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Wave Breaking in Crossing Seas
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“[In crossing seas] breaking becomes less crest-
amplitude limiting for sufficiently large crossing
angles and involves the formation of near-
vertical jets”

M. L. McAllister et al., 2019
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Motivation
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Breaking probability an intermediate step on the way to breaking
dissipation

How does strong directionality affect prevalence of breaking events?

Current models assume a consistent amount of directionality or/
and constant threshold values
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Qp=1— ‘ff S(f,0)e” df do

E

12— (mao + mg2) — \/(mzo — me2)? + 4m?,

¢ (mao +mo2) + v/ (mao — mp2)? + 4m3,




Assumptions
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Gaussian distributed free surface

Slope-limited wave breaking

Continuous and independent breaking events




Framework
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Using the full directional spectrum

S(f,0)

Calculate directionality

L[S e’ df da]




Framework: Maximum Slope
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Ia Calculate directionality

Qp=1-

[ S(f,0)e? df dﬁ‘

E

IIb Calculate the slope threshold (M24a)
max(ay) = 1.456¢~1127% _ (.6423¢3781%
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Framework: Slope Distribution
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Ila Calculate integrated parameters

S(f7 9) —> Ny, M0, M1

IIIb

Calculate the directional slope PDF

Moo, Ma2p, M11 —>p(04v79V)

IMIe Integrate for slope magnitude PDF

play) = /7T play,by) diy
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Framework: Slope Distribution
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¥

Integrate from slope threshold for
slope exceedance probability, \

Assuming breaking occurs as
a Poisson point process

pp=1—¢>"
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Slope Distribution

Crossing Performance OXFORD
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Slope Distribution

UNIVERSITY OF

Spreading Performance OXFORD

Spreading angle (deg)




Breaking Probability
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Assessment
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Banner et al. 2000
gy = 10, 6’X =0°

op = 10°, 0, =0°
o9 = 20°, 0, =0°
o9 =30°, 0, =0°
oy = 10°, 0, = 90°
oy = 10°, 0, = 180°




Assessment
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Full Directional Spectrum

m =0.45, R? =0.94

Constant Directional Dist. Assumed

m =0.47, R? =0.62

0.1 0.2 0.3 0.4
pp (Exp. from McAllister et al. 2024b)

1:1 0°
Best fit
Conf. Int.

0
0

0.1 0.2 0.3 0.4
pp (Exp. from McAllister et al. 2024b)

60°
° gy = 50
Oy = 10°




Assumptions Revisited
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Gaussian distributed free surface

Applicability to intermediate/shallow waters?
Effect of bound harmonics on slope distribution?

Slope-limited wave breaking

Could this framework be applied with a kinematic criterion?

Continuous and independent breaking events

How does wavetrain modulation affect this?




Conclusions and Future Work
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Framework based on experiments to determine slope threshold and
PDF of slopes to find exceedance proportion

Framework shows decrease in breaking probability for all types of
directionality

Framework able to consolidate measured and predicted breaking
probability of various directional distributions, 0.5 scaling

Higher-order slope PDF

Stronger crossing angle validation experiments
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Questions and Comments

jamesnicholassteer@gmail.com

James N. Steer, M. L. McAllister, J. Bidlot,
T. van den Bremer, and T. A. A. Adcock
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