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Abstract : Subgrid scale stabilization method is applied to Woo and Liu(2004)’s extended Boussinesq FEM numerical
model to eliminate the 2dx wiggles. In order to optimize the computational efficiency, Hessian operator is introduced and
the matrix of velocity vector is combined to one matrix for solving matrix equations. The mass lumping technique is also
applied to the matrix equations of auxiliary variables. The newly developed code is applied to simulate Vincent and
Briggs(1989)’ wave transformation experiments and the results show that the numerical solution is almost wiggle-free and
it matches very well with experimental data. Due to improvement of computational efficiency and wiggle reduction, it is
plausible to apply this model to a realistic problem such as harbor oscillation problems.
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Table 1. Input wave conditions for shoal test(Vincent and Briggs,

1989)
Case Peak Period Significant Wave ..
D Type ) Height(cm) Condition
M2 Mono 1.30 2.54 Non-breaking
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Fig. 2. Schematic domain for Vincent and Briggs(1989)’ shoal test.
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Fig. 4. The overview about wave refraction and diffraction for non-breaking: The snapshots of improved extended Boussinesq FEM model

at (a) 15.8s, (b) 31.8s, (c) 47.8s, (d) 63.8s.
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Fig. 5. Comparison of numerical solutions for Vincent and Briggs’ shoal test : The free surface elevation along (a) x=178.9m at t=48.2258s,
(b) y=124.8 m at t=48.2258s, (c) x=178.9 m at t=50.4270s, (d) y=124.8 m at t=50.4270s.
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Fig. 6. Comparison of normalized wave height between experimen-
tal data and numerical results for M2 case.

Table 2. Input wave conditions for shoal test(Vincent and Briggs,

1989).
Case Peak Period Significant Wave ..
D Type ®) Height(cm) Condition
M3 Mono 1.30 13.50 Breaking

and Liu(2004)2] 233 Boussinesq FEM .83} 1] w3} T},

FUNWAVE 5% 232 § 4] FUNWAVE 2.07}4] 7=
Qom, BoJstazl st Aidol whEh A|uyrg g Aest
& 4= 9tk FUNWAVE 1.0 AFF gEfe] Axqt A1Ado]
7Fs st Wb, FUNWAVE 2.09] 7% =4 FEje] A7k
o] 7hsshes s ST & Heoll A Relstalat she
el AL =7 FEje] AR o6kl ekor s
FUNWAVE 1.0& ©]g3lo] Folsi3io
Nwogu(1993)2] #-43 Boussinesq g 242 A€l ).

AAkE 912 14000 <x < 14000 m, 0 <y <60 m®] 3L, yF W

A A2

O



543 Boussinesq FEM model®] =715 2.2} 7)41 55

Vincent & Briggs shoal test(Non-breaking)
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Fig. 7. Normalized wave height of improved extended Boussinesq
FEM model for M2 case.
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Fig. 8. Comparison of normalized wave height between experimen-
tal data and numerical results for M3 case.
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