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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ts. ISO shall not be held responsible for identifying any or all such pateht rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
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planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.d
rd.html.
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This docu

collaborati]En with the European Committee for Standardization (CEN) Technical Committee CEN/TC
228, Heating systems and water based cooling systems in buildings, in accordance with the Agreemenft on
technical cpoperation between ISO and CEN (Viénna Agreement).

This secor
technically

ld edition cancels and replaces/the first edition (ISO 11855-5:2012), which has Heen

revised.

The main dhanges compared to theprevious edition are as follows:

|

@ new subclatise on vapour barrier and other layers (see 5.1.2.2);

modif

d Clause 2 (Normative references) and the Bibliography;
modified Clause 4 (Symbols);
added

modified thestibclause on insulating layers, perimeter insulating strip adding a new approach and

adding detalils for thermal resistance of insulating layer (see 5.1.2.3);

added iew subclauses on insulating layers for SyStems in NEW CONSIIUCtions (Se€ 5.1.2.3.2) and in
refurbished systems (see 5.1.2.3.3);

modified the subclauses on joints (see 5.1.2.8.3), leak test (see 5.1.3), initial heating up of the
emission system (see 5.1.4) and general structural preconditions (see 5.2.2);

removed the subclause on maximum heating fluid flow temperatures (previously 5.2.4);
— improved wording and made editorial changes.
Alist of all parts in the ISO 11855 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The radiant heating and cooling system consists of heat emitting/absorbing, heat supply, distribution,
and control systems. The ISO 11855 series deals with the embedded surface heating and cooling system
that directly controls heat exchange within the space. It does not include the system equipment itself,
such as heat source, distribution system and controller.

The ISO 11855 series addresses an embedded system that is integrated with the building structure.
Therefore, the panel system with open air gap, which is not integrated with the building structure, is

not

covered by this series.
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uildings. The ISO 11855 series is applied to systems using not only water but alse_oth
tricity as a heating or cooling medium. The ISO 11855 series is not applicable for-testing
methods do not apply to heated or chilled ceiling panels or beams.

object of the ISO 11855 series is to provide criteria to effectively designnémbedded syst
it presents comfort criteria for the space served by embedded systems, heat output
ensioning, dynamic analysis, installation, control method of ,embedded systems,
hmeters for the energy calculations.

ISO 11855 series consists of the following parts, under he general title Building e
gn — Embedded radiant heating and cooling systems:

Part 1: Definitions, symbols, and comfort criteria
Part 2: Determination of the design heating and codling capacity
Part 3: Design and dimensioning

Part 4: Dimensioning and calculation of-the dynamic heating and cooling capacity of The
Building Systems (TABS)

Part 5: Installation
Part 6: Control
Part 7: Input parameters for the energy calculation

11855-1 specifies the-Comfort criteria which should be considered in designing embedc

ing and cooling’systems, since the main objective of the radiant heating and cooling s

[SO 11855 series is applicable to water-based embedded surface heating and coolirlng systems

br fluids or
pf systems.

ems. To do
alculation,
and input

hvironment

rmo Active

led radiant
ystem is to
ethods for

heating and cooling systems to ensure the maximum performance which was intended in the design
stage when the system is actually being operated in a building. ISO 11855-7 presents a calculation
method for input parameters to ISO 52031.
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INTERNATIONAL STANDARD

ISO 11855-5:2021(E)

Building environment desigh — Embedded radiant heating
and cooling systems —

Part 5:
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Scope

5 document establishes requirements for the installation of embedded radiantheating ¢
ems. It specifies general and uniform requirements for the design and ¢enstruction
cooling floors, ceiling and wall structures to ensure that the heating/eooling systems
he particular application. The requirements specified by this documetnit are applicable
ponents of the heating/cooling systems and the elements which-are part of the heati
face and which are installed due to the heating/cooling systems.

5 document is applicable to water-based embedded surface” heating and cooling
dential, commercial and industrial buildings. The methods apply to systems integrat
, floor or ceiling construction without any open-air gaps, but are not applicable to par
h open-air gaps which are not integrated into the building structure.

Normative references

following documents are referred to in-the text in such a way that some or all of th
stitutes requirements of this document) For dated references, only the edition cited g
ated references, the latest edition of'the referenced document (including any amendmen

11855-1, Building environment design — Design, dimensioning, installation and control o,
ant heating and cooling systews — Part 1: Vocabulary, symbols, and comfort criteria

11855-3, Building envirenment design — Design, dimensioning, installation and control o,
ant heating and cooling systems — Part 3: Design and dimensioning

Terms and.definitions

the purposes of this document, the terms and definitions given in ISO 11855-1 apply.

and [E€maintain terminological databases for use in standardization at the following ad

nd cooling
of heating
are suited
pnly to the
ng/cooling

ystems in
bd into the
el systems

Pir content
pplies. For
[s) applies.

embedded

[ embedded

dresses:

ISO Online browsing platform: available at https://www.iso.org/obp

4

For

IEC Electropedia: available at https://www.electropedia.org/

Symbols

the purposes of this document, the symbols in Table 1 apply.

Table 1 — Symbols

Symbol Unit Quantity

D

m

External diameter of the pipe, including sheathing where used

a

Heating/cooling system can be work on heating mode, cooling mode or both.

© IS0 2021 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=63c15747d0fa9a37b3095afa72f53be2

ISO 11855-5:2021(E)

Table 1 (continued)

Symbol Unit Quantity
R} ins m2K/W | Thermal resistance of the insulating layer of the heating/cooling system?
Sins m Thickness of thermal insulation
Iy °C External design temperature
Uy des,max °C Maximum heating water flow temperatures
Ains W/(m-K) |Thermal conductivity of the thermal insulation layer
q W/m?2 Heat flow density at the surface
qy W/m# Outward heat flow density
s m In type B systems, thickness of thermal insulation from the outward-edge|of
h the insulation to the inward edge of the pipes (see Figure 2)
51 m Thickness of the upper part of the slab
w m Pipe spacing

a2 Heating)/cooling system can be work on heating mode, cooling mode or both.

5 Installation
5.1 Floar heating and cooling systems

5.1.1 Geperal structural preconditions

The installation of a hydronic floor heating and cooling system shall follow the previous installa
of any eledtrical, sanitary or other pipe facilities. The structure including the closure of all builg
openings, ¢.g. windows and outer doors, shall be compléted or closed.

5.1.2 Building layers, building components

5.1.2.1 Supporting base and wall requiréments

Any pipe york or conduits shall be-fixed and encased to provide a level base upon which ther
insulation pnd acoustic insulationor-both is added before laying the heating pipes. In this respect,
necessary [structural height shall be taken into account. If the external doors and windows are
present before the installatioiof the radiant system, it is recommended to close all windows hq
even with provisional systéms (in order to avoid too high / low temperatures and to limit the effeq
the speed ¢f the air). Walls plaster shall be completed.

5.1.2.2 Vapour barrier and other layers

Before thelinstallation of perimeter insulating strip and insulating layers, the installation of any of

[ion
ling

mal
the
not
les,
t of

her

layers, for ¢xample, vapour barrier or similar shall be evaluated. This is related the type of flooring

e.g.

wood floor, resin floor, etc.) and the system's boundary conditions (installation of floor system on
ground, installation of floor system above unheated environment).

5.1.2.3 Insulating layers, perimeter insulating strip

5.1.2.3.1 Thermal resistance of insulating layers

the

The thermal resistance R, ;,, of the insulating layers of the heating/cooling system shall be calculated

as reported in SO 11855-3:2021, Annex A.

The position of the insulation affects the inertia of the system. In case of insulation not near piping,

inertia and system time constant shall be evaluated.

2 © IS0 2021 - All rights reserved
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5.1.2.3.2 Insulating layers for systems in new construction

Insulating layers of the heating/cooling system have the function of limitation of thermal losses. For
heating and cooling system it is recommended to limit the percentage of losses towards the environment

as reported in Formula (1).
9
<20% (M
q+q,

where
q is the thermal output of floor heating systems divided by the surface area;

q, 1is the specific thermal output throughout the floor construction, to rooms beyond, fhe ground
or cold void.

Theg calculation shall be performed by using FEM and/or FDM calculation§+(see 1SO 11855-2:2021,

Annex D) or other calculation methods. The calculation shall be done for each type of stratigraphy (e.g.

for all types of flooring and insulation).

If npaterials and thickness are not known, instead of Formula (1}.the heat conduction refistance of

system-insulating layers below the pipes of heating/cooling systems in (m2-K)/W can |be limited

according to the following values:

— 10,75 (m?2-K)/W for heated room below or adjacent;

— 11,25 (m%K)/W for unheated or intermittent heated room below, adjacent or directly on the ground
(with ground water level <5 m below the supporting base, the value should be incrgased) and
external air temperature below or adjacent (external design temperature =0 °C);

— |1,5 (m%:K)/W for external air temperature‘below or adjacent (external design temperatufe between
0°Cand -5 °C);

— |2 (m%K)/W for external air température below or adjacent (external design temperature between
-5°Cand -15 °C).

NOTE1 Insulation is not vapeurbarrier.

NOTE 2  National building.codes can require higher insulation levels.

5.1{2.3.3 Insulatinglayers for systems in refurbished systems

For| systems for{ refurbished systems, a calculation shall be made for the evaluation pf thermal

downward leat loss (thermal output throughout the floor construction, to rooms beyond, the ground

or dold voidJ:

Itislreeommended to limit the percentage of losses towards the environment as reported in Fprmula (2).

9y
<30% (2)
q+q,

where
q isthe thermal output of floor heating systems divided by the surface area, in W/m?;

q, 1is the specific thermal output throughout the floor construction, to rooms beyond, the ground

or cold void, in W/mZ,

The calculation shall be performed by using FEM and/or FDM calculations (see ISO 11855-2:2021,
Annex D) or other calculation methods. The calculation shall be done for each type of stratigraphy (e.g.
for all types of flooring and insulation).

© IS0 2021 - All rights reserved
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5.1.2.3.4

Peripheral strip

Before laying the screed, a peripheral strip (edge joint) shall be placed along the walls and other
building components penetrating the screed and firmly secured to the vertical structures (e.g. door
frames, pillars and risers).

The peripheral strip shall rise from the supporting base up to the surface of the finished floor and

permitam

ovement of the screed of at least 5 mm.

In the case of multiple insulating layers, the peripheral strip shall be placed before application of the
upper insulating layer. When laying the screed, the peripheral strip shall be secured against any change

in position[ The top part of the peripheral strip which rises over the finished floor shall not be cu

until comp
filler.

5.1.2.4 K

Before layi
plastic filny
of equivalse

The proted
strip itself
layer to av
sulphate s
stuck or w

NOTE I

5.1.2.5 K

5.1.2.5.1

For heatin
absence of]
the temper
sulfate; for
For cooling
increase in

5.1.2.5.2

etion of the floor covering and, in the case of textile and plastic coverings, hardening of

rotection layer

ng the screed, the insulating layer shall be covered with a protective,Jayer consisting

off
the

of a

of at least 0,15 mm thickness, with a minimum of 80 mm overlap, er,with another product

nt function.

tive layer shall be turned upwards above the upper edge of the peripheral strip unless
Fulfils the function of protection. The peripheral strip shall befirmly secured to the insula
oid the infiltration of the liquid screed. When using synthetic resin screeds or calc
reeds, the protective layer of the insulating layer mustbe liquid-tight by, for instance, b
blded together.

rotective layers are not moisture barriers.
quipment

Safety

b systems, a safety device, independent of the control unit, and which operates even in
electric power, shall cut offtthe heat supply in the floor heating circuit in such a way
ature around the heatingelements does not exceed 55 °C in the case of cement or calc
other screed materials, this value can be reduced to, for instance 45 °C for asphalt scr
r systems, the contrgl system shall prevent condensation with interruption of flow rat
flow temperature;

Manifolds

the
[ing
um
Ping

the
rhat
um
bed.
P Or

The centrall manifeld/of the piping system shall be placed in such a manner as to get the shortest fflow

pipes. Othe

rwise, the flow pipes can have an unwanted impact on the control of the room temperat

re.

5.1.2.5.3

_Step_‘zahes and halancing dovicas
orrrer T D eV ICeY

Each circuit shall have two stop valves and a balancing device.

5.1.2.6 Plastic and copper piping

Requirements for plastic and copper pipes shall conform to relevant International Standards.

For plastic pipes it is recommended to use pipes with an oxygen-barrier layer in conformity with

Annex A. The system shall be protected against corrosion.

In the case of junction of the circuit, or repair of tubes, the technical information of the manufacturer
shall be followed.

4 © IS0 2021 - All rights reserved
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5.1.2.7 Installation of piping

For storage and transport, clearance area (e.g. distance from wall and smoke ducts and open fireplaces)
and bending radius manufacturer’s instructions shall be followed.

Installation of piping and joints shall be made following the design of the radiant heating and cooling
project.

5.1.2.8 Weight-bearing layers

5 1 2041 L 1
. (O L UcClicidl

The thickness of the screed is calculated according to relevant standards, taking into(accolint loading
cappcity and flexural strength class. If an International Standard is not available, national standards
can|be used. Screed manufacturer’s instructions shall be followed for screed installation.

5.1)2.8.2 Reinforcement

Reipforcement shall be in accordance with relevant standards. If an'International Standard is not
avajlable, national standards can be used.

5.1{2.8.3 Joints
A jgint plan (including type and place of joint) shall be drawn*up by the building planner.

A jdint shall be applied above a building joint. The floer screed shall be separate from rising elements
(boprder joint).

The joint shall not cross a heating circuit.

The determination of joint width, joint distaiice and joint areas depends on type of binder, flopr covering
geometry of the area, use of area and teniperature change.

© IS0 2021 - All rights reserved 5
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1 floor cqvering
2 weightpearing and thermal diffusion layer
3 thermal insulation
4 acoustif insulation (if present)
5  structufal bearing
6  contradtion joints
7  expans]on joints (movement joints)
8  constryction joints
Figure 1 — Joints
A construdtion joint (Figure 4},i$ a structural joint that involves the whole thickness of the elenfent
(e.g. wall, floor or ceiling);-including the reinforcement. An expansion joint is used to compengate
dimensional variations,of the screed (mainly due to temperature change). An expansion joint crogses
the entire [thickness of'the screed. A contraction joint interrupts only a part of the thickness of|the
screed. It donstitut€s'a guided break line. The thickness of the screed that is cut shall not exceed 1/|3 of
the thickngss of theuniform screed layer.
In the casg¢ of, heating screeds of type A and C, movement joints and perimeter joints shall only be
crossed by LuuucLLiug pipcb (ﬂuw pipca amdTeturTT piptb of the i Luit) amd bulcly fmometevet+mthis

case, the connecting pipes shall be covered with a flexible insulation tube of some 0,3 m in length.

5.1.2.8.4

Laying of the screed

5.1.2.8.4.1 Protective measures

For installation of screed manufacturer’s instructions shall be followed. No components shall be

affected in

their functions when applying the screed and when installing the heating elements.

© ISO 2021 - All rights rese
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5.1.2.8.4.2 Holes in floor

Each hole in the floor shall have been pre-formed before the floor heating is installed in order to avoid
any drilling thereafter.

5.1.2.8.4.3 Tubes damage

If pipes of the radiant system are damaged, it is possible to restore the installation by connecting or
junctioning the pipes, eliminating the damaged part. The fitting, which can be of metal or plastic, shall
be adequately protected from mechanlcal forces or chemlcal corroswn by the elements that are in
con e avoid hydraulic
losdes. The note of the 1ntervent10n carrled out w1th the prec1se 1ocat10n of the repair pomt ¢of the pipes
sha|l be reported on the plan of the project.

5.1/3 Leak test
The leak test can be performed using water or compressed air.

For|standard systems, the test pressure shall be 4 bar (0,4 MPa) to 6 bar (0,6 MPa). When t¢sting with
air, [the test pressure shall be 2 bar (0,2 MPa) to 3 bar (0,3 MPa).

NOTE National standards and regulations can require lower test pressures.
A maximum pressure loss of 0,2 bar/h shall be respected.
In the case of asphalt screed, during the laying process, thepipes have to be depressurized.

Forjall type of screed during screed installation the,pressure of tubes shall be returned to th¢ operating
one

The absence of leaks and the test pressure shall'be specified in a test record.

When there is a danger of freezing, suitable measures such as the use of frost protective or the
confditioning of the building shall be taken.

When normal system operationsbegins, any frost protection fluids may be drained and disposed of in
conjpliance with National Health*and Safety Regulations, then the pipes are flushed 3 times|{with clean
watler.

5.14 Initial heatingup of the emission system

Theg purpose of thie initial heating up is to check the function of the emission system and tq bring it to
opefration. Thestability of the screed (e.g. cracks) can be seen after cooling down.

As teportedsin Figure 2, this operation (initial heating up) should be carried out on complefed cement
scre¢eds after 21 days have elapsed, for completed calcium sulfate screeds after seven days have elapsed,
for [asphalt screed after one day has elapsed. The specifications of the manufacturer for] all screed
matertatssiattbe foltowed: T he nitiat ieating up commernces at a ftow temperature between 20 °C and
25 °C which shall be maintained for at least three days. Subsequently, the maximal design temperature
shall be set and maintained for at least a further four days.

Before the normal operation of the system begins, a discharge and rinse of the system shall be done
(please be aware of national regulations regarding this topic). The manufacturer’s instructions shall be
followed, unless there are requirements that supersede them.

NOTE Initial heating up is not aimed to make a thermal shock of the screed. Initial heating up is not a drying
cycle of the screed.

© IS0 2021 - All rights reserved 7
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Key

1  water maximal design temperature
2 20-25°C

3 21 dayq

4 3days

5 4days

Figure 2 — Heating up process (example for cement screeds)

The proceds of heating up shall’be documented.

5.1.5 Flgor coverings

Thermal resistance. of floor coverings is to be taken into consideration regarding heat trangfer
calculations and-should be verified on installation. Before laying the floor covering, the floor covering
installer shall'verify the suitability for laying the floor covering on the screed.

The floor coverings are stored and installed according to the relevant standards and the manufacturer's
instructions.

5.2 Heating and cooling systems embedded in ceilings and walls

5.2.1 General
Generally, the requirements given in 5.1 for floor heating/cooling systems also apply to heating and

cooling systems embedded in ceilings and walls where applicable. Therefore, the following subclauses
only represent additional requirements or modifications of requirements where needed.

8 © IS0 2021 - All rights reserved
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5.2.2 General structural preconditions

Heating/cooling systems can be installed upon or within walls or ceilings constructed from masonry,
concrete or prefabricated lightweight materials. The following requirements shall be fulfilled:

— walls or ceilings must be structurally capable of supporting the system;
— tolerances, levels and datum shall be checked;

— all electric cables, ducts or service pipes shall be installed and tested before heating/cooling system
installation;

recommended to close all windows holes, even with provisional systems (in order toavoid too high/

— |if the external doors and windows are not present before the installation of the radiantjé/stem, itis
low temperatures and to limit the effect of the speed of the air). Walls plaster shall.be cdmpleted.

5.2/3 Insulation

The insulation for ceiling and wall heating/cooling systems depending on the adjacent roon] or outside
envliironment (see 5.1.2.3) may be divided into sections of layers, e.g. in(the case of outside yalls into a
lay¢r directly behind the system and another one outside.

The thermal resistance R, ;,; can be determined taking into account the effective thermal rgsistance of
the[building structure.

© IS0 2021 - All rights reserved 9
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To reduce

heating in
accordanc
oxygen pe

Specimen

An accumy
of the leng
radius recd
assembling
Afterward

Annex A
(informative)

Corrosion prevention

orrosion problems when combining plastic pipes with corrodible materials, especially in
tallations, one way is to use plastic pipes carrying an oxygen-barrier layer. When| tested in

with ISO 17455, method I or method II, as applicable, pipes shall meet the reqlirement
meability <0,32 mg/(m? x d) at a test (water) temperature of 40 °C.

reparation:

lation of water shall be carried out on a pipe section of at least 2@-m-in length. Ten per

s of

fent

th shall be wound around a core. The coil shall show a bendingaradius equal to the bending
mmended by the system supplier. The wound-up pipe section shall be fixed on the core. Alfter

, a relaxation time of over 24 h without any load takes pldce (outside of the water b4

During sto

bath (withput any contact with the water). After the storage time;'the coil will be taken out of the w

5, the coil shall be stored in a water bath (tap water) with a water temperature of 2(

th).
°C.

age, the pipe shall be filled with water. Both ends of:the pipe shall be outside of the whter

hter

bath for drlying the outside surface of the pipe. Both pipe ends’shall be closed with the water remairing

inside the pipe. The drying of the outside surface of the pipe'takes place over a period of 28 days ur
standard atmosphere conditions according to ISO 291.

NOTE ’

A.2 Adoption of specific inhibitory products

Inhibitors

'he unit mg/(m? x d) enables results independent from the tested dimension of the pipe.

can be used according to the.manufacturer's specifications and instructions.
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