




applied only as a "yardstick" to provide reasonable protection with a
minimum amount of additional material. However, anchor bolt
stresses should be held low (15,000-16,000 psi) for these vessels or, if
a higher stress is used, the design procedure outlined should be
applied to them. Proper tightening of anchor bolts for vessels subject
to dynamic behavior is of utmost importance and it is recommended
that they should be pretightened to the predicted working stress to
avoid stretching and loosening in service It is definitely unnecessary
to apply this method to the design of the foundation unless the vessel
is operating in a seismic area.

The design procedure just outlined produces consistent results and
also provides additional material to resist the force due to
mass-acceleration of the vessel in motion. A number of years ago,
approximate calculations indicated that the total force due to wind
load plus the force due to mass acceleration was about 1.5 to 1.70
times the static force due to 30 lb/ft, wind load for several different
size vessels. It was found that the recommended design procedure
resulted in shell thicknesses within a few thousandths of an inch of
those obtained by the more lengthy approximation. Many critical
vessels have been successfully installed which were designed to the
seismic analogy method just described.

The same company that produced the first graph of equation (4)
tentatively recommended the seismic design method using a 0.20
seismic factor for their vessels requiring dynamic design in order to be
on the "safe side." Since this company was mainly interested in the
response of vessels and other structures to earthquake induced
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Natural period of vibration Earthquake coefficient
Less than 0.40 sec 0.20
0.40 sec to 1.0 sec 0.08 divided by period
Greater than 1 sec 0.08

Attention is again called to the fact that this paper is primarily
concerned with vibrations induced by wind or other forces which
occur more frequently than earthquakes and it should be noted that the
vessel reported as Case II under Field Data is well within the later
recommendations outlined here and vibration trouble was encountered.
It is agreed that the current practice is probably adequate for
earthquake design; however, all critical vessels (except the vessel
reported as Case II) designed and installed by our company have been
designed to the seismic analogy method using a 0.20 seismic factor.

Not all vessels designed as static structures have the same thickness
of shell for their entire length and some vessels are of more than one
diameter. These vessels, as well as many designed as dynamic
structures cannot have their period of vibration estimated from the
graph in Fig. 1 or equation (4). It is also desirable to know the change
in the vibration period resulting from dynamic design. Of the several
methods referred to in reference books on vibration [1, 2, 3] the
numerical integration of the equation
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vibration, they later revised their recommendations as follows:

Fig. 1


