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Pressure Vessel Support - Skirt

A skirt support consists of a cylindrical or conical shell welded to the bottom head of the vessel. A base ring at
the bottom of the skirt transmits the load to the foundations through the anchor bolts.

The skirt is generally welded to the bottom head using any of the three arrangements shown in Figure 1 - the
second arrangement is usually the most preferred one.

Figure 1: Skirt Supports

Skirt supports do not impose concentrated loads on the vertical shell. They are particularly suitable for use with
tall columns subject to wind loading. Openings must be provided in the skirt for access and any connecting

pipes.
Support Skirt Design

The skirt thickness must be sufficient to withstand the dead weight loads and bending moments imposed on it by
the vessel; it will not be under vessel pressure.

The resultant stresses in the skirt will be:

Os (tensile) = Obs - Ows
Os (compressive) = Ops + Ows
Obs = Bending stress in skirt
= ﬁ where Mg = Maximum bending moment, evaluated at
the base of the skirt
ty = Skirt thickness
D; = Inside diameter of skirt, at the base
Ows = Dead weight in skirt
= ﬁ where W = Total weight of vessel and contents
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The skirt thickness should be such that under the worst combination of wind and dead weight loading, the
following design criteria are not exceeded:

Os (tensile) < fs (Maximum allowable design stress for the skirt material at ambient
temperature)
Os (compressive) < O.125E(;—5)

A large factor of safety is used in the expression for allowable compressive stress because a slight out-of-
roundness can have significant consequences. ASME uses an approximate factor of safety of 10.0.

The minimum thickness of the skirt should not be less than 1/4” (6 mm). Where the vessel wall will be at a
significantly higher temperature than the skirt, discontinuity stresses will be set up due to the differences in
thermal expansion. Methods for calculating the thermal stresses in support skirts are given by Weil and Murphy
(1960) and Bergman (1963).

Anchor Bolt Design

The loads carried by the skirt are transmitted to the foundation by the skirt base ring (bearing plates). The
moment produce by wind and earthquake forces will tend to overturn the vessel; this will be opposed by the
couple set up by the weight of the vessel and the tensile load in the anchor bolts. For large columns, a base ring
design using double ring stiffened by gussets is often employed as shown in Figure 2.

Figure 2: Base Ring Design Using Double Rings

NN N

The anchor bolts are assumed to share the overturning load equally, and the bolt area required is given by:

Npfp L Dp

1 %_W]

where A, Root area of one bolt, mm?

Np Number of bolts
f, = Maximum allowable bolt stress, N/mm?
(typical design value: 125 N/mm? or 18,000 psi)
Ms = Bending moment at base, Nm
W = Weight of vessel, N
D, = Bolt circle diameter, m

b

Following guide rules are generally used while selecting the anchor bolts:

—_

Bolts smaller than 1 in (25 mm) diameter should not be used.

)
2) Minimum number of bolts is eight.
3) Use number of bolts in multiples of four.
4) Bolt pitch should not be less than 2 ft (600 mm). If this minimum bolt pitch cannot be accommodated

with a cylindrical skirt, a conical skirt should be used.
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Base Ring Design

The base ring must be sufficiently wide to distribute the load to the foundation. The total compressive load on the

base ring is given by:

4Mg

w

F, = [nD 7+ — where Fy
Ds
The minimum width of the base ring is given by:
F, 1
L, = f_f e where L,
fe
q

tb
'
T

Compressive load on the base ring, N/m

Skirt diameter, m

Base ring width, mm (see Figure 3)

Maximum allowable bearing pressure on the
concrete foundation pad, which will depend on the
mix used; and will typically range from 3.5 to 7
N/mm? (500 - 1000 psi)

Figure 3: Base Ring Dimensions

The required thickness of the base ring is found by treating the ring as a cantilever beam. The minimum

thickness is given by:

t, =L, 3f—f” where L, = Distance from the edge of the skirt to the outer
edge of the ring
f'. = Actual bearing pressure on base, N/mm?
f. = Allowable design stress in the ring material,
typically 140 N/mm?
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Sources:

1. Coulson and Richardson’s Chemical Engineering, 3" Edition by R. K. Sinnott

Parts of this article are reprinted from ASME 2010 BPVC, Section VIII, Div. 1, by permission of the
American Society of Mechanical Engineers. All rights reserved.

**END OF THE ARTICLE™™

D. About CoDesign Engineering

CoDESIGN
Engineering

CoDesign Engineering is involved in providing training and consultancy services as described below:
Training

% Pressure vessel & heat exchanger design (ASME Section VIII, Div. 1 and Div. 2, TEMA)
% Power and process piping and piping system design (ASME B31.1, B31.3, and Valves)
% Solar PV power plant design

Consultancy

Engineering solutions related to pressure vessels and heat exchangers
PMC as well as EPC services for solar PV power plants

®,
0.0

R/
0.0

Our trainings can be offered at most cities in India and in US.

Please contact training@codesignengg.com for the training calendar and rates.

Visit our website www.codesignengg.com for contents of the courses.
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Did you like this article?

I would request you to provide me your feedback on the article in this newsletter (and the previous
newsletters as well). | would also request you to send me email addresses for your acquaintances
that would benefit by receiving this newsletter. If you would like to contribute articles, please let me
know. Finally, if you would like the newsletter to be sent to a different email address, or not receive
it at all, kindly email me at ramesh.tiwari@codesignengg.com.

Ramesh Tiwari holds a Master’s degree in Mechanical Engineering from Clemson University in South Carolina, and
is a registered Professional Engineer from the state of Maryland in the United States. He has over 22 years of
experience designing pressure vessels, heat exchangers and tanks. Ramesh is a member of ASME Section VI
Subgroup on Heat Transfer Equipment. He is also an approved pressure vessel instructor at National Thermal
Power Corporation (NTPC), a premier thermal power generating company in India.

Disclaimer:

| feel it is necessary to place a disclaimer statement to protect myself, the contributors and the newsletter. The information
provided in this newsletter is for educational purpose only. As a qualified engineer, | take this opportunity to remind all potential
users that it is YOUR responsibility to ensure that all designs are verified, and that such designs comply with the current editions
of the relevant codes. | accept no liability for any loss or damage which may result from improper use of information in this
newsletter.
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