Floating Roof Design Considerations
by John M. Lieb, P.E., Chief Engineer—Industriatb@Tankindustry.com)

TheAmerican Petroleum Institute (API)
Standard 650 prescribes minimum design
requirements for internal and external float-
ing roofs. However, the minimum API re-
quirements address floatation considera-
tions only. They do not address the dynam-
ics of flooding or prescribe minimum de-
sign practices to account for these dynam-
ics. In terms of allowable stress criteria,
API 650 states, “If calculations are required
by the purchaser, the allowable stress crite-
ria shall be jointly established by the pur-
chaser and the manufacturer as part of the
inquiry.” As a result, there is wide variation
in the approaches to floating roof design,
and wide variation in the durability and
reliability of the finished product.

Most floating roof designers and manu-
facturers consider the flooded liquid load—
rain water or the stored product—as a static
load on the roof and make simplifying as-
sumptions about the response of the roof to
these loads. These assumptions may not b
technically correct. One of the most com-
mon assumptions is that the floating roof
acts as a rigid, rather than a flexible, disk,
in resisting the dynamic loads tending to
overturn it. While this assumption may be
sufficiently accurate for small floating
roofs, it is typically not accurate for larger
roofs.

Tank owners and operators should be
aware that compliance with the minimum
requirements of APl 650 does not necessar-
ily ensure that a floating roof will perform
reliably or tolerate unanticipated loading
conditions that can often occur. The fol-
lowing are some conditions that APl 650
does not specifically address:

Gas Bubbling EffectsGas in the inlet lines
can result in bubbles entering the tank dur-
ing filling operations, particularly when
high filling rates are used. As such bubbles
make their way to the surface of the liquid,
they can impose significant uplift loads on

the roof and cause turbulence under the active areas should incorporate details to
roof. In the process of venting these bub- minimize the risk of damage in a seismic
bles at the perimeter seal or through deck event. Adequate freeboard to accommodate
penetrations, liquid product is typically the predicted sloshing wave is one way to
splashed on top of the roof. In extreme mitigate the risk of damage to or sinking of
cases, this can lead to sinking of the roof. the roof.

The potentially damaging effects of gas Proper engineering design and construc-
bubbles can often be mitigated by a combi- tion for the above conditions will help to
nation of proper placement and details of ensure a durable and reliable floating roof.
the inlet discharge, design of the roof for If the purchaser simply specifies that the
unbalanced loading, and control of the fill- floating roof be in accordance with AP1 650
ing operations. In some cases, strategic and does not provide complete technical
design and placement of additional venting specifications addressing the above and
can help reduce the potential for damage. other considerations, the evaluation of the
Seal Friction Seal friction should be con- Mmost cost-effective design among compet-
sidered in the structural design of floating ing manufacturers becomes very difficult.
roofs. As technology improves toward the
goal of a “zero emissions” storage tank,
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roof perimeter seals must become less tionally recognized expeft
prone to leakage. Normally, but not always, in the design of plate
tighter seals mean higher friction betwee structures including  spg-
the seal and the tank shell. Thus, the desig cialty plate structures foy
of the seal connection to the roof, and the petroleum, chemical, ar|d
roof itself, should consider the effects of granular industries

seal friction. throughout the world.

Flexible Nature of Most Floating Roofs
Most floating roofs, particularly those of
large diameter, are more flexible than one
might expect. In particular, the roof must
have sufficient stiffness in the circumferen-
tial direction at the perimeter of the roof to
resist progressive deflection as the dec
and/or pontoon compartments fill with lig-
uid as the result of a leak or splashing o}
liquid onto the roof. This is not necessarily|
a simple problem as the loading is dynamig
and difficult to accurately predict. Never-
theless, there are design techniques in uge
to account for this type of loading.
Seismic_Loading Floating roofs are typi-

cally not expected to remain undamaged i
a “design seismic event” because to accon

Published by

TaNK INI)UQFR] @*SULTAXTS

Offices also in:
lllinois * Virginia * Texas

www.tankindustry.com

7740 West New York Street
Indianapolis, IN 46214
Phone: 317/271-3100

FAX: 317/271-3300
Info@Tankindustry.com

Storage Tank Engineering Specialists

modate such high forces would usually Since 1979
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ASME Bulk Solids Standard Development Update

In Tank Talk Issue 34 — Spring 2001, TIC netifireaders that the
American Society of Mechanical Engineers (ASME) wasgeloping a
standard for structures that contain bulk solidegRess on this stan-|
dard is well under way thanks to the voluntary eff@f the committee
members. This new standard will include provisifersdesign, fabri-
cation, and construction of welded and bolted steatainers for bulk
solids in much the same way that the ASME BoileP#&ssure Vessel
Code does for pressure vessels, or API Standa@s6& 620 do for
petroleum and petrochemical tanks and vessels. starslard will fill
an important need in the US and in other countsiesre there are no
widely recognized industry standards for bulk sol@bntainers. The
development of this standard was initiated by auest] from the
“Process Industry Practices (PIP)” Group.

The scope of the standard will initially be itied to cylindrical con-
tainers that may include conical hoppers or othésyaametric ele-
ments. Concrete and non-cylindrical containers mat be included in
the first issue of the standard. The major sestiointhe standard in-
clude General Requirements, Design and Materialanihation and
Testing, Fabrication and Erection, Flow and Loadjngith Appendi-
ces for Coatings and Linings, Overpressure (Ventgnsiderations,
and Foundations.

The Committee preparing the Standard is orgahin a Project
Team fashion with each Project Team Leader resplenfir his or her
assigned section or appendix. Typically, the irdiial Project Team
members have special expertise in the sections lchwthey are
working, but all members have considerable expegén one or more
areas of bulk solid container design, fabricat@mg erection. Similar
to other ASME Committees, the Structures for Bulitid® Committee
consists of approximately 1Bsers (of bulk solids containers), 1/
Manufacturers, and 1/3 General Interest memberd) ag Consulting
Engineers. The Committee includes internationamiership to en-
sure that the provisions of the Standard are tealigiconsistent with
bulk solids standards or codes already in usehiaratountries.

Although significant progress has been madéherStandard, there
is still a lot of work to do before it is approvéat publication. Some
of the sections are developed to the point that bi@e been balloted
at least once. Other sections are not yet develtptitk point that they
can be effectively balloted. The Committee meets oegular basis to
review progress. ASME has created an Internet vitebfar the new
Standard. Information and access instructions tble site can be ob-
tained from Umberto D'Urso of ASME by calling (21891-8535.
More information about the Structures for Bulk 8sliCommittee can
be obtained by calling or e-mailing John Lieb, wiairs the ASME/
ANSI Committee, at (630) 226-0745, lieb@tankindustwm, or by
calling Umberto D'Urso.

Attending ILTA in Houston? Stop by and visit with the
TIC representatives at Booth 805
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API 650 External Pressure Design Appendix

In the near future, API will publish an appendixA®| Standard
650 that will prescribe requirements for the desifimanks that oper-
ate at negative internal pressures (vacuum). Tdekgned and con-
structed in accordance with AP1 650 are considarktjuate for nega-
tive pressures up to 1-inch water column gage. Wewenany tanks
need to be capable of withstanding greater vacuw@sspres, whether
for normal or for upset operating conditions.

At the request of the “Process Industry Pcasti(PIP)” Group, the
API Subcommittee Pressure Vessels & Tanks underio@klevelop-
ment of a new appendix. The new appendix willséatihe need for
an industry standard for the design of tanks thadtreafely withstand
greater than 1-inch water column and up to 1-paiuum pressures.

The technical bases for the provisions ofrtber appendix are de-
rived from several well-known documents includingraprietary Du-
Pont Engineering Standard; ASME Code Case 2286dMIRe-
search Council Bulletin 406; ASME Boiler & Pressifessel Code,
Section VIII, Division ; AISI Steel Plate Engineeg Data; and other
API publications. The appendix will prescribe rufes designing and
constructing a tank for a specified design extepraksure and will
include rules for combining that specified presswith other load-
ings, including wind that may occur simultaneousihe appendix
allows options for increasing a tank’s resistarcexternal pressure
by using circumferential stiffeners or by increasthe shell thickness,
or by using a combination of the two methods.

The appendix provides the equations necesgaryalculate the
thickness of self-supporting roofs for both conigatl dome roofs, the
thickness of the shell, the sizes and spacing dfard intermediate
circumferential stiffeners, and the weld size faffener attachment

b welds. In addition, guidance on bottom evaluatiout, not prescrip-

tive equations, is included. For example, the adpewill address
the condition of a nearly empty tank sited in atagiment area, or
dike that is subject to flooding.

The appendix will also include an example glesllustrating the
use of the equations.

This appendix is known as Appendix V and ishia final stages of
the API approval balloting process. This appendik fill a need in
the aboveground storage tank industry for standafddesign and
construction for tanks that are subject to vacuoading.

TIC’s John Lieb chaired the API Task GroupttHaveloped the
new appendix. Any questions should be directedotin by calling
(630) 226-0745 or e-mailing lieb@tankindustry.com.

Changes in ASME Standard for Aluminum

The ASME committee for Aluminum Tanks is disding, accord-
ing to Steve Braune, committee vice chair. Thadsaad will, how-
ever, be developed by the API Storage Tank Comeitte

TIC Welcomes Steve Braune—Manager, Eastern Region

Steven L. Braune, P.E., has joined Tank IndustmysGitants to assist with water and industrial ptej¢hroughout the United
States, with emphasis on the states along thereas@board. Steve’'s previous experience inclut@e than thirteen years
with large, international tank fabricators and ¢omngtors. For the past sixteen years, he has Wwé&hnmPAEC Engineering
where he provided project management for seleatsiniil and municipal clients, and acted as seaigineering con-
sultant to their engineering staff, providing teidah support for marketing and sales efforts.

Steve is a member of the American Petroleustitiie (API) Subcommittee Pressure Vessels andslatle is an
API 653 Certified Aboveground Storage Tank Inspectde teaches API 653 and 510 preparatory cldssé€sode West
and speaks on tank-related topics at industry eveHe is also actively involved in several Amenicdociety of Me-

chanical Engineers (ASME) committees.




