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Hydraulic Model Experiments and Performance Analysis of Existing Empirical
Formulas for Overtopping Discharge on Tetrapod Armored Rubble Mound

Structures with Low Relative Freeboard
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Abstract : In coastal structure design incorporating revetments, the assessment of wave overtopping discharge
relies on hydraulic model experiments. Numerous empirical formulas have been developed to predict overtopping
discharge based on quantitative data from these experiments. Typically, for revetment structures aimed at miti-
gating wave overtopping, crest height is determined by considering the maximum amplitude of the design wave,
resulting in a relatively high freeboard compared to wave heights. However, achieving complete prevention of all
wave overtopping would require the crown wall to have substantial crest heights, rendering it economically im-
practical. Therefore, the concept of limiting discharge has been introduced in the design of revetment structures,
aiming to restrict wave overtopping discharge to an acceptable level. Consequently, many coastal structures in
real-world settings feature relatively lower freeboard heights than incident wave heights. This study investigated
wave overtopping discharge on rubble-mound breakwaters with relatively low freeboard heights through hydrau-
lic model experiments. Furthermore, it conducted a comparative analysis of the predictive capabilities of existing
empirical formulas for estimating overtopping discharge using experimental data.

Keywords : rubble-mound structure, hydraulic model experiment, crest freeboard, overtopping dischagre, empiri-
cal formula
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Fig. 1. Relative crest height against dimensionless overtopping tests for rubble-mound structure.



o
=
2
Jo

Im, Hof 0] 1.8 mo] Al¢E 2h= 2249 i zabgo]
A FHG 2okrERe] #5 FoRNH 41 m o]A"
QA]oll= A B E](Servo motor)E 55 = 9| AE 329
Zup7)7} o] Qlom, ez el WAkl A
ol & S1% 23ATE AR o k. 2k Hige
29| #F LOENE 10 mPE 16 m TIP7HA] 1:208] HAF
RO o]FolA] 9lo] 16 m o) A= 237 |7F A
¥ xnere] Hlel 0.3 m ol 2 e gl
T 18~22 m 7ol 1:2209] BAPHS F7hR A8k o,
22 m 0]% FIREE 2377} AR)E 912 9] Szttt
Blal 0.5 m 32 A s skl

A e vt SRR 7P 4 elet
Al ALH o = AP AAAIE tld e s siglen, 2=

b e B S5 AR At det el g 2

171E AR S 14 107

o] AW HESREE 32 tond 0% I8 S st
ek FAA A T e UL Fig. 30 Helrh
st g5 AR A= Lee and Kim(2023)0] &-8-3F 7
AR E s BUSP oo RE B A
o] 019} 4 T2 o st ARSH R, = 4,
Zolt. Fig. 361 APZgAA] thato] Froude “gAkel 7] %5k
1/50 F3 = A8sto] AAdnds Azfsigion, Rd %
T U R Yol Zukeko 2 RE] 37 m o] ZH Al A
A3tk BTz E] MU TR E 4 m o] A% Az g
Zopgh Weko w Ao 4o S8 FaAE A8t
Mansard amd Funke(1980)°]l 2J5l| A9+ Q- wEA}F B85 &
3 shash 77 Ang Ak 29 vl 4x4
AQehd T2 9 A S4E 99 S 2(chue) 2 Ao
Aeke) AR1E Fig 4ol A ek

O

EN

22 MBZZ o Ak Sty
A1) 9= Bretschneider-Mitsuyasu ~# E S o] £35}o] &

t

shaft | linear rail screen

servo motor

100

wave absorber(mesh)

mounting rail wave absorber module

r mortar floor

180

— piston wave maker
|

L

1000

wave absorber PVC pipe (26) reservoir tank

reservoir ta‘nk

Fig. 2. Plan and side views of wave flume (unit: mm).

Cap concrete

R.
3!
o
T (bq}
1.5 o
h 40 1Zo9°
{\? Core
y Cover stone

.

nl%A —
~ ALLW(£)0000 _ M

k
(0.015~0.03x'3)

WE{AMY

DL.(=)9.701VAR.) ~ (4100mmolsf)

61.95

CHUTE

Fig. 4. Installation of the model structure and overtopping tank in the flume.



108 e 2

Table 1. Experimental conditions for irregular waves and geomerirc parameters of model structure

Water depth  Significant wave period =~ Mean wave period Significant wave height ~ Freeboard height ~ Armor layer thickness
h (cm) 1; (sec) T, (sec) H,o R (cm) Ay (cm)
35 1.6~2.4 1.39~1.84 10.14~12.17 7.6
36 1.6~2.4 1.42~1.86 10.18~12.60 6.6 18.94
37 1.6~2.4 1.43~1.88 10.53~12.13 5.6
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Table 2. Existing empirical formulas for estimating overtopping discharge on rubble-mound structures

Dimensionless Dimensionless overtopping
Type discharge, O variable, R Authors
1
q &(Lm)z Owen (1982)
gH, T, H\2m
q Re
gH,T, y 3 Ahrens and Heimbaugh (1986)
v (#L,)
q Sp R Sp
«]—3 tana H tana Van der Meer and Janssen (1995)
gH S
R. TAW (2002)
Izl llen et al. (2007) : EurOtop 200
Owen-type H, Pullen et al. (2007) : EurOtop 2007
& " Van der Meer and Bruce (2014)
q H, Van der Meer et al. (2018) : EurOtop 2018
m R\
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s
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2 L
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Fig. 5. Comparisons of overtopping discharges between experimental results and EurOtop manual.
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Fig. 6. Comparison of overtopping discharge results using dimensionless variables of existing empirical formulae.
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Table 3. Coefficients in existing empirical formulas based on experimental results

Coefficients in equations (2) and (3) Coefficient of

Type Authors a b determination, R’
Owen (1982) 49 x 107 53.49 0.799
Abhrens and Heimbaugh (1986) 23 %107 4.84 0.535
van der Meer and Janssen (1995) 7.1 x 107 16.49 0.572
Owen-tvpe TAW (2002) 7.89 x 107 3.65 0.595
P EurOtop (2018) 485 %107 3.29 0.592
Gallach-Sanchez et al. (2021) 6.51 x 107 3.50 0.594
Koosheh et al. (2022) 777 x 107 15.52 0.908
Lee and Kim (2023) 1.40 x 107 57.56 0.814
Bradbury et al. (1988) 511x10° -1.15 0.835
B .

radbury-type Pedersen and Burcharth (1992) 282 %107 243 0.828
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Fig. 7. Comparison of overtopping discharge results using dimensionless variables of existing empirical formulae.
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Table 4. Summary of error analysis and predictive performance of wave overtopping discharge formulae

Error analysis

Predictive performance

Type Authors = = = =
E,, (x107)  E, (x107)  E,(x107) SL(x107) NSE
Owen (1982) 0.150 —1419 2.155 2.253 0.564
Ahrens and Heimbaugh (1986) 0.108 9.818 2.481 2.184 0.625
van der Meer and Janssen (1995) 0.367 3.909 2.380 2.567 0.482
Owen-tvoe TAW (2002) 2.140 —2.468 2442 2.103 0.647
P EurOtop (2018) 2.140 1.052 2.450 2.103 0.647
Gallach-Sanchez et al. (2021) 2.140 -2.216 2.445 2.104 0.647
Koosheh et al. (2022) 1.236 —0.545 1.175 1.215 0.882
Lee and Kim (2023) 0.104 —18.720 1.531 1.892 0.710
Bradb . Bradbury et al. (1988) 0.107 0.799 1.461 1.606 0.779
ury-typ Pedersen and Burcharth (1992) 0.022 0.875 1.569 1.903 0.771
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Fig. 8. Comparisons of overtopping discharges between experimental results and a new Owen-type formula.
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