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ENGINEERING EQUIPMENT AND MATERIALS USERS' ASSOCIATION

The Engineering Equipment and Materials Users' Association, more commonly
known as EEMUA, is a European based, non-profit distributing, industry
Association run for the benefit of companies that own or operate industrial
facilities.

EEMUA aims to improve the safety, environmental and operating performance of
industrial facilities in the most cost-effective way.

EEMUA Members pursue these aims by sharing engineering experiences and
expertise, and by the promotion of their distinct interests as the users of
engineering products.

More specifically, the aims of EEMUA Member companies are achieved by:

e providing the organisation within which networking, information sharing and
collaboration on non-competitive technical matters can take place;

¢ influencing the way written regulations are interpreted and applied in practice;

e presenting and promoting Members' views, and encouraging the application of
good, sound engineering practices;

e developing and publishing user guides, specifications and training materials;

o facilitating Members' participation in national and international standards
making;

¢ influencing relevant national and European legislation and regulations.

Formed in 1949 as the Engineering Equipment Users Association, and re-named
in 1983 (as a result of taking over the materials association, OCMA), EEMUA
has for more than fifty years given companies that own and operate process
plants, power stations and other significant industrial facilities, a collaborative
voice in addressing technical and engineering related issues that impact on good
integrity management and asset management practices. The Association is open
to companies of all sizes that meet the 'engineering user' criteria. A list of
current Members of EEMUA is maintained on the Association's website at
www.eemua.org/about.htm.

EEMUA activities often lead to the production of publications. These are prepared
primarily for Members' use, but may be offered for sale as well.

A list of EEMUA publications for sale is given at the end of this Publication. The
full list is also on the Association's website at www.eemua.org/acatalog/shop.html,
together with on-line shopping facilities.

To enquire about corporate Membership, write to info@eemua.org or call +44
(0)20 7621 0011.
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About This Publication

Legal Aspects

All rights, title and interest in this Publication shall belong to EEMUA. All rights
are reserved. No part of this Publication may be reproduced, stored in a retrieval
system, or transmitted in any form or by any means: electronic, mechanical,
photocopying, recording or other, without the express prior written agreement of
the EEMUA Executive Director.

Infringement of copyright is not only illegal, but also reduces the Association's
income thereby jeopardising its ability to fund the production of future
publications.

It has been assumed in the preparation of this Publication that: the user will
ensure selection of those parts of its contents appropriate to the intended
application; and that such selection and application will be correctly carried out
by appropriately qualified and competent persons for whose guidance this
Publication has been prepared. EEMUA does not, and indeed cannot, make any
representation or give any warranty or guarantee in connection with material
contained in its publications, and expressly disclaims any liability or responsibility
for damage or loss resulting from their use. Any recommendations contained
herein are based on the most authoritative information available at the time of
writing and on current good engineering practice, but it is essential for the user to
take account of pertinent subsequent developments and/or legislation.

Any person who encounters an inaccuracy or ambiguity when making use of this
Publication is asked to notify EEMUA without delay so that the matter may be
investigated and appropriate action taken.

Consultation and Feedback

EEMUA encourages constructive comments on this Publication from both Members
of the Association and others.

Comments should be sent on the standard feedback form, a copy of which is
provided towards the end of this Publication. An electronic version of the form is
available from EEMUA - e-mail your request for a copy to info@eemua.orq,
telephone your request to +44 (0)20 7621 0011, or download the form from the
EEMUA website at www.eemua.org. Submit comments by e-mail (preferred) or
post.

Comments will be considered by the relevant EEMUA Technical Committees and
may be incorporated in future editions of this Publication. New editions will be
publicised on the EEMUA website.
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Foreword

This Publication has been developed by the EEMUA Storage Tanks Technical
Committee to give guidance to designers and users of fixed roof vertical
cylindrical storage tanks on methods of ensuring that, in the event of vapour
over-pressure, tank failure occurs preferentially at the roof-to-shell joint. This
Publication covers the essential features both for new structures and for the
modification of existing structures and includes illustrated examples of good
design practice and photographs of tank failures.

The reader’s attention is also drawn to the companion EEMUA publications:
Users' Guide to the Maintenance and Inspection of Above-ground Vertical
Cylindrical Steel Storage Tanks, EEMUA Publication 159 and Guide for the
Prevention of Bottom Leakage from Vertical Cylindrical Steel Storage Tanks,
EEMUA Publication 183.
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APl 650 Welded steel tanks for oil storage.
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1. Introduction and Scope
1.1 Introduction

Vertical, cylindrical storage tanks with fixed roofs have a vapour space between
the roof and the stored liquid. This vapour space contains a mixture of product
vapour and air; for certain products this mixture may be in the flammable range.
Fixed roofs are provided with open vents or pressure-vacuum valves for venting
(see Figure 1).

OPEN VENTS OR
ROOF-TO-SHELL / PRESSURE/VACUUM VALVES

CONNECTION \ —

SHELL TO BOTTOM
CONNECTION

UCT

Figure 1 Fixed roof storage tank

Under normal operating conditions these vents ensure that the pressure in the
vapour space remains close to atmospheric pressure by relieving when
over-pressure or vacuum exceeds certain specified values. Over-pressure can
occur when a tank is being filled, or when the temperature and hence pressure in
the vapour space is increased by the sun's heat on the roof (see Figure 2). The
reverse occurs when a tank is being emptied or when the ambient temperature
falls.

FILLING

FILLING LOSS BREATHING LOSS

Figure 2 Evaporative losses from a fixed roof tank

Under conditions of differing degrees of abnormality, caused for example by
mal-operation, external fire or internal explosion, the resulting increase in vapour
pressure may be so rapid that the venting devices are unable to handle the
demand. This may be so even when additional ‘emergency' venting capacity is
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provided. As a consequence the tank may be damaged. In such cases the
design should ensure, as far as possible, that the failure occurs at the roof-to-
shell connection and not at the shell-to-bottom connection. Failure of the roof-
to-shell connection will normally create sufficient extra venting capacity so that
no further damage to the tank shell occurs and the stored liquid is safely retained
inside the shell of the tank (see Photo 1).

To increase the likelihood of a preferential roof-to-shell failure, fixed roof tanks
are generally provided with a weak roof-to-shell connection known as a 'frangible
roof joint'. A sectional view of a typical frangible roof joint is shown in Figure 3.

FILLET WELD

SEAL WELD ONLY\

Z
\\\\\\\\3 \ ROOF PLATES

NOT WELDED TO THE ROOF
SUPPORTING STRUCTURE

T0P CURB ANGLE <

—=——TANK SHELL

Figure 3 Typical frangible roof joint

1.2 Scope

This Guide covers the factors and conditions that influence, favourably or
unfavourably, the effectiveness of a frangible roof joint. These factors and
conditions and their effects on roof frangibility are considered from both
theoretical and practical standpoints. The Guide is intended to assist designers
and users of such tanks to carry out detailed evaluation, of both new designs and
existing tanks, as to whether there is:

e a reasonable chance that the tank will fail preferentially at the roof-to-
shell connection;
e a significant risk that the tank will fail at the shell-to-bottom connection;

and in the event of the latter, to assist in identifying the design, constructional or

operational parameters which may need to be changed in order to increase the
probability of a roof-to-shell failure occurring before a shell-to-bottom failure.
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2. Types of Fixed Roof Storage Tanks

In Europe, fixed roof storage tanks are now generally designed and constructed in
accordance with EN 14015.

EN 14015 classifies tanks as follows:

non pressure tanks, rating from -5 to +10 mbar;

low pressure tanks, rating from -8.5 to +25 mbar;

high pressure tanks, rating from -8.5 to +60 mbar;

very high pressure tanks, rating from -20 to +500 mbar.

Older tanks, constructed before 2004, were mostly designed and constructed in
accordance with other codes. Note that these existing tank classifications do not
change over time and tanks should be checked against the design codes used in
their construction.

These codes were:

e BS 2654 for tanks with internal pressures up to and including 56 mbar. In
this code, tanks are subdivided in three classes:
 non pressure tanks, rating from -2.5" to +7.5 mbar;
e low pressure tanks, rating from -6~ to +20 mbar;
« high pressure tanks, rating from -6" to +56 mbar;
e APl 650 for tanks with internal pressures up to an including 180 mbar;
API1 620 for tanks with internal pressures exceeding 180 mbar up to and
including 1025 mbar.

Tanks designed and constructed for design conditions equal to or exceeding 20
mbar will have roof-to-shell joints designed for service conditions and these may
not be frangible. In such cases the designer should check whether the frangibility
characteristics could be met.

" For stability calculations these negative pressures have to be amended, from -2.5 mbar to -5 mbar
and from -6 mbar to -8.5 mbar, to allow accumulation for the vacuum valves to develop full design
throughput.

Documents

3 Document Sharing Hub

Full document details: EEMUA 180-2007


http://www.avadocuments.com/doc/eemua-180-2007
http://www.avadocuments.com/doc/eemua-180-2007

EEMUA Publication 180 - Frangible Roof Joints for Fixed Roof Storage Tanks ©EEMUA

Documents

4 Document Sharing Hub

Full document details: EEMUA 180-2007


http://www.avadocuments.com/doc/eemua-180-2007
http://www.avadocuments.com/doc/eemua-180-2007

EEMUA Publication 180 - Frangible Roof Joints for Fixed Roof Storage Tanks ©EEMUA

3. Venting Capacities

EN 14105 Appendix L, BS 2654 Appendix F, APl 650 Appendix F and APl 2000
specify the venting capacities required for both operational (normal) and
emergency (external fire) conditions.

3.1 Normal Venting

Normal venting requirements are dependent upon maximum filling and emptying
rates (mainly), thermal effects and vapour pressure of the stored product.

3.2 Emergency Venting

Additional, emergency venting capacity is required only for tanks without
frangible roof joints. The requirement in each particular case is based on a rate
of heat input from an external fire which is assumed to depend on the wetted
area of the tank. The correlation between heat input rate and wetted area given
in APl 2000 is based on actual fire tests.

Experience suggests that the emergency venting capacity will usually cater only
for a gradual rate of increase in vapour pressure such as may result from a
moderate, and gradual increase in, heat input from a distant fire. The venting
requirements specified in the standards assume steady state conditions and do
not consider rate of increase in vapour pressure.

It is emphasised that emergency vents may not be able to handle the sudden
relief demand under the conditions of severity described in Section 4.

3.3 Roof Joints and Frangibility
3.3.1 According to BS 2654 and API 650

The latest editions of BS 2654 Appendix F and APl 650 Appendix F specify a tank
to have a frangible roof joint when the cross-sectional area of a complete roof-to-
shell section is less than a specific calculated maximum. (See applicable codes
for detailed information about formulae to assess this maximum cross-sectional
area.)

However, the operational internal pressure will induce membrane stresses in the
roof plates which, in turn, will try to pull the top curb section inwards (see
Figure 4).

Figure 4 Force distribution in roof-to-shell joint induced by an internal pressure in
a storage tank
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where:

T = tensile membrane force in roof plates induced by an internal pressure
in a tank (N)

V' = vertical force derived from force 7 (N)

H = horizontal force derived from force 7 (N)

P = pressure in vapour space of storage tank above liquid level diminished
by the own weight of the roof plates (N/m?)

R = nominal radius of tank shell (m)

6 = angle of roof plates with horizontal surface (degrees).

The available design codes, therefore, prescribe a method to assess the minimum
required cross-sectional area of the roof-to-shell section of a tank that is capable
to take up the loads induced by the design internal pressure of a storage tank.

Only when the maximum cross-sectional area, as determined from the formulae
of BS 2654 Appendix F and APl 650 Appendix F, is in excess of the minimum
required cross-sectional area to accommodate the loads induced by the design
internal pressure in a tank, may a roof joint considered to be frangible.

3.3.2 According to EN 14015

EN 14015 Appendix K gives formulae which can be used to determine whether
the failure pressure (the pressure at which the joint fails) of the shell-to-bottom
connection is higher than the failure pressure of the roof-to-shell joint. For new
tanks, it is specified that the difference between the failure pressure of the shell-
to-bottom connection and the failure pressure of the roof-to-shell joint should be
assessed according to the following formula:

p, =2%y* p. (in mbar)

where:
p, = failure pressure of shell-to-bottom connection (mbar)
y = safety factor, within therange 1 < y < 1.5

p, = failure pressure of roof-to-shell joint (mbar).

3.4 Older Tanks

The requirement for emergency venting was introduced around 1980. It should
therefore be assumed that fixed roof tanks built before that year are operating
without emergency venting. This means that these older tanks are dependent on
the effectiveness of their frangible roof joints for relieving excessive internal
pressure caused by fire in the vicinity of the tank.

Where a roof joint is known not to be frangible, or where there is doubt about its
effectiveness, consideration should be given to the retrofitting of emergency
venting capacity and to weakening the roof-to-shell joint as described in Section 7.3.

Appendix 1 of this Publication, assessment of presence of frangible roof-to-shell

joint in a tank structure, provides a quick scan data sheet for assessing the need
on an urgent basis for a frangible roof-to-shell joint.
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4. Explosions inside Tanks

Explosion in the vapour space of a tank resulting in a sudden increase in vapour
pressure may be caused by:

¢ welding or grinding operations on or near the tank;
¢ a lightning strike on the tank;

e a discharge of static electricity;

e a major fire in the vicinity of the tank;

e water entering a tank in which product with a temperature over 100°C is
stored (explosion due to flashing steam);

e pyrophoric iron sulphide deposits inside the tank causing ignition;
e glowing carbonaceous (coke) deposits in bitumen tanks;
e possible other reasons, e.g. overfilling.

EN 14015, BS 2654, APl 650 and API 2000 do not take internal explosion into
account when considering the design and venting requirements of tanks. The
open vents and pressure relief valves are not able to handle the sudden, very
high rates of relief required by these conditions. The only practical safety
measure is to provide a frangible roof joint to give the required additional venting
capacity and ensure that the contents of the tank are safely retained within the
shell.
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