 1131 [ 245 | 19 | 1250 | 220 | 17
DN (2x125)/450 125 1397 | 36 1539.3 450 6.88 50.5 38 840 415 31 991 [350 | 26 | 1143 | 305 | 23 | 1296 [ 265 | 20 | 1448 | 240 [ 18 [ 1599 | 215 | 16
DN (2x150)/500 150 1683 | 4.0 2064.7 500 7.78 60.5 46 946 [ 500 [ 38 [ 1115 [ 420 | 32 | 1283 [ 365 | 28 | 1453 | 325 | 24 | 1622 [ 290 | 22 | 1790 | 260 | 20
DN (2x200)/630 200 | 2191 | 45 3033.8 630 10.14 | 700 52 | 1226 [ 575 | 43 | 14.39 | 400 | 37 | 1651 [ 430 | 32 | 1866 | 380 | 29 | 2078 [ 340 | 26 | 2291 | 310 23
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Table 25: Calculations for 90°C/55°C network — SERIES 2.

Steel pipes Jacket Heat network with parameters of 125°C/65°C - installation temperature of 10°C. Backfill density of 18 kN/m3
SERIES 3 4 R A De Frictional force per unit of length F - [kN/m]. Installation length Luax — [m] and its elongation Luax - [mm] for the corresponding cover H:
INSULATION++ dn 0 : 08m 1.0m 1.2m 14m 1.6m 1.8m 20m
[mm] | [mm] |  [mm?] [mm] F Luax | Blwax | F Luax | Blwax | F Luax | Blwax | F Lwax_| Blwax [ F Luax_| Blwax | F Luax | Blwax | F Luax_| Bluax
DN (2x20)/160 20 269 | 26 198.5 160 225 | 180 14 | 279 [ 145 1 333 [ 120 9 3.87 | 105 8 439 | 9.0 7 492 | 80 6 546 | 75 6
DN (2x25)/180 25 337 | 26 254.0 180 255 | 205 16 | 315 [ 165 13 | 376 [ 140 1" 437 | 120 9 494 | 105 8 555 | 95 7 616 | 85 7
DN (2x32)/200 32 424 | 29 359.9 200 285 [ 260 | 20 | 352 | 21.0 16 | 420 [ 175 14 | 487 | 155 12 | 550 | 135 10 | 6.18 | 12.0 9 6.85 | 11.0 8
DN (2x40)/200 40 483 | 29 4136 200 286 | 305 | 23 | 353 | 245 19 | 420 | 205 16 | 488 | 175 14 550 | 156 12 | 6.18 | 140 1 6.85 | 125 10
DN (2x50)/250 50 60.3 | 29 522.9 250 361 | 310 | 23 | 446 | 250 19 | 530 | 210 16 | 6.14 | 18.0 14 | 692 | 16.0 12 | 776 | 140 1 8.60 | 13.0 10
DN (2x65)/280 65 76.1 29 666.9 280 409 [ 355 | 27 [ 503|285 | 22 | 597 | 240 18 | 692 | 21.0 16 | 7.77 | 185 14 | 871 | 165 13 | 966 | 150 1
DN (2x50)/315 80 889 | 32 861.6 315 464 | 405 | 31 571 [ 330 | 25 (677 | 215 [ 21 7.83 | 240 18 | 877 | 215 16 | 983 | 19.0 14 ] 10.89 | 17.0 13
DN (2x100)/400 100 1143 | 36 1252.0 400 6.03 | 460 | 35 [ 737 | 375 | 28 | 872 ( 315 | 24 [1007 | 275 | 21 | 1123 | 245 19 | 1258 | 22.0 17 | 1393 | 195 15
DN (2x125)/500 125 139.7 | 36 1539.3 500 7.70 [ 450 | 34 | 939 | 37.0 | 28 [11.07 | 315 | 24 |1276| 270 [ 21 | 1418 | 245 19 [ 1587 [ 22.0 17 [ 17.55 [ 19.5 15
DN (2x150)/560 150 168.3 | 4.0 2064.7 560 8.78 | 53.5 41 1067 | 44.0 33 | 1256 | 375 28 | 1444 | 325 25 | 1598 | 295 22 [ 1786 | 265 20 [ 1975 | 240 18
(2x200)/710 200 [ 2191 [ 45 3033.8 710 | 1155 [ 615 | 46 | 1394 505 | 38 [16.33 )| 435 | 33 | 1873 | 375 [ 28 | 2056 | 345 | 26 |2295| 305 | 23 (2534 | 280 | 21
Table 26: Calculations for 90°C/55°C network — SERIES 3.
Steel pipes Jacket Heat network with parameters of 90°C/55°C - installation temperature of 10°C. Backfill density of 18 kN/m3
SERIES 2 d s A De Frictional force per unit of length F— [kN/m]. Installation length Luax — [m] and its elongation SLux - [mm] for the cover H:
INSULATION + dn . ¢ 0.8m 1.0m 12m 14m 16m 1.8m 20m
[mm] | [mm] [ [mm?] [mm] F ) Luax |Olwax | F | Lwex |OLwax | F | Luwc [Olwax | F | Luwx [Olwax [ F | Lwax [Slwax | F | Luax |8Lwax | F | Luax | 8luax
DN (2x20)/140 20 269 | 26 198.5 140 196 | 285 10 244 | 225 8 291 [ 19.0 7 338 | 165 6 385 | 145 5 433 | 125 5 480 | 115 4
DN (2x25)/160 25 337 | 26 254.0 160 226 | 315 1 2380 | 255 9 334 | 215 8 3388 | 185 7 442 | 16.0 6 496 | 145 5 549 | 130 5
DN (2x32)/180 32 424 29 359.9 180 256 | 395 14 3.16 | 320 12 377 | 21.0 10 438 | 230 8 499 [ 205 7 559 | 18.0 7 620 [ 16.5 6
DN (2x40)/180 40 48.3 29 4136 180 256 | 46.0 17 3147 | 370 13 378 | 310 11 4.38 | 270 10 499 [ 235 8 560 | 21.0 8 621 [ 19.0 7
DN (2x50)/225 50 60.3 29 522.9 225 3.24 | 465 17 4.00 | 375 13 476 | 315 11 551 | 27.0 10 6.28 | 24.0 9 7.03 | 215 8 7.79 [ 19.0 7
DN (2x65)/250 65 76.1 29 666.9 250 363 | 535 19 | 448 | 435 16 | 532 [ 365 13 6.16 | 315 1 7.01 | 275 10 | 7.85 | 245 9 869 | 220 8
DN (2x80)/280 80 889 | 32 861.6 280 411 | 615 | 22 5.05 | 50.0 18 | 6.00 [ 420 15 6.94 | 36.0 13 | 789 | 320 1 8.83 | 285 10 | 978 | 255 9
DN (2x100)/355 100 1143 | 36 1252.0 355 532 | 695 | 25 651 [ 570 | 20 [ 7.71 | 480 17 891 | 415 15 | 10.11] 365 13 | 11.31 | 325 12 | 1250 | 295 1
DN (2x125)/450 125 139.7 | 36 1539.3 450 6.88 | 67.0 24 840 | 55.0 19 9.92 | 465 17 | 1143 | 405 14 | 12.96 | 355 13 | 1448 | 320 11 16.00 | 29.0 10
DN (2x150)/500 150 168.3 | 4.0 2064.7 500 7.78 | 80.5 28 9.47 | 66.0 23 | 11.15] 56.0 20 | 12.84 | 485 17 | 1454 | 430 15 [ 16.22 | 385 14 11791 | 350 12
DN (2x200)/630 200 | 2191 | 45 3033.8 630 [10.15) 920 [ 32 | 1227 | 76.0 [ 27 | 1439 | 650 | 23 | 16.52 | 565 | 20 | 18.67 | 50.0 18 12079 | 45.0 16 | 2291 | 40.5 14
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Table 27: Heat loss for 125°C/65°C network — SERIES 2 Insulation +.

Table 28:

Steel pipes Jacket Heat loss under design conditions for 125°C/65°C network
CoverH=06m CoverH=16m
nsomons | | % De AS = 20 WimK): ts=0°C 7S = 1.6 W), 15=8°C
ar R Iq 9 R Iq

[mm] [mm] Wim Wim Wim Wim Wim Wim
DIN (2x20)/140 20 26.9 140 13.3 3.3 16.6 124 24 14.8
DN (2x25)/160 25 33.7 160 14.2 35 177 132 25 15.7
DN (2x32)/180 32 424 180 154 39 193 144 28 17.2
DN (2x40)/180 40 48.3 180 172 53 225 159 4.0 19.9
DN (2x50)/225 50 60.3 225 172 4.9 221 159 36 19.5
DN (2x65)/250 65 76.1 250 194 6.6 26.0 17.9 5.1 230
DN (2x80)/280 80 88.9 280 20.5 79 284 18.8 6.3 25.1
DN (2x100)/355 100 1143 355 20.7 74 28.1 19.1 58 249
DN (2x125)/450 125 139.7 450 19.9 6.7 26.6 184 52 236
DN (2x150)/500 150 168.3 500 221 9.4 315 20.3 75 21.8
DN (2x200)/630 200 219.1 630 232 10.1 333 212 8.1 29.3

Heat loss for 125°C/65°C network — SERIES 3 Insulation ++.
Steel pipes Jacket Heat loss under design conditions for 125°C/65°C network
CoverH=06m CoverH=16m
‘NSSLiT%SOiM 0 do Dc AS = 2.0 W/(mK); t5=0°C S = 1.6 W/(mK); ts=8°C
o [ Iq o [ Iq

[mm] [mm] Wim Wim Wim Wim Wim Wim
DN (2x20)/160 20 26.9 160 123 23 146 11.5 16 131
DN (2x25)/180 25 33.7 180 132 25 157 124 17 141
DN (2x32)/200 32 424 200 144 28 17.2 134 19 16.3
DN (2x40)/200 40 48.3 200 15.7 39 19.6 14.7 28 17.5
DN (2x50)/250 50 60.3 250 158 35 193 14.8 24 172
DN (2x65)/280 65 76.1 280 174 45 219 16.2 33 195
DN (2x80)/315 80 88.9 315 18.0 54 234 16.7 4.1 20.8
DN (2x100)/400 100 114.3 400 18.3 4.9 232 17.0 37 20.7
DN (2x125)/500 125 139.7 500 17.9 47 226 16.7 35 202
DN (2x150)/560 150 168.3 560 19.2 6.4 25.6 17.8 4.9 227
DN (2x200)/710 200 2191 710 198 6.6 264 18.3 5.1 234
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Table 29: Heat loss for 90°C/55°C network — SERIES 2 Insulation +.

Steel pipes Jacket Heat loss under design conditions for 90°C/55°C network
CoverH=06m CoverH=16m
woorons | @ | @ De AS = 20 WimK): ts=0°C A = 1.6 WimK); 5=6°C
qF ar Iq 9F R Iq

[mm] [mm] Wim Wim Wim Wim Wim Wim
DN (2x20)/140 20 26.9 140 9.3 34 127 8.4 26 11.0
DN (2x25)/160 25 33.7 160 9.9 3.6 135 9.0 2.7 1.7
DN (2x32)/180 32 424 180 10.7 4.0 147 9.7 30 127
DN (2x40)/180 40 483 180 12.0 5.1 171 108 39 147
DN (2x50)/225 50 60.3 225 12.0 48 16.8 108 37 145
DN (2x65)/250 65 76.1 250 137 6.2 199 123 48 171
DN (2x80)/280 80 88.9 280 14.5 72 21.7 13.0 5.6 186
DN (2x100)/355 100 114.3 355 146 6.9 215 131 54 185
DN (2x125)/450 125 139.7 450 14.0 6.3 20.3 126 4.9 175
DN (2x150)/500 150 168.3 500 158 83 241 14.0 6.6 20.6
DN (2x200)/630 200 2191 630 16.5 8.9 254 147 71 218

Table 30: Heat loss for 90°C/55°C network — SERIES 3 Insulation ++.

Steel pipes Jacket Heat loss under design conditions for 90°C/55°C network
CoverH=06m CoverH=16m

NN+ | | % D 1S = 20 Wi(mK); (520°C A5 = 1.6 Wi(mK); 15=8°C
o &R Iq L3 [ Iq
[mm] [mm] Wim Wim Wim Wim Wim Wim
DN (2x20)/160 20 26.9 160 85 27 112 78 20 9.8
DN (2x25)/180 25 33.7 180 9.1 29 12.0 83 2.1 104
DN (2x32)/200 32 424 200 9.9 32 131 9.1 23 114
DN (2x40)/200 40 48.3 200 10.9 4.0 14.9 9.9 3.0 12.9
DN (2x50)/250 60 60.3 250 109 38 147 10.0 28 128
DN (2x65)/280 65 76.1 280 122 46 16.8 11.0 35 145
DN (2x80)/315 80 88.9 315 126 52 178 114 4.0 154
DN (2x100)/400 100 114.3 400 12.8 50 17.8 116 38 15.4
DN (2x125)/500 125 139.7 500 125 48 17.3 1.3 3.6 14.9
DN (2x150)/560 150 168.3 560 13.5 6.0 19.5 122 4.7 16.9
DN (2x200)/710 200 2191 710 139 62 20.1 126 4.9 175
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