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1. Definition of Wave Run-up & Setup

Definitions:

« Wave Run-up: maximum vertical

extent of wave uprush on a beach ==

or structure above the still-water eSS s

level (SWL)

 Wave Setup: rise of mean water it of prush
level above the SWL caused by
wave breaking on a beach or s L
structure ——— — s
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] 2. Wave Run-up Formulas

Fesmarch & Oevplopmens!
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« Computationally efficient — users can
specify structures and areas for
wave run-up calculations

» Essential for calculation of coast
erosion, barrier island breaching,
wave overtopping, and coastal
flooding during storms

« CMS-Wave calculates wave run-up
and setup to determine the maximum
water level (surge + tide + wave run-
up + wave setup)

e Can be coupled with CMS-Flow
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4. Ahrens and Titus Run-up
Experiments (1981)

e 275 Laboratory experiments (in 1.2 m x 4.6 m wave tank)

e [rregular wave run-up on plane, smooth slopes

* 6 different slopes: 1:1 (steep), 2:3, 1:2, 2:5, 1:3, and
1:4 (moderate)

e 8 different water levels: 0.45, 0.5, 0.55, 0.6, 0.65, 0.7,
0.75, 0.8 m

* A wide range of incident spectra (varying spectral width)
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Input Wave Parameters & Run-up

Measurements

* Incident wave parameters: Hs, Tp, Qp (wave group parameter)

2 f ST
(| sty

Qp (Goda, 1970)

« Wave run-up data: R2 (total run-up by 2% exceedance) and
RM (average elevation of total run-ups)
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Hsmparch & Oermlopmen
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Relationship between Qp & JONSWAP 7 4

Qp*:(y;3)+3 or y=2 (Qp*-3)+3 (y=1)

I
JONSWAP spectrum (Hasselmann etal., 1973) JONSWAP 5(f)
s
S(f) = 2% 4.15(&) ¢
/) fzwr‘fﬁ“"[ [/ ] _ W

TF Smlf)

2
with qzrxp(-%) and a={gg; ;f_}{:

Spectral density, S(f) (ms}

Senlf)

-
-

b Frequency, f (Hz)
Pierson-Moskowitz and |ONSWAP frequency spectra
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Relationship between Qp & JONSWAP Y
Examples 1 & 2 .o

JONSWAP | JONSWAP
| Hs=255m Hs =176 m |
B Tp=8sec Tp = 6 sec
&25 7/ = 1 1= | 7/ — 33
| Qp=202 = | Qp =3.17
15- Qp*: 2 7 1k Qp*: 315

Prototype scale
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JONSWAP
Hs =0.04 m
Tp=1sec
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Relationship between Qp & JONSWAP 7 &
Examples 3 & 4 G-

JONSWAP
Hs =0.05m
Tp=1sec
Yy =3.3
Qp =3.18

Qp*= 3.15

|
0.5

Laboratory scale
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CMS-Wave R2
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5. Mase and Iwagaki Experiments
(1984)

« 120 Laboratory experiments (in 0.5 m x 27 m wave tank)
e [rregular wave run-up on plane, smooth slopes
« 4 different slopes: 1:5 (moderate), 1:10, 1:20, and 1:30 (mild)

« 2 water levels (flat bottom section): 0.45 m for 1/5, 1/10
and 1/20 slope; 0.43 m for 1/30 slope

e Incident spectra (varying wave energy):
Pierson-Moskowitz type
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6. Example CMS-Wave Run-up &
Overtopping

Fesmarch & Oevplopmens!

Overtopping
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Coastal Inlets Research Program No. 15 of 28 Slides




/. Example ldealized Single-Breakwater
CMS Grid
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el Calc. Wave Fields after 10-day Simulation
Incident Wave: 1-m, 8-sec, 0-deg V-
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Calc. Morphology: 30-day Animation

with Wave Diffraction & Overtopping

Coastal Inlets Research Program
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CMS
Steering Interval
=4 hr

Grain Size
=0.18 mm

Hydro time step
=0.25 sec

Transport and
morphology
calc time step
=9 sec



8. Goda Wave Transmission
Experiments (2000)
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K 9. Hughes Wave-Overtopping Levee
Experiments (2008)

Fesmarch & Oevplopmens!

IS EL 61.0cm

Flood Side Protected Side

EL 488cm ., oo 8250 | g% EL 50.0 cm
EL 427 cm | on g4y
1V on 24H 1V on 24H

: I—- ————— 868 cm4a1

Fig. 1. Tested levee cross section (model-scale units).

Wave gauge Wave gauge array
Surge lavel
A .
IEE to 67 cm 120 1:100 Ea i Reservoir
i 11.0m Pump  3.54m 17.9m T 244m | 10.67 m
4555 m Recirculation line

Fig. 2. Profile view of wave flume (model-scale units).

Experiment number Prototype-scale Average overtopping discharge Experiment number Prototype-scale Average overtopping discharge Experiment number Prototype-scale Average overtopping discharge

Hmo Tp qs Qws_ave Hmo To qs Qws_ave Hmo Tp Qs Guws_ave

m)  (s) (m%isim) m)  (s) (m®isim) m)  (s) (m¥sim)
Surge level = + 0.29 m above leves crown Surge level = + 0.81 m above leves crown Surge level = + 1.3 m above levee crown
R128 0.8z 8.07 0.266 0.378 R110 077 559 1.155 1.181 R1189 084 8.07 2453 2576
R12% 1.67 5.84 0.208 0.452 R111 1.46 5.84 1.213 1.088 R120 147 6.07 2523 2857
R130 254 594 0287 0520 R112 2.40 584 1.180 1.061 R121 230 5.07 2.546 2670
R104 1.00 10.51 0.258 0257 R113 0.se 10.12 1.128 1.094 R122 0.86 10,12 2829 2821
R108 1.89 10.51 0.241 0.452 R132 1.91 1012 1.601 1.620 R123 179 1012 2529 2.770
R131 283 10.51 0.240 0728 R115 266 10.51 1.248 1.432 R124 274 1012 2587 2758
R107 078 13.66 0.247 0.351 R116 0.7s 14.37 1.173 1.250 R125 0.74 14.37 247 2585
R108 1.68 13.66 0.258 0.551 R11T 163 1437 1.250 1.450 R128 1.50 14.37 2475 2734
R109 248 13.66 0.261 0.696 R118 242 1437 1.237 1.508 R127 23 14.37 2538 2.839

27 experiments:
Prototype-to-
model length
scale = 25:1

Design condition:

3 surge elevations
(0.29,0.81,1.3m
above levee crest)

3 sig. wave heights
(0.9,1.8,2.7m)

3 peak wave periods
(6, 10, 14 sec)
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CMS Grid (Prototype)

Depth (m) 3 m Levee top width
; o +
10
s 50m
—1 &
o 1000 m t
— 2
] i]
-2
=
Surge Ievels(4.87 m Backwater level
~ 438 m ng'W m|2m .
3.86 m 'y — T — T ?1 m
11.57 m
_..--“"f_

Model domain: 50 m x 1000 m (10 x 152 cells);
a constant 5-m spacing along y axis & variable 0.5 - 20-m spacing along x axis

Simulation duration =5 hrs, Wave input interval= 0.5 hr, Hydro time step = 0.05 sec
CMS-Wave bottom friction c; = 0.005
CMS-Flow Manning’s n = 0.05 for levee and n = 0.025 elsewhere
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Measured & Calculated Overtopping Rate

Case Surge Wave Wave peak Overtopping rate (m2?/sec)
number level (m) height (m) period (sec)
Measured CMS-Flow CMS-Wave

R128 0.29 0.27 0.28

0.29 0.82 6.1 0.38 0.38 0.39
R109 0.29 0.26 0.28

0.29 2.48 13.7 0.70 0.85 0.92
R121 1.3 2.55 2.57

1.3 2.30 6.1 2.67 2.93 2.76
R127 1.3 2.54 2.57

1.3 2.31 14.4 2.84 2.98 2.81

Coastal Inlets Research Program
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R113: Surge level = 0.81 m (3 ft)
Hs =0.88 m, Tp =10.1 sec

ERDC/CHL TR-08-10
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Calculated Wave Overtopping R127
Surge level =1.3 m, Hg =2.3 m, T =14 sec A

Animation by SMS

P
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t. | Louisiana State University
4 (Image by Earth Scan Laboratory,
| CSI)

Assocuated Wlth a cold front =
(2001) : -

S0
2 i

01/09 0114 0119 0124 01729 02/03 02/08 02/13
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0218 02/23 02/28

Coastal Studies Institute (CSI)

J.;-_ CSI 3 — fine silt cohesive sediment

CSI 5 — fine quartz sand

Refs:

Sheremet, A. and Stone, G.W. 2003. Wave
dissipation due to heterogeneous sediments on the
inner Louisiana shelf. Proceedings. Of Coastal
Sediments’03, Clearwater Beach, FL.

Sheremet, A, Meta, A.J., Liu, B. and Stone, G.W.
2005. Wave-Current interaction on a muddy inner
shelf during Hurricane Claudette. Estuarine,
Coastal and Shelf Science 63.




CMS-Wave Louisiana Coast Simulation

Depth, m (MSL)
— 1000
— 500
400
300
200
100 [
o

[

. |
Depih, m (MSL) NDBC 42041

Model domain: 180 m x 330 km
(500 x 1000 cells)

largest cell ~ 2.5 km x 2.5 km
smallest cell ~ 200 m x 200 m

_ 2
where
V.=V . —ﬁ*‘-"
t t.breaking |

Vr,breakfrig = 0.04 m?/sec
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CMS-Wave Grid
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