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1 INTRODUCTION
1.1

BACKGROUND

Norwegian Directorate for Civil Protection (Directorate for
Civil Protection and Emergency Planning - DSB) carried
out in 2011 and 2012 market surveillance on LPG tanks
used in Norway. The reason for the market surveillance was
concern messages from one of the industry players. The
concern was whether LPG tanks sold in Norway were safe
or not regarding dimensioning and selection of materials
to withstand ambient temperatures down to – 40°C. At low
temperatures, there was uncertainty about the risk of brittle
fracture. There was also uncertainty about the tanks that
were marketed had the correct temperature indication for
the specific area in Norway.
One market player sent a complaint to the EFTA
Surveillance Authority (ESA) in 2007. ESA instructed the
Authorities (DSB) to clarify the safety issues related to
the use of LPG tanks at low ambient temperatures. ESA
accepted the DSB explanation in 2008. The matter was then
reopened in 2010, and the problem was forwarded to the
responsible Minister in Parliament in 2010. In light of the
Minister’s reply there was set up a working group under
the management of Standards Norway with expertise in
materials, gas, standardization and directive work. The
group’s mandate was to make an assessment of the current
legislation was sufficient in ensuring that marketed LPG
tanks were safe and suitable to withstand the low ambient
temperatures that can occur in Norway.
Based on the work of this group DSB decided to perform
market surveillance on a range of LPG tanks in spring and
autumn 2011 and the autumn 2012.

1.2 LEGAL BASIS AND
CURRENT LEGISLATION
In fire and explosion Act1 §§ from 33 to 40 defines supervisory
authority rights and obligations to carry out supervision.
Different Authorities are assigned responsibility for different
parts of the Act by implementing regulations by elaborating
the provisions in the act with more detailed regulations. DSB
is assigned supervisory authority in relation to the regulations
on the handling of hazardous substances2.
Tanks for the storage of LPG equipment for the consumption
of LPG is regulated in several regulations. Design and
production of LPG tanks, are subject to regulations of the
Pressure Equipment3. This regulation is again based on EU
Council Directive 97/23/EC on Pressure Equipment (PED).
Norwegian regulation on pressure equipment is thus an
implementation of the commitments Norway must do in
relation to the EEA Agreement.DSB uses the instrument
market surveillance to monitor compliance with these
regulations.
If the plant’s inventory of LPG / propane exceeds 50 tons,
it will also be covered by the requirements of regulations
to prevent and limit the consequences of major accidents4
which is also a directive based (not a new approach directive)
regulation.
All these regulations are founded on the fire and explosion
protection act. In addition to these regulations, the
requirements in the Regulation on systematic health,
environment and safety at work5 will be central at a
surveillance.
1 Act of 14 June 2002 No. 20 relating to protection against fire, explosion
and accidents involving hazardous substances and the fire service.
2 Regulation of 8 June 2009 on the handling of flammable, reactive and
pressurized substances and equipment and systems used in handling.
3 Regulation of 9 June 1999 pressure equipment.
4 Regulation of 17 June 2005 on measures to prevent and limit the
consequences of major accidents in establishments where hazardous
chemicals emerge.
5 Regulation of 6 December 1996 on systematic health, environment and
safety work in enterprises.
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1.3 EU DIRECTIVES, EU REGULATIONS,
EU DECISIONS, NATIONAL
REGULATIONS, HARMONIZED
STANDARDS, NORMS
(INCLUDING STANDARDS).
Type of documents that have shaped the design and
manufacture of LPG tanks, have varied over the years as
shown by this market surveillance. Below is a description of
the various types of documents that have been used.
EU Directive is directed against the individual Member
States of the EU. An act adopted in EU is an act made
pursuant to the EU’s basic treaties. Directives are addressed
to the individual Member State which should implement
this as a national regulation or law. When a directive has
become a part of the EEA treaty it must be implemented in
Norwegian legislation.
EU regulation is a legislative act of the EU that becomes
immediately enforceable as law in all member states
simultaneously. Regulations can be distinguished from
directives which, at least in principle, need to be transposed
into national law/regulation. When a regulation has become
a part of the EEA treaty it must be implemented
in Norwegian legislation.
National regulation sanctioned by national law.
EU decision is a legal instrument which is binding
upon those individuals to which it is addressed. When a
decision has become a part of the EEA treaty it must be
implemented in Norwegian legislation.

Harmonized standard: A standard related to one or more
”new method directives” (where one of these is PED)7.
As a general principle, the harmonized standards ensure
that the basic safety requirements of the Directive
are met, and as a consequence give presumption of
conformity with the essential safety requirements. The
harmonized standards have a chapter that shows the
corresponding points in the directive text. CEN must have
received a mandate from the EU and EFTA (minimum 5
countries must stand behind this work) to start work on a
harmonized standard.
One must distinguish between the following
types of harmonized standards:
• Harmonised Product Standards: describes
all aspects of the respective product types.
• Harmonised Support Standards: describes certain
methods or test methods in specific areas.
• Harmonised Standard Material: Describes requirements
for material properties equipment covered by a standard.
Norm (English code): Is the same as a standard a
specification of a particular topic. Norm / code prepared by
a committee made up of various parties responsible for the
document.
Table 1 to the right lists the standards and norms that
are applicable in connection with market surveillance this
report.

Standard in general: A specification for a specific topic
that is available to the public. A standard adopted by a
procedure set by a standards organization in which different
actors can exert influence. A standard with a number issued
by Standards Norway6. The standards are considered by a
technical advisory group as well as a committee that looks
at technical content and language.

6 Standards Norway is a private and independent membership
organization that was founded 24 June 2003, but its roots goes back
to 1923. Membership of Standards Norway is open to businesses,
organizations, governments and others. Standards Norway is responsible
for standardization tasks in all fields except electrical and postal and
telecommunications standardization.
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7 ”New Method”: Principles relating to the determination of the basic safety
requirements for products in directives where further specifications given
in harmonized standards. A harmonized standard is in accordance with
the directive functional requirements. In the ”new method” also includes
principles common procedure for the approval and acceptance of products
in Directive areas. A harmonization of the legislation also provides a much
easier market access than before, but also more competition in some areas.

Benevnelse

Tittel

Type

NS-EN12542

LPG equipment and accessories – Static welded steel cylindrical tanks,
serially produced for storage of Liquefied Petroleum Gas (LPG) having
a volume not greater than 13 m3 – Design and manufacture

Harmonised standard

NS-EN 10028 (1-7)

Flat products made of steels for pressure puposes

Harmonised standard

NS-EN 10025 (1- 6)

Hot rolled products of structural steels

Harmonised standard

NS-EN 13445-2

Unfired pressure vessels, part 2:materials

Harmonised standard

NS-EN14075

Static welded steel cylindrical tanks, serially produced for the storage
of Liquefied Petroleum Gas (LPG) having a volume not greater than 13 m

Harmonised standard

NS-EN ISO 148 (1-3)

Metallic materials – charpy impact testing

Harmonised standard

BS5500

Specification for unfired, fusion welded pressure vessels

British national standard

AD2000

Arbeitgemeinschaft Druckenbehalter 2000

German norm

VSR

Italian Pressure Vessel Norm

Italian norm

TKN

Pressure vessel norm for vessels and boilers

Swedish norm

TBK

General rules for pressure vessels (from 1. Januar 1977)

Norwegian Code

ATK

Labour Inspection regulations with technical decisions
(used before the introduction of TBK)

Norwegian regulations

Cisternorm III

Cisternorm III

Swedish norm

DS 320

Danish pressure vessel standard

Danish standard

Table 1. Standards used for design and fabrication of LPG - tanks

Forkortelse

Forkortelse

ASME

American Soociety of Mechanical Engineers

CE

la Communaute Europeenne; The CE marking indicates a product’s compliance with EU legislation
and so enables the free movement of products within the European market.

CEN

Comité Européen Normalisation; The European Committee for standardization

DSB

Norwegian Civil Protection Authority

EAM

European Approval of Materials; see clause 5.2 in this document.

EC

European Community

EF

Det europeiske Felleskap (Norwegian translation of EC)

EFTA

European Free Trade Association: Iceland, Liechtenstein, Norway (except Spitzbergen/Svalbard), Switzerland

EN

Norme Européenne (French: norme, German: Norm); A European Standard (EN) is a standard that has been
adopted by one of the three recognized European Standardisation Organisations (ESOs): CEN, CENELEC or ETSI

ESA

EFTA Surveillance Authority; The EFTA Surveillance Authority ensures that Iceland, Liechtenstein and Norway
follow the obligations under the EEA Agreement. Switzerland has a separate trade agreement with EU.

EU

European Union

EØS

The Agreement on the European Economic Area between the EU Member States
and the three EFTA-states Iceland, Liechtenstein and Norway (except Spitzbergen/Svalbard).

ISO

International Organization for Standardization

LPG

Liquid Petroleum Gas; see clause 1.5 in this document.

NANDO

New Approach Notified and Designated Organisations; Notification is an act whereby a Member State and EFTA
state (EEA relevance) informs the Commission and the other Member States that a body, which fulfils
the relevant requirements, has been designated to carry out conformity assessment according to a directive,
see clause 5.5 in this document.

NS

Norwegian Standards

NS-EN

EN-standard has become Norwegian Standard

PED

Pressure Equipment Directive; directive 97/23/EC of the European Parliament
and the Council of 29 May 1997 the European Parliament and the Council of 29 May 1997.

PMA

Particular Material Appraisal; see clause 5.2 in this document.

Standard
Norge

Standards Norway is a private and independent membership organization that was founded 24 June 2003,
but its roots goes back to 1923. Membership of Standards Norway is open to businesses, organizations,
governments and others.

Table 2. Abbreviations used in this report
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1.4 ABOUT LPG

1.5 ABOUT LPG-TANKS

LPG (Liquefied Petroleum Gas) consists primarily of
hydrocarbon propane in the liquid state. Propane is at
normal temperature and pressure (1atm, 20 ° C) is a
colorless gas that is heavier than air. Explosive range in air
is 2.1 to 9.5 vol%. Propane is not poisonous, but in a closed
room displace oxygen. Commercial Item LPG something
added butane to regulate the steam pressure. Fragrance
consisting of mercaptans is also added in very small
quantities to smell is leakage.

LPG tanks are supplied from manufacturers in different
sizes. In Norway, all stationary tanks marketed shall be
designed and manufactured according to the requirements
of the Regulation on pressure equipment which is the
Norwegian implementation of the Directive 97/23/EC.
This means that LPG tanks must be CE-marked.

In an LPG tank will be a mixture of propane in the liquid
phase and the gas phase. The ambient temperature will
control the temperature of the liquid phase which in
turn will determine the pressure in the gas phase. If the
temperature in the liquid phase is 20 ° C, the pressure in
the gas phase will be approximately 9 bar, and a liquid
temperature of 20 ° C will give a pressure of about 1 bar in
the gas phase. See Appendix 1 for the relationship between
temperature and vapor pressure of propane.
The use of LPG has been a strong increase in recent years
especially in the segment of residential gas. The main use
has been in the residential heating and equipment related to
cooking. Manufacturing LPG used for the production of
steam and hot water.

A LPG tank is a pressure vessel. If the tank should fail,
the effect of the ignition at worst would be an explosion
with a devastating shockwave. In addition to the pressure
wave large and small fragments can be ejected. A leak or
failure of an LPG tank can pose a risk with respect to
personnel injury. For this reason it is important that there
are strict requirements for the design and fabrication of
LPG tanks.
In Norway, there is per January 2013 recorded in the order
of 3800 storage tanks for LPG. The number of above
ground tanks are 1000 and under ground there are about
2700 tanks. Appendix 2 shows the enterprises visited in
the market surveillance. Picture 1 shows a typical propane
plant visited at the market surveillance.

Emergency valve and solenoid
valve connected to gas sensor in boiler

First stage
regulator

Ventilation

Vaporizer

Fence

Pressure release wall
Boiler
Piping system

Pressure vessel
Warning notice

Bulk supply lorry
parking area

Note: Not to scale.
For illustrative purpose only.

Picture 1. Example of propane plant with tank above ground.
67
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2 DEFINITIONS
2.1 SUPERVISION:
DEFINITIONS AND CONCEPTS

2.2 MARKET SURVEILLANCE,
DEFINITIONS AND CONCEPTS

For the Norwegian Directorate for Civil Protection
(Directorate for Civil Protection and Emergency Planning DSB) consists of the parts control and response.

A market surveillance will be directed towards a product
and its manufacturer, importer or distributor of the
product. Upon completion of market surveillance is
an audit that targets the technical equipment and the
requirements for this are provided in the law or regulations.

Control is an examination of the status of claim pursuant
to law or regulation. The control can be performed on-site
by an audit or inspection, or that it is required to submit
the documentation, samples and similar to the supervisory
authorities.
Auditing is a systematic control of the business
management system to determine whether activities and
related results comply with the planned level and whether
they are implemented effectively and are suitable to achieve
objectives.
An inspection shall normally be a planned and systematic
review of selected risk factors in the business to determine
if the business meets the requirements pursuant to law or
regulation.
Reaction is the supervisory authorities’ measures above a
business when deviations from regulatory requirements are
identified. Typical measures for deviations identified during
the audit may be a decision to repair within a time limit,
report uncovered conditions or recall of consent where
appropriate.

Definition of market surveillance of Regulation 765/2008
(now a part of the EEA Agreement):
”Market surveillance” (market control) - the activities
carried out and measures taken by public authorities
to ensure that products are in compliance with the
requirements of the relevant Community harmonization
legislation and do not put the health, safety, or other
matters relating to the protection of public interests.
Market surveillance is a duty the national authorities to
prevent dangerous products or otherwise defective products
are available on the market. Market surveillance will further
contribute to a level playing field for operators in the EEA.
Market surveillance means that the national market
surveillance authority must follow up to ensure that
products placed on the Norwegian market are safe and
comply with the provisions of the Norwegian legislation
which is an implementation of the principles of the “new
approach directive”. For LPG plants and tanks this will be
Directive 97/23/EC on pressure equipment.
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3 TOPIC AND SCOPE OF
MARKET SURVEILLANCE
3.1 ORGANIZATION OF MARKET
SURVEILLANCE FOR LPG TANKS.
Market surveillance was organized as an action where the
first part went over a period in May / June 2011 and the
second part of the action was in August /September 2011,
and in the last part of November and December 2012.
Market surveillance was performed on the basis of the
developed checklist provided in Appendix 3. Each market
surveillance group consisted of a revision group of 2 or
3 participants. The action was geographically defined to
include selected LPG tanks in the counties of Vestfold,
Østfold, Buskerud, Telemark, Hedemark, Oppland and
Rogaland. Market surveillance was a combination of
examination of the documentation and visual examination
of each individual tank and an inspection of the tank
was combined with a general surveillance of the gas
plant.Under market surveillance there was also made
observations in relation to the requirements of the
regulations on the handling of hazardous substances.
These observations are generally summarized in
Appendix 5.

3.2 SELECTION OF LPG TANKS FOR
MARKET SURVEILLANCE.
The regulations on the handling of hazardous substances
requires that plants with LPG storage vessels with a
volume of 0.4 m3 or more must be reported electronically
to DSB. The registration of the plant is done in a database
called SamBas, which gives DSB a good overview of the
volume of stored LPG. From this data base we may include
location, tank size and if the location is above or below
ground. Other parameters such as tank manufacture,
production year and the standard used for construction and
manufacture are not recorded in SamBas. The selection of
objects from SamBas were used with the afore mentioned
uncertainties that represented in the selection as regarding
the production year.  The addressed problem with low

ambient temperatures of LPG tanks applies to both above
ground tanks and under ground tanks. DSB has, however,
assessed that the above ground tanks will be more exposed
to changes in air temperature and has for that reason
prioritised above ground tanks for market surveillance.
The complaint received by ESA referred to in section 1.1
concerning the tanks covered by the harmonized standards
NS-EN 12542 and NS-EN14075. NS-EN14075 applied to
underground tanks. NS-EN14075 in 2010 was implemented
in NS-EN 12542 in 2010 concerning LPG tanks up to
13 m3 both above and under ground. One criterion for DSB
in the selection process of the objects should be tanks less
than 13m3. As shown in Figure 1, 42 of a total of 54 tanks
are less than 13 m3 because the aforementioned standards
applied up to 13m3.  

3.3 PRODUCTION YEAR
Regulation on pressure equipment that regulates the design
and fabrication of LPG tanks came into force on 29. May
2002. In relation to the complain submitted to ESA were
tanks produced after implementation time of the directive
that were of interest. In the discussions before selecting
objects for the market surveillance it was expressed a
clear wish to conduct market surveillance also of tanks
manufactured before the implementation date of the PED.
With the aim to gain knowledge on the standards that had
historically been used for design and fabrication, and to
gain knowledge about dimensioning and use of material
qualities that had been used pre-PED. As shown in Figure
2 were 24 of the 54 tanks manufactured after 2002 and thus
subjected to the requirements of the Regulation on pressure
equipment/directive 97/23/EC.
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NUMBER OF TANKS CONTROLLED IN 2011 AND 2012

Figure 1. According to LPG tank sizes.

3.4 PRODUCTION COUNTRY
Before the introduction of a directive specific legislation
in the pressure equipment field, it was to a large extent
national regulations and national standards/norms
which were followed. After 29.May 2002, when the
pressure equipment directive came into force the design
and fabrication had to comply with the essential safety
requirements of the Directive if it was to be marketed
within the EU / EEA. One of three manufacturers of
LPG tanks manufactured after 29.May 2002 that had been
selected in this market surveillance, had made use of the
harmonized standard for LPG tanks. National standards
may be used if they meet the essential safety requirements
of the Pressure Equipment Directive. Distribution per
production country in this market surveillance is shown
in figure 3.
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DISTRIBUTION OF NUMBER OF LPG TANKS CONTROLLED
IN 2011 AND 2012 PER PRODUCTION PERIOD

Figure 2. Distribution of number of LPG tanks in 2011 and 2012 per production period.

NUMBER OF LPG TANKS PER PRODUCTION
COUNTRY CONTROLLED IN 2011 AND 2012

Figure 3. Number of tanks per production country.
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4 RESULTS FROM
THE MARKET SURVEILLANCE
4.1 STANDARDS AND NORMS USED
IN DESIGN AND MANUFACTURING

refers to specific points in the aforementioned standard
NS-EN 13445 :

Standards/norms used for the design and manufacture
of LPG tanks were before the introduction of the
pressure equipment directive on 29. May 2002 often
national regulations and regional and national standards/
codes. After implementation of the pressure equipment
directive into national regulations it is applied harmonized
standards or national/regional standards for design and
manufacturing tanks and the essential safety requirements
in the Pressure Equipment Directive 29.May 2002 have
to be fulfilled. The market surveillance lists in Table 3
the standards/norms being applied for the design and
manufacture of tanks before and after the introduction
of the pressure equipment directive in 29.May 2002.

• 5.4 Vacuum conditions. Design shall withstand
a minimum pressure of 0.3 bar absolute. This can
be shown by calculations acc. NS-EN 13445-3.
• 5.5 Supports. Can be verified by calculation
according to NS-EN 13445 or by a testing method.
• 5.6 Lifting lugs acc. NS-EN 13445.  

Production
year

Standard/
norm

Harmonised/
national

Number
of tanks

After 29.
May 2002

EN 12542

Harmonised
standard

8

VSR

Italian norm

8

AD 2000

German norm

8

TBK

Norwegian code

9

BS 5500

British standard

5

TKN

Swedish norm

6

ATK

Norwegian
regulations

3

Cisternorm III

Swedish norm

2

DS 320

Danish standard

1

Before 29.
May 2002

Ukjent

4

Table 3. Codes/norms used for construction of tanks before and
after the introduction of obligatory use of the pressure equipment
directive on 29. May 2002.

NS-EN 12542 is referred to as a harmonized standard and
have a list of references to a number of other normative
documents, including the harmonized standard NS-EN
13445-2 regarding materials and NS-EN 13445-3 regarding
design. In addition, particular points in a NS-EN 12542

DSB interprets the text in NS-EN 12542 in such a way that
when modified or supplementing text to NS-EN 13445,
the text in NS-EN 12542 shall be followed. Where NS-EN
12542 does not modify or supplement the text, applicable
requirements of NS-EN 13445 apply.  See Appendix
7 for use of safety factors for calculating the required
thicknesses.

4.2 MATERIAL QUALITIES USED
Table 4 shows the types of materials that were used in tanks
subjected to market surveillance. With the exception of two
tanks, the same steel quality is used in the cylindrical shell
and ends.
Among the 24 tanks manufactured after 2002 there is
pressure vessel steel in 10 tanks. In the remaining 14 tanks
structural steel has been used.  Pressure vessel steel is
carachterised by a ”P” and is delivered as carbon- and
carbon-manganese steel, carbon manganese fine grain
steels, low alloy steels and high alloy steels. Pressure
vessel steel is usually subjected to more extensive testing
than structural steel. The testing scope is specified in the
product standards. Designation ”S” stands for structural
steel as indicated in table 4.  Structural steel is unalloyed
steels mainly characterized by its tensile strength and
yield strength at room temperature is used in building
constructions, bridges, storage tanks (atmospheric) and in
ship- and machine construction.
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Production
year

Material quality
in cylindrical
shell

Standard/norm Number
used for design of tanks

After 29.
May 2002

S355J2+N

EN 12542

8

AD 2000

6

VSR

8

AD 2000

2

BS 5500

5

TBK

5

ATK

1

TKN

3

TBK

2

Unknown

1

FE360-2KG

TBK

1

FG36Nb

TKN

1

HOAG55FKG

ATK

1

HSB50

ATK

1

OX520 D

TKN

1

SIS142101

Cisternorm III

1

SIS2112

TBK

1

SIS 1430

TBK

1

U36AK

TBK

1

Dillinger 50/36

DS 320

1

TSTE 355N

Unknown

1

Unknown

Unknown

2

P355N
Before 29.
May 2002

RAEX385P

HII

based on different designs of the specimen. For steel and
certain other materials of construction have shown that
impact test is temperature dependent, high values at high
temperature and low values at low ambient temperature.
Cover temperature can be more or less pronounced as
shown in Figure 4. Parameters such as material quality,
thickness and alloying elements are other factors that affect
the result of the impact test. The standard ISO 148 (Part 1:
Test Method) describes the method used for impact test.
Impact tests with accompanying requirements has a
reference to a thickness of 10 mm on the test specimen.

Table 4. Different material qualities used in LPG tanks recorded
through surveillance.

4.3 MATERIAL TOUGHNESS
Steel quality in the tank shell shall have sufficient toughness
so brittle fracture does not occur at the lowest operating
temperature. Control of toughness can be done with a
”impact test”:  The steel ability to deform without fracture.
In constructions a brittle material is a material that gets a
sudden failure. A tough material has a deformation before
breakage occur. A ductile metal has a plastic deformation
before fracture. Some steel grades go from ductile to
brittle below a certain temperature. We call this ductilebrittle transitional temperature. For pressure equipment,
it is particularly important that the material is above the
ductile-brittle transitional temperature. Many accidents
have occurred because of brittle fracture, eg. where ship
break up or bridges cracks. The test is that a pendulum
mounted a ”hammer” strike against a specimen. The energy
used to break the specimen is measured. This energy will
be a measure of the material’s toughness and resistance to
brittle fracture. Impact test may have different designations
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Figure 4. Impact test as a function of temperature, carbon
content and type of metal.

Regulations on pressure equipment require that the tensile
strengthat the impact test measured on an ISO-V test
piece should be 27J as required in section 7.5 in annex
1 in the regulations for pressure equipment. See section
5.3 regarding the connection between the requirements
to design temperature and impact test in this document.
Table 5 shows which temperature impact test is carried
out for base metal and weld deposit based on available
documentation at the market surveillance. More tests
may have been carried out.

Production
year

Temperature when impact testing
base metal

Impact testing weld metal/deposit

Number
of tanks

After
29. May
2002

–20 °C
No information available from doc.
But requirement acc. EN 12542

–20 °C
No information available from doc. requirement acc. EN 12542

24

Before
29. May
2002

0 °C
requirement acc. to
old regulations -20OC

0 °C
Weld deposit, HAZ, requirement acc. to old regulations -20°C

1

–20 ˚C

–20 °C
2 reports on impact testing of weld deposit

12

–40 ˚C

–40 °C
2 reports on impact testing of weld deposit

7

–50 ˚C

-

2

Unknown

Unknown

8

Table 5. Temperature Indication for impact tests on the base material and weld deposit.

4.4 CONFORMITY ASSESSMENT
Conformity assessment performed by the manufacturer,
the notified body or the user inspectorate to verify that the
product fulfill the essential safety requirements. Declaration
of conformity is a document issued by the manufacturer
(the person who puts the product out on the market) on
the basis of the conformity assessment shows that product
fulfill the essential safety requirements. Certificate of
conformity is a document issued by the notified body when
they are involved in conformity assessment.
Regulations for pressure equipment manufacturer provides
the opportunity to establish different systems of conformity
assessment. The way this can happen will depend on the
tank’s risk category based on the type of substance stored,
the quantity and pressure of substance stored in tank.
Table 6 specifies the module combination that has been
used and the notified body that has been used. As the table
shows, all tanks manufactured after 29.May 2002 have been
subject to conformity assessed according to the pressure
equipment directive.

Module B means that the notified body assess the
technical documentation for tank design and implement
the necessary control of a manufactured tank to verify
documentation. An EC type examination certificate will
be issued on the specific tank type.
Module D, means that notified body assess the
manufacturer must have implemented a quality assurance
system that ensures the production of the product with the
type examination certificate. The module also demands that
the notified body approves and conducts periodic audits of
the quality assurance system.
A notified body may issue an EC type-examination
certificate according to module B and approve and follow
up quality system according to module D. The task of
issuing the EC type examination certificate and approve and
monitor the quality system can also be shared between two
bodies. This practice is in accordance with the requirements
of the Regulation on pressure equipment.

17

Production year

Notified body

Modules used

declaration of
conformity

Number of tanks

After 29. May 2002

0044 TUV og 0045 TUV *)

B+D

Yes

5

ISPESL

B+D

Yes

8

0045 TUV

B+D

Yes

11

Manufacturers own control

na

na

1

ATK

na

na

12

Ångpanne-foreningen (S)

na

na

2

Arbeidstilsynets Skjernkrets (DK)

na

na

1

SA Sverige

na

na

1

Svejsecentralen

na

na

1

Unknown

na

na

2

Before 29. May 2002

*) 0044 TUV has issued EC-type-examination certificate, while TUV0045 has approved the quality assurance system.

Table 6. Notified body/conformity assessment body and module combinations used for the assessment.

4.5 TEMPERATURE AND
PRESSURE INDICATED ON
THE LABEL/NAMEPLATE
In the Pressure Equipment Regulations under section
3.3 of annex 1, the requirements for marking of pressure
equipment put on the market after 29. May 2002.
NS-EN 12542 sets in clause 11 requires that the maximum
and minimum limits for pressure and temperature shall be
indicated on the nameplate.

Production year

After 29. May
2002

Before 29. May
2002

Max/min
allowable
pressure
(baro)

Max/min
operating
temperature
(˚C)

Number
of tanks

15,6

40/-20

8

15,6

40/-40

8

17,65

50/-40

6

14,85

None

1

15,4

None

1

15,5

None

1

16

None

12

20/-27

4

- 20

1

- 23

1

+ 50

1

+ 20

1

All tanks had indication of the manufacturer with name
and address, year of manufacture and serial number on the
nameplate.
Tanks manufactured after 29. May 2002 had CE marking
and the identity number of the notified body.
As shown in Table 7 for tanks manufactured after 29. May
2002, 14 tanks are missing specifying minimum pressure.
8 tanks had specified - 20 ° C as the minimum temperature,
while 14 tanks had specified -40°C as minimum
temperature.
All tanks had specified name and address of the
manufacturer, production year and fabrication number on
nameplate/label. Tanks manufactured after 29.May 2002
had in addition CE-mark and identification number to the
notified body.
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20/-23

1

40/-20

1

50/-20

1

Unknown

1

18,2

None

1

21

None

1

26,5

+20

1

Unknown

Unknown

1

Table 7. Temperature and pressure on the nameplate/label.

5 FINDINGS AND DISCUSSION
OF RESULTS
5.1 USE OF STANDARDS /NORMS
FOR DESIGN AND PRODUCTION
Design and production based on non-harmonized
standards and various national standards, provides market
supervisory authority challenge in accepting designs as
these standards/norms may allow for different solutions
of same details and may also vary considerable from the
harmonized standards.
In the Pressure Equipment Regulations (Annex 1, Section
7) there are quantitative requirements for both tensile
strength and yield strength, which is also reflected in the
harmonized standard NS-EN 12542 (Annex E). This
should result in a consistent and uniform method for
dimensioning the pressure vessels as LPG tanks. The
principles around the calculation of thin-walled pressure
vessels are described in Annex 7.

DSB has noted that for many when constructions is not
taken into account the possibility of the occurrence of
vacuum as described in NS-EN 12542. For these tanks it
is established a practice to install vacuum valves or valve
arrangements to prevent vacuum. DSB have serious doubts
if this is sufficient to prevent vacuum. According to
NS-EN 12542 clause 5.4 we understand that the
vacuum occurance must be considered.
Market surveillance shows that some LPG tanks built
according to NS-EN 12542 (EN 13445) or AD2000 is
not adequately designed for a pressure of 0.3 bar abs
as NS-EN 12542 requires in clause 5.4.
DSB has not investigated the reason for the differences
revealed by the use of different standards for the calculation
of external pressure. The design philosophy may vary
somewhat from standard to standard.

Inspection opening - manhole

Figure 5. 50 LPG tanks checked regard to clause 5.4
in NS-EN 12542 and NS-EN 13445.

Figure 6. Number of tanks checked for sufficient
reinforcement of inspection opening/manhole.
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TABLE ON UTILIZATION OF MATERIAL OF
THE TANK ACCORDING TO NS-EN 12542/13445
volume V m3

Utilization of material in
cylinder and heads regarding
vacuum – clause 5.4
NS-EN 12542

Utilization of reinforcement
of inspection opening/
manhole

Utilization of
cylindrical shell

Utilization of ends

< 3 m3

11

tanks 100 % <

na

100 % <

100 % <

3 ≤ m <6

10

tanks 100 % <

na

100 % <

100 % <

3

tanks 108 %

na

100 % <

100 % <

1

tank 114 %

na

100 % <

100 % <

1

tank 132 %

na

100 % <

100 % <

10 tanks 100 % <

100 % <

100 % <

100 % <

4

tanks 125 %

100 % <

100 % <

100 % <

2

tanks 207 %

2

100 % <

100 % <

1

tank 100 % <

100 % <

100 % <

100 % <

2

tank 118 %

100 % <

100 % <

100 % <

2

tanks 100 % <

100 % <

100 % <

100 % <

1

tank 100 % <

100 % <

1 tank 103,5 %

1 tank 103 %

1

tank 109 %

1 tank 113 %

1 tank 101 %

1 tank 133 %

1

tank 224 %

1 tank 106 %

100 % <

100 % <

1

tank 251 %

1 tank 117 %

100 % <

100 % <

3

6 ≤ m3 < 13

13 ≤ m < 35
3

35 ≤ m3 < 70

V > 70

tanks 120 %

Table 8. Summary of the utilization of the material used in inspected LPG tanks

Another example of relatively large deviations is for
instance reinforcement around the nozzles and especially
around large inspection openings (manhole). It is noted
that AD 2000 provides more reinforcemet than NS-EN
13445. NS-EN 12542 (NS-EN 13445) is based on the
”pressure - area replacement method” and research results.
Cause of the major differences is that according to
AD 2000 it is obtained a larger reinforced area along the
cylindrical shell when using NS-EN 13445, see diagram
and explanation in Appendix 8.

5.2 MATERIAL USED IN TANK
CONSTRUCTION
Pursuant to Clause 4.2.1 of NS-EN12542 should pressure
affected shells be made of material quality that satisfies the
NS-EN10028 ”Flat products made of steels for pressure
purposes.” Which means pressure vessel steel.
Market surveillance has shown that the quality of steel
used in 9 of 13 tanks are made in the quality ”S355J2 + N”.
This type is a structural steel according to EN ISO 10025-2
clause 4.1.2. Regulations for Pressure Equipment prescribes
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the appropriate materials to be used (Annex 1, Section 4.2)
as DSB understand PED and the LPG standard
NS-EN 12542.
In general it has given an opening to use other material
qualities in accordance with harmonized standards
(Pressure Equipment Regulations, Appendix 1, section
4.2 b and c). If other qualities than those described in
harmonized standards (such as ASME qualities) are used,
there must be a European material approval, European
Approval of Materials (EAM), ref § 29 of the Regulation
on pressure equipment. Alternatively, there must be a
”Particular Material Appraisal” (PMA). DSB is very much
in doubt if it is possible to use the PMA route for the
acceptance of the steel type ”S355J2 + N”. If the material
shall be accepted the LPG standard NS-EN 12542 must be
changed at this point (clause 4.2.1)
For standardized materials an EAM route shall not be
used. EAM is implemented only for specific material
qualities. As S355J2 + N is a standardized material in
accordance with NS-EN 10025 the EAM route cannot
be used. Reference is made to the European Commission’s
guidance 7-26.

In Norway, structural steel was banned in the propane
tanks used pre-PED. However, it has been allowed in some
European countries including in Germany. According
to German norm AD2000 (Merkblatt W 1) as DSB
understand it is allowed to use structural steel in propane
tanks, but with some limitations. One of the limitations is
PS × Di ≤ 20000, where PS is the max allowable pressure in
bar overpressure and Di is the tank inner diameter specified
in mm. The market surveillance showed that some tanks
utilized the limits in the German regulations, eg. value
of 19 500 (PS = 15.6 × Di × 1250). For this steel quality
allowable pressure is also limited to a maximum of 16 bar
overpressure according to the German regulations as DSB
understand.

5.3 THE MATERIAL’S SUITABILITY
AT LOW TEMPERATURES
Regulation on pressure equipment and the standards
NS-EN 12542 (clause 4.2.2) and NS-EN 14075 (clause 4.1)
specifies that the impact toughness of the material in the
pressure parts shall not be less than 27 J at the minimum
design temperature. Alternatively, the materials meet the
requirements for low temperature as described in
NS-EN 13445 (Part 2: Materials, annex B, Method 2).
NS-EN 13445 (Part 2: Materials, annex B, Method 2)
describes three alternative methods to establish criteria
to prevent brittle fracture in steel plates, pipes, flanges, etc.
The three methods are:
• Method 1 Code of Practice:
a) Technical requirements based on the choice of
TR = T27J as specified in harmonised European
Material Standards and on the assumption that
it is possible to achieve these minimum
properties after fabrication. Calculated from
the principles of fracture mechanics used for method
2 for C and CMn steels with yield strength
< 460 MPa and
b) based on operating experience for Ni-alloyed
steels with Ni ≥ 3 % up to 9 %, for austenitic steels
and for bolts and nuts.
• Method 2: Method developed from the principles of
fracture mechanics and from operating experiences:
A more flexible approach than method 1 for derivation
of technical requirements applicable to C,
CMn and low alloy ferritic steels with a specified

minimum yield strength ≤ 500 MPa and for
austenitic-ferritic steels with a specified minimum yield
strength ≤ 550 MPa. This method can beapplied for these
steels to a wider range of thicknesses and temperatures
than method 1 because TR must not be equal to T27J
(see Figures B.2–1 to B.2–11). In addition, for ferritic
steels with max 355 MPa in PWHT condition operation
experience was considered for higher thicknesses.
• Method 3: The application of a fracture mechanics
analysis. This general method is applicable to cases not
covered by methods 1 or 2. This method may also be
used to justify deviations from the requirements of
method 1 or 2. Only general guidance is given on the
use of this method which shall only be used in agreement
with the parties concerned.
Each of the three methods may be used independently.
It is only necessary to satisfy the requirement of any one
method.
Method 1 or 2 is basically used to determine the impact
toughness energy to prevent brittle fracture. Method 3
can be used if method 1 or 2 are not suitable.
NS-EN12542 says in clause 9.7 and 9.8 for the materials
used (whether it is harmonized material, or a “PMAmaterial”) shall show satisfactory properties through tests
carried out on test samples. According to table 4 of
NS-EN 12542 it should then be carried out impact testing
both on weld deposit and base material. Sampling should
be done according to clause 9.7.1, while the number of
test pieces shall be in accordance with the requirements in
Table 4 of NS-EN 12542. The results of this control is not
documented to DSB.
From one of the producers who have used the material
S355J2 + N, DSB has received a declaration,
see appendix 6, that the tank is suitable for use between
–60 °C and +40 °C, with reference to ISO EN13445-2
(Part 2: Materials). The manufacturer refers to annex
B, section B.1 and method 2. Diagram B.2-4 of this
standard (see Figure 7 of this report) gives the relationship
between the design temperature, material thickness and
temperature and impact testing ”as welded” (AW = as
welded), for materials with Re <355 MPa and KV ≥ 27 J.
From a design temperature of –40 °C for wall thickness
≤ 10 mm, the material impact test temperature is about 2
°C. Documentation of materials used in this design and
the applied welding technology requires testing at –20 °C,
which according to the diagram B 4.2 indicates that the
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tanks can be used in the temperature range from –60 °C to
+40 °C. DSB assumes that sampling and extent of controls
are implemented as described in clauses 9.7 and 9.8 of EN
12542.

six tanks were minimum specified to be –20 °C. Figure 2
illustrates the findings regarding indication of temperature.
Relationship between design reference temperature,
thickness and temperature required for impact test scores
are given in Figure 5.
By going from a design reference temperature of
–40 °C for wall thickness ≤ 10 mm, the material impact test
temperature of about 0 °C. Documentation for materials
used in this design and the applied welding technology
requires testing at –20 °C, which according to the
diagram B 2.4 indicates that the tanks can be used in the
temperature range from –60 °C to +40 °C.
Based on the evidence received suggests that tanks marked
with –20 °C as the minimum temperature is also suitable
at –40 °C. This suggests again that it is incorrect labeling
the plate relative to the structural requirements at ambient
temperatures lower than –20 °C, reference points 4.2
and 4.5.

Figure 7. Relationship between design temperature, temperature
impact test scores and material thickness based on ISO
EN13445 (Part 2: Materials).
Key
TR design reference temperature
TKV material impact test temperature
eb reference thickness

Figure B.2–4 - METHOD 2: Design reference temperature
and impact test temperature as-welded (AW) condition, Re
≤ 355 MPa and KV ≥ 27 J

5.3.1 TEMPERATURE
With regard to the dimensioning temperature it is referred
to §§ 3, 10, 12, appendix 1 section 2.2.1, 2.10.2, 2.11.1,
3.2.3 and 3.3a and b, and 7.4 in regulations for pressure
equipment.
The harmonized standard NS-EN12542 states in clause 5.2
that the design temperature shall be in the range –20 °C to
50 °C. Where temperatures are expected lower than
–20 °C, the manufacturer must demonstrate that the
material is suitable to withstand temperatures down to
–40 °C.
Under market surveillance, the minimum temperature
at plate set to be –40 °C in 7 of 13 tanks, on the other
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Based on evidence from the Norwegian Meteorological
Institute occurring temperatures lower than –20 °C in
Norway. LPG tanks should therefore be designed to
withstand temperatures down to –40 °C. This shall be
documented as described in EN 13445-2 (annex B - B.2.3)
and it appears to Method 2 and chart B-2-4.

5.3.2 PRESSURE.
With regard to the dimensioning temperature it is referred
to §§ 3, 10, 12, 14, appendix 1 section 2.2.1, 2.2.3, 2.10.2,
2.11.1, 3.2.3 and 3.3a and b, and 7.4 in regulations pressure
equipment.
In 7 out of 13 tanks manufactured after 2002 were not
given the minimum pressure or vacuum tank could be
operated. Figure 3 shows an example of plate illustrating
the absence of specification of minimum pressure.
Calculations of the vacuum is not given in evidence
received.

5.4 CONFORMITY ASSESSMENT
With regard to conformity assessment it is referred to §§ 25
and 26 in regulations pressure equipment. See also point 4.4
in this document.
Conformity assessment is performed by the manufacturer,
the notified body or user inspectorate while declaration
of conformity is issued by the manufacturer (the person
who puts the product out on the market). Certificate of
conformity issues by the notified body when they are
involved in conformity assessment.
Picture 2. Example of a label/nameplate for LPG tank.

The assessment of the LPG tanks included in this market
surveillance was assessed by the following notified bodies
and they were registered in the NANDO base run by the
EU Commission.
0044 TÜV (German notified body)
0045 TÜV (German notified body)
0100 ISPESL (Italian notified body)
All LPG tanks that have been the subjected of market
surveillance have been designed according to the vapor
pressure of LPG at +40°C or +50°C. All tanks are rated
according to Category IV according to diagram 1 in
appendix 2 in the Pressure Equipment regulation,
ref §§ 25 and 26 The chart is reproduced in Figure 9 on the
next page.

Picture 3. Example of label/nameplate for LPG tank

The tanks that are conformity assessed and produced
after 29. May 2002 are comformity assessed by using the
combination of modules B and D. Module B is a type
approval certificate while module D is a quality assurance
module approved by a notified body. The choice of this
module combination is done by the manufacturer to suit his
production line when it is a series of similar tanks..
CE marking means that the conformity assessment is
completed and that the pressure equipment is manufactured
in accordance with the provisions in the pressure equipment
regulations and to meet the essential safety requirements.
See diagram in figure 9 for tanks/vessels containing LPG or
other hazardous substances:
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Figure 8. Vessels for hazardous gases according to § 10 in the Norwegian regulations
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6 CONCLUSION
DSB has for most LPG plants inspected received
the documentation that was requested through the
notification letter. These documents are available at DSB.
Documentation for old and new vessels was available
except for one tank.
It is still one tank that lack all technical documentation.
Tanks missing essential technical documentation should
not be allowed to be used.
It is revealed structural steel is used in 20 tanks covered by
PED it was 14 tanks made of structural steel S355J2 + N,
while 10 were made of pressure vessel steel P355N. It is
believed that a large number of tanks made of structural
steel may have been installed in Norway since 29. May
2002. Prior to 29.may 2002 there was a requirement that
propane tanks should be made of pressure vessel steels
and suitable for low temperatures. This is in line with the
requirements of NS-EN 12542.

When specifying the pressure also minimum pressure must
be indicated. It must be clear from the label/nameplate on
the tank that it is designed to withstand vacuum.
All inspected tanks manufactured after 2002 have utilized
the material in the shell up to 100% as regards the thickness
of whether it applied pressure vessel steel or structural steel.
This means that the controlled tank do not allow reduction
in shell thickness.
Regarding selection of design pressure DSB refer to the
tables A1 to A4 in NS-EN 12542. DSB consider that the
design pressure should be selected as stated for climatic
zone III for respectively above and under ground tanks.The
design pressure given in these table corresponds reasonably
well with the practice followed in Norway long before PED
and NS-EN 12542 came into force in Norway.

LPG tanks for use in Norway must be designed and labeled
for minimum temperature of –40 °C. The website of the
European Commission and the website of DSB must be
updated with respect to this requirement.
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TABLE OVER LPG TANKS THAT COMPLY WITH OLD REGULATIONS
AND WITH PED AND EN 12542 AND EN 13445 REQUIREMENTS
LPG tanks acc standard/
norm

Fulfill requirements after old regulations
Before 29. mai2002

Comply with PED and EN 13445 requirements
After 29. May 2002

Samsvarer med
gamle krav

Nonsubstantial

Substantial

Comply with
requirements

0)

1)

2) og 3)

0)

Nonsubstantial
Risks

Substantial
risks

1)

2) and 3)

EN 12542

6

2

AD 2000

6

2

VSR

8

BS 5500

4

AD-Merkblätter

1

1

TBK

7

1

TKN

2

3

ATK

2

2

1

CISTERN-NORM

1

DS 320

1

Unknown

1

1

Table 9. Grading of shortcomings

0 = no risk – PED requirement fulfilled/old regulation fulfilled
1 = non-conformity to PED (insignificant risk/non-substantial risk, formal mistakes that can be corrected, marking not safety relevant, etc.)
2 = non-conformity to PED (missing documentation such as declaration of conformity, other documentation, repair/recalculation/retesting
(may be substantial risk), missing CE-mark
3 = serious non-conformity (substantial risk) to PED (missing CE-mark, wrongly use of modules in PED, essential safety requirements not fulfilled,
wrong risk category, wrong design/workmanship of assembly, etc.)
Substantial risks – equipment not CE-mark, non-compliance with ESR, non-compliance with modules.
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7 FURTHER ACTION
The results from the market study in 2011 was presented
at ADCO meeting (administrative committee) for PED
intended for the member countries of the EU at the
beginning of March 2012. Norway received useful feedback
regarding material selection and labeling on the tank will
be taken into account in further follow-up.
With reference tp PED ADCO document on marked
surveillance (Best Practice) and according to article 20
in Regulation 765/2008/EC an appropriate checklist for
assessing pressure equipment constitute a serious risk.
DSB will investigate the use of structural steel and if
necessary set restrictions on its use. In this process, DSB
will consult with the other countries, notified bodies and
manufacturers / suppliers of LPG tanks.
Extra attention will be towards the material qualities,
indication of temperature and pressure on the nameplates/
labels as well as issues surrounding vacuum in LPG tanks.
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8 APPENDIX

Bar (Overpressure)

kPa (Overpressure)

Appendix 1: RELATIONSHIP BETWEEN VAPOUR
			
PRESSURE AND TEMPERATURE FOR PROPANE

Temperature (˚C)
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Appendix 2: ENTERPRISES VISITED FOR
			
MARKET SURVEILLANCE
Ref. 1
Ref. 2
Ref. 3
Ref. 4
Ref. 5
Ref. 6
Ref. 7
Ref. 8
Ref. 9
Ref. 10
Ref. 11
Ref. 12
Ref. 13
Ref. 14
Ref. 15
Ref. 16
Ref. 17
Ref. 18
Ref. 19
Ref. 20
Ref. 21
Ref. 22
Ref. 23
Ref. 24
Ref. 25
Ref. 26
Ref. 27
Ref. 28
Ref. 31
Ref. 32
Ref. 33
Ref. 34
Ref. 35
Ref. 36
Ref. 37
Ref. 38
Ref. 39
Ref. 40
Ref. 41
Ref. 42
Ref. 43
Ref. 44
Ref. 45
Ref. 47
Ref. 48
Ref. 51
Ref. 52
Ref. 53
Ref. 54

Xstrata, Kristiansand
Tretteteig Gartneri AS, Hårdalsveien 46C, 3239 Sandefjord
Gjennestad Gartnerskole, Gjennestadtunet 10, 3160 Stokke, ref. 3
Cafe Osebro AS,Storgata 176, 3915 Porsgrunn
Felleskjøpet AGRI BA, 3271 Larvik
Oleon Scandinavia AS, Framnesveien 57, 3222 Sandefjord
Industrilakkering AS, Hurumveien 43, 3474 Åros
Kriteig AS, Spikkestadvegen 167, 3430 Spikkestad
Sten Gård og Gartneri AS, 0602 Drammen
Felleskjøpet AGRI BA Region 4 avd., 6068 Drammen
Bring Logistics AS, avd. Drammen
GBS AS, Strømtangveien 17 A, 3950 Brevik, ref 12
Renor AS avd. Brevik, Tangenvegen 29, 3950 Brevik
Isola AS, Prestemoen 9, 3946 Porsgrunn
Veidekke AS, Gladengveien 15, Oslo
Cramo As, Utleietank farexvn. 7, Frogner i Sørum
Cramo As, Utleietank farexvn. 7, Frogner i Sørum
Cramo As, Utleietank farexvn. 7, Frogner i Sørum
Jon Arne Strengen Michelet, Sætherveien 254,1866 Båstad
Brødtrene Dahl AS avd. Skien, Nybergflata , 3737 Skien, ref. 20
Stabburet AS avd. Fredrikstad, Stabburveien 22, 1617 Fredrikstad
Stil Tekstilservice AS, Industriveien 9, 1400 Ski
Stil Tekstilservice AS, Industriveien 9, 1400 Ski
Helgesen Rør AS,Havnevegen 15, 3739 Skien
Ramirent AS, Utleietank, Icopal AS, Marcus Tranes vei 100, 1472 Fjellhamar
Ramirent AS, Ramirent AS, Utleietank Lahaugmoen 1, Skedsmo
Ramirent AS, Utleietank, Lahaugmoen 1, Skedsmo
Ramirent AS, Lahaugmoen 1, Skedsmo
Kjørbo Vest AS, Jongsåsveien 22, 1338 Sandvika
3B-Fiberglass Norway AS, 4795 Birkeland
3B-Fiberglass Norway AS, 4795 Birkeland
3B-Fiberglass Norway AS, 4795 Birkeland
Ankerskogen Svømmehallen, Ankerskogveien 7, 2319 Hamar
Ramirent AS, utleietank, Stavanger
Ramirent AS, utleietank , avd. Stavanger
Ramirent AS, utleietank, Marisagvegen 8, 2390 Moelv
Ramirent AS, utleietank, Marisagvegen 8, 2390 Moelv
Lillehammer Helsehus, Lillehammer
Ramirent AS, Marisagvegen 8, 2390 Moelv, utleietank
Ramirent AS, avd. Stavanger, utleietank
Ramirent AS, Avd. Stavanger, utleietank
Ramirent AS, Prosjekt Edbergs Group, Maskinveien 15, Stavanger, utleietank
Ramirent AS, utleietank, Marisagvegen 8, 2390 Moelv
Anlegg og Maskin AS, Stavanger, utleietank
Mustad Fabrikk AS, Gjøvik
City Bilpleie, postboks 4047, 2321 Hamar
Ramirent AS, Marisagvegen 8, 2390 Moelv
Ramirent AS, Marisagvegen 8, 2390 Moelv
Lemminkainen Norge, Avd. Lillehammer, Hovemovegen 80, 2624 Lillehammer
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Appendix 3: CHECKLIST FOR MARKET SURVEILLANCE OF LPG TANKS
Checklist for market surveillance of LPG vessel according to directive 97/23/EC.

Inspektør/inspector
Markedstilsyns myndighet/
Market surveillance
authority
Fabrikant/manufacturer
Telefon/Phone
Epost/e-mail
Adresse/adress
Navn Importør/Importer
Telefon/phone
Epost/email
Adresse/adress
Anleggsted/Location of
plant - info tas fra SamBas
Anleggsid fra SamBas
Dato/date for inspeksjon/
for inspection
Telefon/phone
Epost/Email
Merkeplate/Data plate:
Navn og addresse på
fabrikant/name and
adress of manufacturer
Produksjonsår/
year of manufacturer
Serienummer/serial number
Tillatt maks-/min
temperatur/allowable
max/min temperature
Tillatt maks trykk/allowable
max pressure
Tankvolum m3 /vessel
volume m3
Byggestandard/construction
standard
CE-merke og id.nr. TKO/CE
mark and id.no. NoBo
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Funn/Findings:

Ja/
yes

Nei/
no

Code/remark*

Samsvarserklæring/declaration of conformity
(manufacturer issue this document)
– navn og adresse på produsenten eller dennes
representant etablert i EØS-området/name and address
of the manufacturer or of his authorized representative
established within the Community
– beskrivelse av det trykkpåkjente utstyret eller enheten/
description of the pressure equipment or assembly
– anvendt prosedyre ved samsvarsvurdering/conformity
assessment procedure followed
– ved enheter, en beskrivelse av det trykkpåkjente
utstyret som utg jør enheten og anvendt prosedyre for
samsvarsvurdering/in the case of assemblies/description
of the pressure equipment constituting the assembly, and
the conformity assessment procedures followed
– navn og adresse på det tekniske kontrollorganet som
utførte kontrollen når det er hensiktsmessig/where
appropriate, name and address of the notified body which
carried out the inspection
– henvisning til EF-typeprøvingssertifikat, EFkonstruksjonskontrollsertifikat eller EF-samsvarssertifikat
når det er hensiktsmessig/where appropriate, a reference
to the EC type-examination certificate, EC designexamination certificate or EC certificate of conformity
– navn og adresse på det tekniske kontrollorganet som
overvåker produsentens kvalitetssystem når det er
hensiktsmessig/where appropriate, the references of the
harmonized standards applied
– henvisninger til anvendte harmoniserte standarder når
det er hensiktsmessig/where appropriate, the references
of the harmonized standards applied
– andre anvendte tekniske standarder og spesifikasjoner
når det er hensiktsmessig/where appropriate, other
technical standards and specifications used
– henvisning til andre relevante nasjonale forskrifter
som g jennomfører fellesskapsdirektiver når det er
hensiktsmessig/where appropriate, the references
of the other Community Directives applied
– identifikasjon av underskriver med fullmakt til å forplikte
produsent eller dennes representant etablert i EØSområdet/particulars of the signatory authorized to sign
the legally binding declaration for the manufacturer or
his authorized representative established within the
Community
Samsvarssertifikat/certificate of conformity (TKO/NB issue
this document). Her bør det være en beskrivelse av hvilke
kontroller som er utført.
Bruksanvisning / Instructions for use – norsk språk
Tekniske documenter som skal innsendes før MK/Technical
documents to be submitted before market surveillance:
•

Detaljtegning av beholder / Detailed drawing of vessel
Vedlegg 3 / annex 3, prosedyrer for samsvarsvurdering.

•

Styrkeberegninger / strength calculations
Vedlegg 1 / annex 1, pkt.2.2.1, 2.2.2, 2.2.3
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•

Materialsertifikat/material certificate – standard/
PMA/EAM
Vedlegg 1/annex 1, pkt. 2.2.3, 4.1, 4.3, 7.1

•

Vurdering av materialets egnethet når omgivelsestemperatur
er lavere enn – 20 °C og skårslaghetsprøving er utført ved –
20 °C med tilfredsstillende resultat (min. 27 J)/assessment of
the suitability of the material when the ambient temperature
is lower than – 20 °C and the impact testing is carried out at –
20°C with satisfactory result (min.27J). Vedlegg 1/annex 1, pkt.
4, 7.1, 7.5, NS-EN/12542/14075/13445-2. Se pressemelding fra
Norsk Standard/see press release from ”Norsk Standard”.

•

Sveiserapport/welding report - Vedlegg 1/annex 1, pkt.3.1.2,
4, 7.2

•

NDT rapport/NDT report - Vedlegg 1/annex 1, pkt. 4, 7.1, 7.5

Konstruksjonen avviker fra standard eller den tekniske
dokumentasjonen/The design diverges from standard or technical
documentation. Vedlegg 1/annex 1
Ytre feil/skader for eksempel sveis, form, geometrisk skade/outer
deficiences e.g. welds, shape, dents etc. Vedlegg 1/annex 1
Annet/other:

*gradering av mangel/feil/grading of shortcomings
0 = no risk – PED requirement fulfilled.
1 = non-conformity to PED, but insignificant risk.
2 = non-conformity to PED, but requiring repair.
3 = serious non-conformity to PED, but requiring stop, sale, use, repair.
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Appendix 4: COMPLIANCE WITH THE HARMONIZED
			
STANDARD EN 12542/13445 AND DIRECTIVE 97/23/EC
Content

Essential Safety Requirements
in directive 97/23/EC
Clause in directive

Design for sufficient
strength

Clause in harmonised
standard

Prioritized ESR used in the
market surveillance

2.2.1, 2.2.3

yes

Annex A, annex E
NS-EN 12542
NS-EN 13445

Corrosion or other chemical
attack

2.6

no

5.1, 10.1 NS-EN 12542
Korrosjonstillegg
unntas når propan
tilfredsstiller ISO 9162
eller tilsvarende

Fabrication procedures

3.1

yes

7 NS-EN 12542

Preparation of
component parts

3.1.1

no

7.5, 7.6.5 NS-EN 12542

Permanent joining

3.1.2

yes

4.4, 7.4, NS-EN 12542

Tracing

3.1.5

no

7.2 NS-EN 12542

Final inspection

3.2.1

yes

9.8.1 NS-EN 12542
7 Pr EN 13570

Pressure test attest

3.2.2

yes

9.8.1, annex C NS-EN 12542

Marking and labelling

3.3

yes

11 NS-EN 12542

Documentation

3.4

yes

12.2 NS-EN 12542
9 NS-EN 12542

Certification of materials

4.3

yes

4.5, 7.5.7, 12.1 NS-EN 12542

Allowable stresses

7.1

yes

E.1 NS-EN 12542

Weld factor

7.2

yes

5.1, diagram 2

Hydrostatic test pressure

7.4

yes

9.8.1 NS-EN 12542

Material charachteristics

7.5

yes

4.1, 5.2 NS-EN 12542

Safe handling

2.3

no

4.5 Pr EN 13570

Drainage and airing

2.5

no

5.3, 5.4 Pr EN 13570

Filling and discharge

2.9

no

4, 5.4, 5.5, 5.6, 5.7, 5.9, 5.13,
annex B

Protection against exceeding
the allowable limits of
pressure equipment

2.10

yes

5.1, 5.2, 5.5, 5.6, 5.13,
annex B Pr EN 13570

2.11, 7.3

yes

5.2, annex B Pr EN 13570

External fire

2.12

no

5.2, annex B Pr EN 13570

Inspection of safety
equipment

3.2.3

no

5.2, 7 Pr EN 13570

Certificate of conformity

Vedlegg 7

yes

Certificate of conformity

Vedlegg 7

N/A

Kvalitets-sikringsmodulene

yes

3.4

no

Safety accesories

Certificate for approval of
quality assurance system
Operating instructions

EN /ISO
standard
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Appendix 5: GENERAL COMMENTS ON OBSERVATIONS
			
MADE AT MARKET SURVEILLANCE
In one outdoor and above ground piping system it was registered pressure couplings which was covered by PED.
It was no documentation or marking that this type of coupling was suited for temperatures below –20 °C.
Three suppliers states that this type of couplings is not suitable for ambient temperatures lower than
–20 °C. They also states that press couplings shall not be used buried under ground.
Design pressure in the tanks varies significantly from 14.85 baro to 21 bar overpressure.
Tanks with the highest allowable pressures are original transportable tanks which were converted into stationary tanks.
Many piping systems and vaporizes with pressure above 0.5 bar overpressure were built after May 2002 and were thus
covered by PED. It was noted that several of these plants also use old vaporisers. Many of these piping systems were not
CE marked, but most of them were well documented.
Rental tanks used in a comprehensive rental market are never stored completely ”free of gas”.
The rental company reported that it could be up to 15% gas on the tank in temporarily storage.
There was some uncertainty about the inspection intervals for tanks and the entire gas plant, and who could perform
the control. Many of the companies that have performed inspection has not applied for accreditation by the new control
system is now implemented through our new legislation, see § 9 in Regulation of 8 June 2009 on the handling of flammable
reactive and pressurized substances and equipment and systems used in handling.
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Appendix 6: TEXT OF THE NOTIFICATION LETTER
			
TO THE OWNER / USER OF LPG TANK
Notification of market surveillance of LPG tanks
Directorate for Civil Protection and Emergency Planning (DSB) has on a request of Standards Norway working group,
decided to conduct market surveillance of LPG tanks in operation in Norway. This will be implemented in 2011.
Through industry associations, media and government, it has been expressed concern for imported LPG tanks
cannot withstand very low ambient temperatures. Questions have been raised if tanks used in Norway is designed
for use in our climate. This goes on test methods, quality of materials, documentation and labeling. To provide
a basis for assessing any measures, we will make a market check on a variety of tanks in use and is widely used.
We will conduct market control by sampling. Control / audit will focus on the basic ideas of various sizes.
Key topics will include:
• Documentation of the tank and equipment
• Maintenance Strategy of tank and equipment
• Operating Procedures
Marketing audit will be conducted through interviews of key personnel,
review of documentation, and verification of facility.
In connection with market control and supervision, we ask to receive copies of the following documents;
•
•
•
•
•

Information about applied design standard for tank
Targets ”as-built” drawings of tanks with information on the quality of materials, weld method etc.
Tank history and owners.
Executed control
Copy / photo of nameplate

For tanks manufactured after 2002, we ask that the Declaration of Conformity and Certificate of Conformity acc.
Regulation on pressure equipment also sent.We pray that the said documentation to DSB mail and received by us within
20.05.2011.
Market control will be combined with the supervision of the plant acc. Regulations June 8th,
2009 on handling of flammable, reactive and pressurized substances and equipment and systems used in handling.
Insert week number or the date of when the audit is agreed.
Please contact us if you need further info.
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Appendix 7: SIMPLIFIED CALCULATION OF THIN-WALLED PRESSURE
			
VESSEL WITH A CYLINDRICAL SHELL AND TORUSPHERIC ENDS

Joining of end and cylindrical shell of controlled LPG tanks produces after 29. May 2002.
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𝑝𝑝𝑝𝑝𝑝𝑝. 7.4.2  𝑖𝑖  𝑁𝑁𝑁𝑁  𝐸𝐸𝐸𝐸  13445  
  𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑚𝑚𝑚𝑚𝑚𝑚  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  𝑖𝑖ℎ𝑡𝑡.
𝑝𝑝𝑝𝑝𝑝𝑝. 7.4.2  𝑖𝑖  𝑁𝑁𝑁𝑁  𝐸𝐸𝐸𝐸  13445  
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑚𝑚𝑚𝑚𝑚𝑚  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  𝑖𝑖ℎ𝑡𝑡.
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑚𝑚𝑚𝑚𝑚𝑚  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  𝑖𝑖ℎ𝑡𝑡.
𝑝𝑝𝑝𝑝𝑝𝑝.
𝑝𝑝𝑝𝑝𝑝𝑝.
7.4.2  𝑖𝑖  𝑁𝑁𝑁𝑁  𝐸𝐸𝐸𝐸  13445  
7.4.2  𝑖𝑖  𝑁𝑁𝑁𝑁  𝐸𝐸𝐸𝐸  13445  
formula for cylindrical
shell
with
internal
pressure
acc.
to
clause 7.4.2 i NS-EN
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑚𝑚𝑚𝑚𝑚𝑚  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  𝑖𝑖ℎ𝑡𝑡.
𝑝𝑝𝑝𝑝𝑝𝑝.
7.4.2  𝑖𝑖  𝑁𝑁𝑁𝑁  𝐸𝐸𝐸𝐸  13445  
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝑓𝑓𝑓𝑓𝑓𝑓  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  𝑚𝑚𝑚𝑚𝑚𝑚  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜  𝑖𝑖ℎ𝑡𝑡.
𝑝𝑝𝑝𝑝𝑝𝑝.
7.4.2  𝑖𝑖  𝑁𝑁𝑁𝑁  𝐸𝐸𝐸𝐸  13445  
𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅 13445
𝑅𝑅𝑅𝑅𝑅𝑅
𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅
𝑡𝑡
=
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
;
𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅
𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅𝑅𝑅 ;
𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒; 𝑅𝑅𝑅𝑅𝑅𝑅
2𝑓𝑓𝑓𝑓 − 𝑃𝑃   𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
2,4    
1,5  
=
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
𝑡𝑡𝑡𝑡 =
  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
; ;
𝑡𝑡 𝑡𝑡==
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅
𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅
2𝑓𝑓𝑓𝑓
−2𝑓𝑓𝑓𝑓
1,5  
value
of2,4    
or 1,5  
2,4    
1,5  
2𝑓𝑓𝑓𝑓
−
𝑃𝑃𝑃𝑃−where
𝑧𝑧 =
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
1,5   = 1.0, 0,85  𝑜𝑜𝑜𝑜  0,7.
2𝑓𝑓𝑓𝑓
−𝑃𝑃 𝑃𝑃 f is the smallest
2,4    
2,4    
𝑡𝑡==
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑡𝑡1.0,
= 0,85  𝑜𝑜𝑜𝑜  0,7.
  ℎ𝑣𝑣𝑣𝑣𝑣𝑣  𝑓𝑓𝑓𝑓𝑓𝑓  𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣  𝑎𝑎𝑎𝑎  
  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ; ;
𝑧𝑧𝑧𝑧==𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
=
1.0,
0,85  𝑜𝑜𝑜𝑜  0,7.
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
−0,85  𝑜𝑜𝑜𝑜  0,7.
𝑃𝑃 𝑃𝑃
2,4    
1,5  
2𝑓𝑓𝑓𝑓
−
2,4    
1,5  
𝑧𝑧 𝑧𝑧==𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
1.0,
0,85  𝑜𝑜𝑜𝑜  0,7.
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠==2𝑓𝑓𝑓𝑓
1.0,
𝑧𝑧 =
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
==
1.0,
0,85  𝑜𝑜𝑜𝑜  0,7.
𝑧𝑧 =
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
1.0,
0,85  𝑜𝑜𝑜𝑜  0,7.
z=weld factor = 1.0, 0,85 og 0,7

blir
r
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f and z takes care of the variations mentioned above. Welding factor z selected from hazardous substances, material
quality and control scope. This factor is also reflected in the regulations on equipment in Annex 1, Section 7.2.
Welding factor z used for certain welded components. This applies to the following welds:
• Longitudinal- and spiral welded components in cylindrical containers
• Longtudinal welds in the conical shell
• Main weld seams in spherical shell
• The main weld in ends that are welded together by two or more plates
Older standards/norms may have other welding factors than those in NS-EN 13445.
Design of pressure vessels have historically been performed by different standards / norms (national/regional)
and here are the three main principles for determining allowable stresses for design:
1) The smallest tensile strength value for the material (f = Rm / (4) for newer version f = Rm / (3.5)) at room temperature.
This parameter is key when sizing based on standards published by ASME.
2) The yield stress for the material (f = Ret / (1.5)) at calculation temperature. In old Swedish pressure vessel code
“Tryckkärlsnormer” this is the parameter.
3) The lowest value of both of the above factors are normative for calculations based on previous BS 5500
and new PD 5500 (f = Ret / (1.5), f = Rm / (2.35)). New EN 13445 and AD 2000 state f = Rm / (2.4) and f = Ret / (1.5).
One of the few quantitative requirements of the pressure equipment directive (97/23/EC) is the aforementioned safety
factors against the yield stress. These safety factors are therefore reflected in harmonized standards.
This means that historically it has been developed various design principles when determining the required wall
thicknesses depending on the standard/norm being used. The safety factors shall cover variation in the steel yield strength
and variations in the computed stresses because possible structural and computational inaccuracies. The safety factor must
be so large that the membrane stresses (principal stresses) always are smaller than the yield strength.
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Appendix 8: PRINCIPLES OF REINFORCEMENT
			
OF NOZZLES/INSPECTION OPENINGS
Reinforcement of manholes / inspection openings must be carried out when removing a large area of the
 cylindrical shell.
In NS-EN 13445, the ”area compensation method” which ASME uses, is further developed. In NS-EN 13445 the method is
further developed and is called ”pressure - area compensation method” to determine the needed replacement area and the
replacement area shall be placed around the inspection opening/ nozzle.
”Pressure - area method” is based on ensuring that the reactive forces of the material is greater than / or equal to the load
from the pressure. The first is the sum of the product of the average membrane stress for each component and its stress
loaded area. The latter is the sum of the product of the pressure and the pressure loaded area.
Simplified used one equilibrium consideration as shown in the figure above. Pressure area must balance the available
area in the cylinder / shell and inspection opening/manhole.
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Conditions for equilibrium is:
f×Ar ≥ P×Ap
where:
Ap= pressure area (in vessel and inspection opening)
Ap = Aps + Apb
Ar = Afs + Afb = available area
Afs = area for cylindrical shell
Afb = area for cylindrical shell of inspection opening
P = pressure in vessel
f≥
Area for the weld in this case is disregarded, but in practice used relatively often by adding necessary reinforcement area.
This is important to consider when we know that propane tanks manufactured after 2002 utilize thicknesses close to 100%.
High stress concentrations exist around the manhole opening and decreases radially from the opening. The stress decreases
and eventually becomes equal to the stress in the cylinder (tangential and axial stress). To avoid failure in the manhole
area reinforcement is nearly always necessary. Reinforcement may be accomplished by increasing the wall thickness of
the cylindrical shell round the manhole, the manhole neck or a combination. Enhancements made within effective limits.
These limits vary depending on the standard/norm used. BS 5500/PD5500, TKN and ASME uses other models than
that used in EN 13445 and therefore results may deviate considerable from standard to standard. The results may differ
considerable from EN 13445.
Some of the most significant differences due to the determination of the area used for required reinforcement area:
1) For EN 13445 it is permitted length Ls = √ Dsi× Es along the cylindrical shell. Length along the manhole neck is thus
Lb = √ dsi × e length into the cylinder can be regarded as reinforcing is 0.5 Lm. Length along the manhole neck is thus 0.5
Lb.
2) For AD 2000 it is permitted a length Ls = 1.25 × √ Dsi Es along the shell. Length along the manhole neck is thus
Lb = 1.25 × √ dsi. Length into the cylinder can be regarded as reinforcing is 0.5 Lb.
It is the factor 1.25 makes the large difference when the area calculated for the inspected LPG tanks.
When utilizing the material in the shell almost 100% most reinforcement is gained in inspection opening/manhole.
Different safety factors produce different results as described in appendix 7.
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