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_SYNOPSIS

The random response of an offshore structure due to
forces caused by ice floes is studied. The loading, given by

an actual field record obtained by Blenkarn [1l] at Cook Inlet,
Alaska, is assumed to be stationary and ergodic. The structure
is idealised as a damped single-degree-of-freedom elastic

system and the response obtained by the spectrai method.

INTRODUCTION

A probabilistic dynamic analysis is presented in this
paper for the response of fixed offshore structures to ice

floes forced past them.

One of the most comprehensive investigations of
impact forces of ice on structures is that due to Korzhavin [2],
which includes studies on strength of ice under impact loading,
indentation of ice and splitting of ice floes by a pier with a
vertical edge and failure of ice floes on inclined piers. Peyton
[3-7] made significant contributions to the study of ice properties,
laboratory and field investigations of ice-structure interaction
(with particular reference to Cook Inlet, Alaska) and recommendat-
ions for design. Ice force measurements made on a specially
instrumented test pile and other platforms at Cook Inlet have been
described by Blenkarn [1l]. Neill [8,9] has carried out extensive
measurements of ice forces on several bridge piers in Alberta,
Canada. The work included the synchronization of force recording
and movie photography at one site to compare force fluctuations
with the nature of the ice failure. The use of model basins to
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simulate and predict full-scale ice-structure interactions has been
described by Voelker and Levine [10] and Coon [l1ll] has investigated
the forces and deformations associated with small floes contiguous
with each other. Nevel, Perham and Hogue [12], have described
laboratory tests to define limiting ice force levels and identify
different modes of ice failure.

An analytical study for the response of a cantilevered
test pier to deterministic ice forces has been presented by Matlock,
Dawkins and Panak [13]. Assuming that the primary response of the
structure to the excitation of the ice floe would be in its funda-
mental mode of vibration, the test pier was idealised by a damped
single-degree-of-freedom system and the response determined for a
postulated "saw-tooth type" of deterministic loading. The results
obtained for a numerical solution of the differential equation

check well with Peyton's [6] observed values.

The high degree of randomness noticed in the ice force
measurements at Cook Inlet [l] indicates a strong need for

stochastic analysis.

STRUCTURAL RESPONSE TO RANDOM ICE FORCES

The structure considered by Matlock et al [13] is ideal-
ised by a damped single-degree-of-freedom elastic model (Fig. 1),
in the same manner as in their investigation by choosing
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FIG. 1l: THE ELASTIC SYSTEM

The stiffness K to produce the same force-displacement behaviour
and the mass M, the same fundamental frequency as in the actual

structure. The damping constant C of the model is assumed to be
the same as that for the ‘actual structure.

Let the force at any time to be P(t). The mean value
of the forces Pmean is deducted from P(t) to obtain Q(t). The
deflection due to Pmean is

= mean
6mean = K (1)
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The forces Q(t) are random in nature and assumed to be stationary
and ergodic. The record of Q(t) is digitized and fed into a
Fourier analysis programme which gives the approximate spectral
density SQQ of the force deviations Q as a function of the
frequency w-.

The equation of motion of the single-degree-of-freedom

system is .

d™x dax
ac (2)

where X(t) = random displacement of the mass due to Q(t).

Equation (2) can be rewritten as

d™x dx 2 o
— + ZBmO JE + wo Xx = F (3)
dt
where .
w = [K B = e and F(t) = Qét)
5 iy 2 /R

The solution of equation (3) is well known, for example [14].

The spectral density of the displacement X is given by

S (w)
FF
S (w) = (4)
£ (woz—wz)2 + (ZwaO)2
where
S (w) = L. s (w) is the spectral density of F(t) (5)
FEF M2 QQ :
The mean square of the displacement X is obtained by
2 ==]
X = [ Syy (w) dw (6)
o
ILLUSTRATIVE EXAMPLE
The system parameters of the single-degree-of-freedom
system of Matlock et al [1l3] are
K = 50 kips/inch
M = 0.14 kip-sec?/inch
C = 6% of the critical value (i.e. B = 0.086)
wo = 3 cps
The force acting on the system is represented by
three segments, of 4 seconds each, taken from Blenkarn's [1]
force record of a much longer duration (Fig. 2). A check of tide
347
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and current tables,

corrected to the location,

flow velocity generally exceeded 3 ft/sec.

FORCE (KIPS) FORCE (KIPS) -

FORCE (KIFS)

suggests that the
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FPIG. 2: ICE FORCE RECORD

The responses obtained by the Spectral Method are summarised in

Table I.

P(t)

P

mean

mean
W

SQQ( )

xx (@)

TABLE T
Fig 2(a) Fig 2 (b)
44.9 kips 43.8
0.898 .in. 0.876
Fig 3 (a) Fig 3(b)
Fig 4 (a) Fig 4 (b)

0.01724 in

2

0.003587

Fig 2(c)
46 .6
0.932
Fig 3 (c)
Fig 4 (c)

0.01892
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DISCUSSION

The power density spectra enable the distribution of
frequency-related vibrational energy to be visualised. As one
would expect from the familiar resonance curve for a linear
system, the power spectral density plots of displacement (Fig. 4)
indicate that the system responds to excitation for w < w_ and

o
w = w_ ('peaking' of resonance) but filters out excitations for

w>>mo? While the first and third spectral density plots indicate
that the assumption of stationarity and ergodicity is warranted,
the discrepancy in the second record suggests a strong need for
the analysis of more segments of the force record. For reliabil-
ity of measurement, the product of the record length and the band

width must be sufficiently large.

The procedure described in this paper can be easily
extended to a structure idealised as a multi—degree—of;freedom
system. In the winter of 1973-74, it is proposed to measure
ice forces on an offshore tower (Figure 5) erected at St.

Phillips by the Ocean Engineering group of the Memorial University
of Newfoundland [15]. The response of the tower to measured
random ice forces will be calculated by the spectral density
method and compared with the observed response. It is hoped that
the results will have some useful applications in establishing
code requirements for sea ice pressures on offshore structures.
From their force measurements on bridge piers, Sanden and Neill
[16] have indicated that "the saving that would ensue from a
reduction in specified ice forces justifies considerable effort
by many organisations". It might be noted that Blenkarn's [1]
suggested value of an upper bound of steady pressure (150 psi)

and his peak forces per unit width (60,000 to 70,000 1b/ft), due
to sea ice, are comparable with the observations of Neill, Saunders
and Schultz [17] on the Pembina River in Alberta.
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