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During a storm event, coastal bridges may become submerged by storm
surge and can fail under the wave loads if they are large enough. When
waves propagate over a submerged deck, they exert horizontal and
vertical forces on the structure (see Figs. 1 and 2). In this study, the 2-D
wave loads on submerged decks are calculated using the Level | Green-
Naghdi (GN) equations, a system of nonlinear equations that describe
the propagation of waves in variable water depth in shallow water. The
GN eqguations are derived from the theory of directed fluid sheets, satisfy
the boundary conditions exactly and are solved using finite difference
methods.
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A parametric study is conducted for storm waves on submerged decks | : =t = | _ > 03 , L
by varying wave conditions and deck geometry. For engineering e 1 1 AT 1 1 Bmspirical Equation £,

purposes, a simplified design-type equation to estimate the wave-
iInduced loads, which would assist design engineers, is missing. Two
empirical equations for the vertical force and horizontal force on @ Horizontal Force
submerged deck due to storm waves is developed. The equations are
optimized (using MATLAB) to give the smallest mean absolute error for the

load. Results of the parametric study will be presented, along with

comparison between the GN, empirical equations, and existing Typically, a computational fluid dynamics (CFD) program is used fo determine
laboratory experiments. the loads on a submerged deck. Empirical equations that estimate the loads

> on the deck based on deck geometry and wave conditions would help

Incident Wave (Cnoidal) engineers in the design process by saving time that it would have taken for the
. CFD program to run. Hence, a design-type equation to estimate the loads on a
submerged deck is of interest. Using the results of the parametric study, the
general forms of the empirical equations are determined. Empirical equations
are developed to describe the uplift force and horizontal positive force given
by the Level | GN equations. MATLAB is then used to optimize coefficients in the . _ - v . v
general form to minimize the mean absolute error of the load. The optimization Emapirical Equation 7,
. process is performed by using nested loops that calculate and compare the Fig 8. Empirical equation results vs level | GN equations results for horizontal force
Region I} load for different combinations of coefficients to the results of the parametric

study. The final form of the dimensionless empirical equations are given in Egs.

(1) and (2).

Fig 7. Empirical equation results vs level | GN equations results for vertical force
Fig 4. Loads on submerged deck vs deck width 0.6 |
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Foo—= 0.14(1_-68—@1)17?1'_17 (1 . e—0.64’1_") (] ) The empirical equations are compared against laboratory experiment data

X2 ¢0-09B(1.71h1;—0.20B) and wave loads on prototype bridge cases. The laboratory experiment data
_ = - - also includes a comparison against the Level | GN equations and long-wave

—_ 21,—0.11 —0.09T —B : : : : . :
F,. = 2.75H*hy; (1—e 0.09 Y1—e7%) (2 approximation (LWA) (see Fig. 9). The comparison of time series of storm load
Region 111 : . . . : . calculated by OpenFOAM (a computation fluid dynamics program), Level |
Lhe. d|rrJ1re|n1§|ono| form .of ’rh.e implrécol edqu4o’r|ons forT’r.heluphf’r force and positive GN equations and the empirical equations for the Maipalaoa bridge on
orizontartorce or_e givenin Egs. (3) and (4), respectively. Oahu in Hawaii is shown in Fig. 10. The results show good agreement
Scafloor — szpghlz Lp (3) between the empirical equations and laboratory data while Equation (1)

X Xy slightly overestimates the horizontal force on the Maipalaoa bridge.
Fig 1. Schematic of wave and submerged deck (4) 0.8 x x x x x x x y y
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Downward Force | Using the results of the parametric study, Egs. (1) and (2) are compared against
the results from the level | GN equations for a set of wave conditions and deck

characteristics in Figs. 5 and 6. Overall, the forces obtained from the empirical

equations are in good agreement with the parametric study results. There is

10 better agreement at larger wave periods and larger submergence depths.
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Fig 2. Force on submerged deck time series (Hayatdavoodi et al, 2015) 0.1 500
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Nomenclature H: Wave Height 0 —on
F.: The vertical force on submerged deck h,: Submergence Depth >
F.o: The horizontal force on submerged deck h;: Water Depth

M,;: The overturning moment, with respect to center of deck T: Wave Period

p: Density of water B: Deck Width

g: Gravitational accleration L,: Deck Length

Over bars indicate dimensionless parameter t,: Deck Thickness

Fig 9. Comparisons with laboratory experiment data, Level | GN equations and LWA
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A parametric study is conducted in order to determine how the forces on Fig 5. Empirical equations and parametric study results on submerged deck vs
the submerged deck change with respect to the wave height, submergence depth
submergence depth, wave period, and deck width. For the parametric o & a0 | | | ]
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study, the variables are non-dimensionalized with respect to the water JL W w=or e

Emapirical Eq, by = 0.3
= = = Empirical Eq, l:z[,_— =0.5

depth, water density and g, gravity. Variation of wave-induced loads with - Fropirion Eq. oy — 07 Fig 10. Comparisons for an existing bridge
wave height (H) and plate width (B), are shown in Figs. 3 and 4,
respectively.
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) « A parametric study for storm waves is conducted by varying wave

w04 conditions and deck geometry.

A design-type equation to estimate the loads on a submerged deck is
determined. The results of the empirical equations are in good agreement
with the Level | GN equations, laboratory experiment data and bridge
prototype cases.

The design-type equations can be used by engineers when designing new
| | | | bridges or jetties.
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Fig 6. Empirical equations and parametric study results on submerged deck vs deck width

Horizontal Negative Force 0

|Positive Overturning Moment| I Negative Overturning Moment
T T T Ad Il Il Il Il Il T T T

0.35 0.4 0.45 05 0 0.05 0.1 . . . . 0.35 04 0.45

Fig 3. Loads on submerged deck vs wave height

A comparison of the wave loads calculated by using the empirical equations
with all data of the parametric study results of the GN equations is shown in Figs.
/ and 8. Ideally, the plot points should follow the 1:1 ratio line displayed. The F,,
empirical equation has a mean absolute percentage error of 6.15% and the F,;
has a mean absolute percentage error of 5.14%.
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