DISCUSSION

Author's Closure
The author is grateful to t h e discussers for their interesting
comments about the contribution of dead load to the buckling of
arches and in particular for their bringing to his attention t h e
experimental work of Lind and Deutsch and their own analytical
work on this question.
Unfortunately, the experimental point representing the maxi-
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Since the authors have successfully determined a solution, in
this paper, to the low Reynolds number steady-state equation of
motion there would seem to be an implication t h a t steady state
can in fact be achieved.
I n short could the authors comment on or amplif y their remarks
regarding "steady state?"

Authors' Closure
I was interested and gratified to hear t h a t Burke and Berman
had found experimental verification of the "kinks." Their paper
has not yet reached me but its title suggests t h a t one ought to
compare their results with those in an earlier theoretical paper. 6
The reservations about whether "steady-state" flow could be
achieved did indeed refer to fully developed flow. Starting from
rest and gradually speeding up the boundary flow to unity, would
the flow pattern necessarily tend with time to a limiting form?
If so, is only one limiting form possible, viz., that in which the
pattern is analytic over the entire quadrant? And finally, would
this flow be stable?
None of these questions has been finally answered. There is a
widely held belief t h a t physical instability would necessarily
have involved numerical instability, b u t the grounds for this belief are not very clear.
6
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p. 426.

for buckling pressure under hydrostatic pressure of spherical and
cylindrical shells alone
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sented b u t the discusser would like to discuss some special aspects
of the subject.
where fcsph is defined from experiments and is only a fraction of the
There is some ambiguity in Table 1 of the discussed paper. I t
calculated theoretical value obtained from linear theory [1].'
seems that the numbers in the column labeled "Experiment" are
based on equation (17) of the paper and not on actual experi- ftoyi is denned by experiments and usually is taken as about 80
mental data. Nevertheless, i t is stated in the paper that the percent of the theoretical value calculated by linear theory [2].
Now, if the hemispherical cap and the cylindrical shell are made
agreement between theory and experiment is very good. This
from the same material and have the same thickness, as in the
point needs some discussion.
discussed case than the ratio of the buckling pressures of the two
I t is well known that the spherical cap under hydrostatic presshells will be
sure is sensitive to initial imperfections while the cylindrical shell
under the same loading is less sensitive to initial imperfection.
p^ph = fc^ph L / o \ 0 ' 5
(2)
The paper deals with a structure which is a combination of both.
Pcyl
&cyl 0, \ h /
Is the new structure sensitive to initial imperfections? From the
fact that the results obtained b y the linear theory used in the
For a/h = 100 as is given in the paper fcSBh is about 0.3 [1] and
paper agree well with experimental results it seems that the com- fcoyi about 0.73 [2]. For the minimum value (L/a) = 1 given in
bined structure is insensitive to imperfections. Why is i t so? the paper, one obtains
T o answer this question it is convenient to look at the expressions
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H. C. PERKINS2 and C. CARTMILl.3 The authors are to be congratulated for an interesting paper in which they have shed considerable
insight into the question of whether "kinks" in the velocity profile are real. Recent experimental work, 4 done subsequent to the
authors work, also show these kinks although the entrance geometry and flow passage is different from that analyzed by
the authors. The question we should like to raise is what do the
authors mean by a steady-state flow? They raise the question of
whether an axially symmetric flow with a flat initial velocity profile will ever achieve a steady state. Are they possibly referring
here to "fully developed?"

mum load achieved was inadvertently omitted from the graphs
in Pig. 10. T h a t point has values of P = 55.5, V = - 0 . 2 1 4 , and
G = 42.8. Furthermore, the load of 55.5 is the applied load at
buckling (uncorrected for dead load). F o r the high-strengthsteel model used in the tests, however, the weight of the arch itself was a small fraction (about 5 percent) of the measured buckling load.
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Authors' Closure
T h e statement in the paper t h a t agreement between theory and
experiment is very good refers to results from an unpublished
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experimental report b y D T M B [4] 4 (NSRDC). Since the experimental results agreed very well with the equivalent length
formula obtained at N S R D C it was decided t h a t it would be j list
as instructive to compare t h e theory with the results obtained by
the equivalent length approach. Table l 6 included with this
Note compares our results with actual experimental results.
Table 1 also compares our results with results obtained by Bushnell [5] for the experimental model in a report t h a t appeared
after our report [6] came out. The results are compared for
L/a > 1 since as was pointed out in t h e paper prebuckling rotations have to be included for smaller value of L/a.
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The Response of Narrow-Mouthed Harbors
in a Straight Coastline to Periodic
Incident Waves1
FREDRIC RAICHLEN2 and JIIN-JEN LEE.3 The authors have presented interesting results on the response to long periodic waves of
a harbor with a narrow opening connected to the open sea. T h e
theory which was developed is considered applicable by t h e
authors so long as the entrance and the characterizing dimension
of the harbor are small compared to the wavelength of the periodic
plane incident waves. Actually, for a large entrance width this
apparent limitation can be overcome b y dividing the harbor
entrance into several segments (e.g., "n" segments with the length
of each segment small compared to the wavelength), and the solution can be considered to be the superposition of the solutions for
n harbors with entrances corresponding to the n segments intowhich the original entrance was divided. Instead of one unknown coefficient, A, in equation (5) there will be n unknowns a t
the harbor entrance which are determined from the solution of
simultaneous equations obtained b y matching conditions. T h e
imaginary boundary between the entrance channel and the
harbor can also be divided into n segments. Naturally, if t h e
entrance channel width is no longer small the dependence in the ydirection of the velocity potential must be included in equation
(6).
A limitation of the general applicability of the theory developed
is t h a t the full response curve can be obtained only for harbors for
which the eigenfunctions can be predicted a priori. This limits
the application of the the authors' theory to cases where t h e
geometry of the harbor is either simple or can be approximated
in a reasonably simple fashion. T h e amplitude distribution
within the harbor cannot be predicted without knowledge of these
eigenmodes.
The writers, in a recent work, have studied t h e wave-induced
oscillations in harbors of arbitrary shape that contain interconnected (or coupled) basins each with arbitrary shape. (Publication of this work is now under preparation.) This coupled1
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For this case the buckling load of the spherical cap is about 4
times higher than t h a t of the cylindrical shell. I t seems that this
fact explains the good agreement between theory and experiment.
From equations (1) it is clear t h a t for some different geometrical
relations between the radii and the thicknesses of the spherical and cylindrical shells the buckling pressure of the spherical
shell will be lower than that of the cylindrical shell, and
the combined structure will become more sensitive to initial imperfections. Then one cannot expect an agreement between
linear theory and experiment as good as that reported in the
paper.
In Fig. 1(a) of the paper the cylindrical shell is shown to be
optionally stiffened. If this is done the general buckling load of
the cylindrical shell will increase appreciably [3], and the question
of the combined structure becoming sensitive to initial imperfections will arise again.

