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Validation of an Efficient Two-Layer Non-Hydrostatic Wave Model on a Sloping

Foreshore
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Abstract: In the physical modelling of coastal engineering problems, use is made of foreshores and transition
slopes to obtain the desired wave conditions - both spectral parameters and wave height distribution - at a given location.
Numerical models can be used to predict whether the target wave conditions are met for a given physical model layout
and wave forcing. The XBeach non-hydrostatic two-layer model is a computationally efficient numerical model that has
been validated for spectral wave parameters, but lacks validation of wave height distributions which are important when
processes such as wave forces or wave run-up are of interest. In this work, wave flume data with high spatial density
over a sloping foreshore is used to validate the ability of this numerical model to reproduce both spectral wave

parameters and wave height distributions. This data contains offshore wave conditions with 1.0%, 2.5%, and 5.0% wave
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steepness. Optimal settings have been derived for the wave breaking in the numerical model, resulting in recommended
values for maxbrsteep and reformsteep of 0.40 and 0.20 respectively. From the results of the validation it is concluded
that the numerical model is unsuccessful in reproducing the validation tests with 5.0% offshore wave steepness,
potentially due to the associated higher kpd numbers on the generating model boundary. Hence, using the numerical
model with values of kpd not smaller than 2 on the model boundary is not recommended. The XBeach non-hydrostatic
two-layer model performs much better for the 1.0% and 2.5% offshore wave steepness tests, where the spectral wave
parameters are represented well. The corresponding wave height distributions are represented reasonably well up to the
point that the relative water depth gets very shallow. For shallower water, the model is expected to underestimate the
higher waves. Additionally, the numerical model is shown to reproduce the wave height distribution better than a
commonly used empirical formulation.

Keywords: Numerical modelling; XBeach; Physical modelling; Wave height distribution; Validation
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Figure 1 Setup of the SloFor Physical Model
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Table 1 Wave Gauge Locations in the Physical Model Setup
1 Y IAETAG B b s A AL E

e ix BLEL [m]
WHMO1 9.73
WHMO02 10.50
WHMO3 10.92
WHMO04 23.58
WHMO5 24.46
WHMO06 25.09
WHMO07 25.58
WHMO08 27.58
WHMO09 29.58
WHM10 30.38
WHMI11 30.94
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Table 2 SloFor Test Programme with Measured Wave Spectral Parameters at the Offshore Wave Gauge Array
7% 2 SloFor 56 77 58 S /Kb AR 41 b Szl 1 v B IR S 4

BRI d[m] Hmo0,In,deep [m]  Tp,Indeep[s]  sO,p [%] -zl kpd [-] dstep/Hm0,In,deep
D101 0.900 0.15 3.07 1.0 JONSWAP 0.7 3.1
D102 0.900 0.15 1.95 2.5 JONSWAP 12 3.1
D103 0.900 0.15 1.38 5.0 JONSWAP 2.0 3.1
D111 0.900 0.15 3.04 1.0 PM 0.7 3.1
D112 0.900 0.15 1.95 2.5 PM 12 3.1
D113 0.900 0.15 1.39 4.9 PM 2.0 3.1
D201 0.900 0.10 2.52 1.0 JONSWAP 0.8 4.7
D202 0.900 0.10 1.59 2.5 JONSWAP 1.6 4.7
D203 0.900 0.10 1.12 4.9 JONSWAP 2.9 4.7
D211 0.900 0.10 2.52 1.0 PM 0.8 4.7
D212 0.900 0.10 1.59 2.5 PM 1.6 4.7
D213 0.900 0.10 1.14 4.6 PM 2.8 4.7
L201 0.745 0.10 2.52 1.0 JONSWAP 0.7 3.1
1202 0.745 0.10 1.59 2.5 JONSWAP 1.4 3.1
L203 0.745 0.10 1.12 4.9 JONSWAP 2.4 3.1
L211 0.745 0.10 2.52 1.0 PM 0.7 3.1
L212 0.745 0.10 1.59 2.5 PM 1.4 3.1
L213 0.745 0.10 1.14 4.7 PM 2.4 3.1
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FERT AR L ALY B R B P 2 0 A —— i <l B R 2 S —— DUMEE AL 1 kd BOR (A% kd =4, Kb k
WA d KR PAFELFRIRECRE . B SEIL R R R A S AN ) 4 2, R R ) R NRE . AR T
SEREM AR RS, X — R R R AR . AR SO AR A XBeach [¥) [ BOI-phase3 | A
(v1.24.5956) .

fE XBeach-NH+ BiAYrr, JJRBIATE LA 1R 80 L 1 Bl AU E SO AR B 1207 4t K T F L 3 2 PR A DAy U
EMHE— % (B maxbrsteep ZH0) o MR FSOLI, BOIRRITFAARERE, AR RS B B ORI 0 FARSE
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reformsteep NS HI%E
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Figure 2 Wave Height Exceedance Distribution for WHMOS in Test D103
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Figure 3 Wave Height Exceedance Distribution for WHM15 in Test D103
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Table 3 Mean Absolute Errors of the HmO0, H10%, H2% and Hmax for WHM04-WHM 18
% 3 WHM04—WHMI18 4t HmO. H10%-. H2% 5 Hmax [ FI4E5tiRz

H10% /] MAE Hmax K] MAE
maxbrsteep reformsteep HmO ] MAE [%] H2% ] MAE [%]
[%o] [%o]
0.35 0.20 2.5@3.1) 5.1(6.2) 9.2 (10.0) 14.8 (14.4)
0.35 0.25 2.5@3.1) 5.2(6.3) 9.3 (10.1) 14.9 (14.4)
0.40 0.20 2.7(3.3) 3.7 (4.8) 6.3 (7.3) 10.7 (10.8)
0.40 0.25 2.7(3.3) 3.7(4.9) 6.4 (7.5) 10.4 (10.5)
0.45 0.20 3.7 (4.0) 32(4.3) 4.6 (5.7) 7.5(7.8)
0.45 0.25 3.7(4.1) 3.4 (4.6) 4.2 (5.6) 8.0 (8.4)
0.50 0.20 5.0(5.2) 3.8(4.9) 3.6(5.3) 6.8 (7.6)
0.50 0.25 5.1(5.2) 3949 35(5.2) 6.8 (7.5)

Table 4 Relative Bias of the Hm0, H10%, H2% and Hmax for WHM04-WHM 18
% 4 WHM04—WHMI18 4t HmO. H10%. H2% 5 Hmax HIAH* 2

maxbrsteep reformsteep Hm0 HIRZE [%] H10% KFHMRZE [%] H2% KRZE [%] Hmax HRZE [%]

0.35 0.20 0.1(-1.4) 3.7(-53) 9.2(-10.0) -14.0 (-13.8)
0.35 0.25 0.2 (-1.5) 3.8(-5.4) 9.2 (-10.1) -14.0 (-13.9)
0.40 0.20 1.9 (0.5) -1.1(-2.9) -6.0 (-7.0) 9.4 (-9.6)
0.40 0.25 3.4(1.9) 0.6 (-1.5) 2.0(:3.7) 4.9 (-5.6)
0.45 0.20 49(3.2) 2.3(-0.2) 11 (-3.1) -1.4(-2.5)
0.45 0.25 1.8 (0.4) -1.3(-3.3) -6.1(-7.3) 9.1 (-9.6)
0.50 0.20 3.6 (2.0) 1.0 (-1.4) 3.2(-4.8) 4.5 (-5.6)
0.50 0.25 5.0(3.3) 2.7(0.1) -1.0 (-2.9) -1.6 (-2.8)
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Figure 4 Spatial Comparison of Wave Parameters between the Physical and Numerical Models for Test D102
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AT J5 BA— AN 5 3 B I S AR U T i el B SRABLIK U7 EERVFAE. XBeach-NH+ H1 [ FE AT AT

BAFLE R (4.2 A9 R, MHIKE (d/Hnomndep) 28N, BB IR RRIG (58 SIBE 2 PR, X
— A% gt e A T 3B TR P R (K VR B A B e SE O B, B BORMIRZE R IAE Haw, K2 Hiows
I Hmo BRZER/N . BIPIE AR BGR K B — AR ACAY, T Hawo HIRZENIEM R . EBHK LS
SR w43 AT T DA BB IRAE A B A= Al s 7ETHSE Huo I, 3X GEBZMHB) FME2 T s BRI AR AR
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RN
MTHE S ER ZE /N I OX — IR IR K P BE7E T XBeach-NH+ SHUL AR BIRBLHE 1 77 XAFAEA L,
MAEARRBGR IR, T RAET B2 IR, XL A R . JAh, Py 5HE R 2 (6]
EAFE— DN C AN IRRA 72 57 . W BRAR o DR g AR 387K 5 7K AR ST 72 A 98K, FEBUE AR R o I AR AE
WA SO ERIEINN 5, X — RN ERLAN 1 mm, TUHAS B A S0,

SF PSS R, PERASAY o RS IV B T LA B XBeach-NH+ JNUAERA o X 46 A% 33 FH 3 Bl 1 33
TREAE, T LAFE BB BOSEHI 2 P mT B P9 i M 75 28— [ B SHe e 5 v 1) B A HE U —— 5 2 Rk 3 ) Bk 3 %
1, DADPAS 78 i 5 17 B CIR 2 B0 45 ) (R IR B 20 D) e 75 08 B H AR TR 2% 1 o TERR IR 45 R, BT R ATIE Haow
5 Haw, BASMIIMIA, LK 42 FTFTRBAE (IR) HoKhHEml R~ R 108, 2 B bR BOR S 1A e A B
AT R BER K H (d/Hmomdeep < 2.0—2.6) Bf, Hiow 5 Haw #EAGHE 10% PAEIEARZFEN. dbsh, EAER
PEHTMETT RN G, IFEYI AT Az 56 B AR PR % AR TR H

VAR 17\

ARICHIE T XBeach JE# W2 AU AR A RO B RY St 5 A R ), B & — B (IR JRINZE
YR, 56RO S R I AR R R SRS B A . Nk G T AR TR R 2 O TR R A R B A
maxbrsteep ZAHEFEEL 0.40, reformsteep SHHEEI 0.20 CART BN TR, &5 3CHkF 025 —(EERMN LM
ZEARE N AR ZERAER FF I Hinos ) SSVEIE s 70 A v /N BN 28 3570 O N2 HT ) maxbrsteep B 0.45 5% 0.50
P REAF RIS LF 45 R

AR TAE R KL SR e (5.0%) (BB h RIIAE,  RIERT R IR S HURR . R4, X5 X
B IOIE I AR PR I B X RI kod B (2.0—2.9) o FEIX — R LR R 5 B0t — B 0% 2 6
WA EAEIZ AT F] T 2R s BE TOUM / 81 kpd > 2 B2 AF

SHFEBEN 1.0% 5 2.5% HIRE, ZEEBRANRMEE L, WEIRSHE S 7RI IR (BT
IKIRABAAR N Z 15 FSL AR 726 3 AT R A A B N B AR . MM KR (d/Hmonaesp) 23 BIKT 2.0 5 2.6 B,
Hiow 5 How HPEIARRZEZRT 10%: S H MK, T ZIAR SR Al X Leyk o A SCRT I TS 1:60 56
U &, 2L I Hiow 5 Haw WRZE/DT RASEI S )i A Battjes 5 Groenendijk 285045, A
B ARSI ST AR AT R T .
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