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Abstract  Vibrations of a floating ice cover on top of a two-dimensional ideal fluid of arbitrary depth are studied when
the effects of nonlinearity, inertia, and damping are all considered. We reduce the fully nonlinear problem to a cubic-
truncation system involving variables on the free surface by expanding the relevant pseudo-differential operators and
retaining nonlinear terms up to the third order. To validate the accuracy of the reduced model, we focus on the free
wavepacket solitary wave solutions. In the absence of damping, the normal form analysis is performed to derive the cubic
nonlinear Schrédinger equation, which predicts the existence of free wavepacket solitary waves in the primitive equations
and the accuracy of the cubic-truncation model. The main advantage of the cubic-truncation approximation over the

quadratic-truncation model is that the resultant NLS equation has correct coefficient of the nonlinear term, which allows a
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better approximation of dynamic responses of the ice cover near the phase speed minimum. Solitary waves are then

numerically computed, and it is shown that the cubic-truncation approximation agrees well with the full Euler equations

for bifurcation curves and wave profiles, indicating that the reduced model is more accurate than the quadratic truncation

model. The nonlinear dynamic response of a floating ice sheet to a fully localized constant-moving load is investigated

based on the cubic-truncation model. The time-dependent solutions are compared with the data from the field

measurements, and good agreement is achieved between the numerical results and experimental records.

Key words hydroelastic wave, wave-structure interaction, free-surface flow
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Fig.2 The bifurcation curves of wavepacket solitary waves for
h=250m and a = 0.069. Solid line: full Euler equations, dashed line:
third-truncation model, dotted line: quadratic-truncation model. (b) The
typical profiles for ¢ = 1.287 8. Solid line: full Euler equations, dashed
line: third-truncation model, dotted line: quadratic-truncation model

HE I, 33K 5 30— o A T A 7R M A 2 A LT KR
h=6.8m MEEAT T B ARAE KRG 0L, Z B #kisr
B b5 5 A RR 7 7 R 2 IA) 1) 22 BR R KR h = 6.8 m I
WK, SEATCVE i H 58 A R 5 R A0 S5 o 9 Ak
()% e, FORE B /N T = I AT Y, DR e KR A
KA LA — o A B R 2 AN S (1) 14 2(b)
BB R TP ¢ = 1.287 8 I, kTR AL, =
I T A 280 R 5 A R R (R IS 38 A 8 T LR
Eb. DR 35 PR Rh K IR T = B 38 R 70— e 8
HR IR 5 vy g R 2 ) PR ) L, = o A T A 7R S 4R L
AR R, SNk & B AL AR 2L,

2.2 EFEE NHIKEIEL M R

BT =T S (5) MK (7), %R AR
I ReXui = K VA E I N1 V) O P DAV i R

LG5 SR 53 0 55 S 25 AT L. SR b K 2
Bt BT by FAREE N R 1 iR, 155655 Takizawal!!
() S o6 25 B %S H 2 AE H AL IE () Lake
Saroma 57 1), ARFE S50 v T s (1) 2 B0A] i E 15
PEIUR I @ = 0.069 2, TAMMEAT p(x — Ur) WiE £
(ERPSE - HI R o N iUR R Q0 D (M T
Takizawa W10 55 T 207 22 1 00 A 9 IS 1) 5
I A DK 2 B K T T AN L B ISF ) ) 22 e, S Ay
J RN M 7% T T R PR ROV . A SR
B AU A 2 RE ), AR VKR AR G R F Pk, 2 55 A
UK)Z BB 1R 5 DL R UK )25 5 Ui AA S A i) ad 2
JE RN % Hosking 25101 & Wang U7 5] AW S 4
T2 bR E T R R R N IS B A N T VKB )
S N AT Y. LTV < emin I IS TR) A 75
ANAR [ 55, Hosking 50101 3 b % 22 41 404 2E AT
501 5 SRRl sk AT X e T AR IZ R B S
£ Ao Flag . Dinvay 551 i BH J8 5 8 B3 B s E
b, R FERCI — by, $UE REPE RN, TER R RN
MR E ZHL R BUE VI e SR S
I [A) A0 5 b . BRI Z A, IX M i A a8 R 715
W AE B HE )8 A5 20 T N H. Cho 451260 S84
K FE RN MERE U R aE e W I T2 10 52 i) At 5 R 155
TR — M € S HUT I R AU 5 S 25

HEAT U4 0T LA Al o HAAREUE. A SR L ACh Tk
(1) 4 1k FE OSSR — B, 138 5256 vh (R RE R RN, B Y
i 5 LIRS H I w7k e 192600 i 2 4
Rk REOFEAE VR R — Rk RO AN R 804 L
X I PRI TV R i i B T, K B00(E 25 SR 5 S 3 i skont
bU 2 P A AR R L W DT A o S A R I R BB

F1 Rk RIRKE NI R E MRS B A BE R B AL
Table 1

shallow-water!!! and deep-water!?! experiments

Values and units of the physical parameters in the

Physical parameter Symbol Lake Saroma  McMurdo sound
Young's modulus E/(N-m™2) 5.1x108 42x10°
Poisson ratio v 0.3 0.3
ice thickness d/m 0.17 1.6
water depth h/m 6.8 0
flexural rigidity D/(N-m) 2.35x10° 1.8x10°
water density pw/(kg-m=) 1024 1026
ice density pi/(kg-m3) 917 917
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Fig. 3 Comparisons of the numerical results of Eq. (3) the numerical
results of cubic-truncation model and the experimental records of Ref.
[1]. The dashed lines represent the experimental data, and the red dots
indicates the position of the load as it passed the deflectometer. The solid
lines shows the numerical results of Eqs. (5) and (7), and the blue dots
indicates the z-position of the load as it passes the point where the time
series are obtained
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