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Fig. 4 Influences of the reef crest on cross-reef variations of wave height and setup under different still water depths

over the reef flat

20 1.0
15 —-— %E 0.8
E —h— 15K 06 E
2 10 04 >
B s B
Bl 02
Z 00 0.0
B ==9 Eung
g ~0.5 02 E
4 041
15 s
2.0

: -1.0
4 6 8 10 12 14 16 18 20 22
SRR K TR em

5 RRIEEIF IR B AR A AT A S A K va
Fig.5 Changes of the wave height and setup at the reef end
induced by the presence of the reef crest under different still

water depth conditions

222 WEPFE R HE KBS I 0 AR ik

Pl 6 J7R T 23K B B 45 AL | 76 il P K R
h,=0.10 m G U] 7 =1.50 s (251 T, 5 1l 7 A4
Y 90 e e A A i (=700 m) 39 25 48 7K Bl A S5 3
P R R i R R 7 RS T 4K C R R &
SR TR T AR g U2 e R 388 K B A S A 14 i
R o BSEE A ASHE R E L T H2T, . # 6.
Pl 7 2530 55 ok = A R0 e R B 2 R —

223 MOKTCEN DB
Il 7 A O S W T R R ok
5 JEE 77, 57 P 1 VS VL VR B, P L 5T B X
WOk @ 7/ T eH, 5 T A 6 B
(h, +7,)/H, S5 22, Horp |, T 40 310 BN 3
W5 LY L g SRy T R
] 8 JEE R T A TIF S0 5 M 1 1 A A L1 i
A5 20 437 245 R (IR e 58 BB 0 A 8 10
LR RE ) o Horh ARG K 5 RV e AR
VR R PSR T TG A H RS I R T
DA Yok 384 7K 15 03 g 77,/ T, g H, 8 58 KX 5
BEH (h, + 0, )/Hoo A RE W B9 A B2, R B0 3%
B 5 M I B HL,, 5 R I 3 Y R T
NS s RO E R A, RO H =1.414H R H,
) 43 BT 25 SR 2 — e o PR 8 T 4 AR o
W VTR TE S 0.4~ 1.1 16, AFOH 14 7K 725 38 5 0 e A
WS IR A R X Sk A B B S 45
(LR S A X T R /N T 0.4 B A 4
AR B8 A BTN W T 7 A A TR A v
S T P 5 U 250 T T D TR R A e A

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



24 KL XFFHROHRAFR)

2023 %8 A

SPEK A R K (7,/ T, gH >1.2) B 1 H6
WK EEAR /N, HAR B T il & 09 B4k .

6.0 1.5
£ 55¢ 19
i 8
=X L 2
Z 5.0 0.9 ’..%NI
T E
E g5t 0.6 &
® =y
& 40H —.— | 03
—A— K
3.5k s : s 0.0
6 8 10 12 14
NS RO S /em
Bl 6 A& AL BT AR IE K 5% (x=7.00 m) % 3 A= 38 K KA St
WK B AL

Fig. 6 Variations of the significant wave height and setup at
the reef end (x¥=7.00 m)with respect to significant wave height

of the incident waves with the presence of a reef crest

6.0 1.5
£55) 12
i £
Hsot 09 %
& E
E4s 10.6 1€
K gy
oy &
&40 — | 103
—A— K
35 s : s 0.0
1.00 1.25 1.50 1.75 2.00
A0 R /s
B7 A E A B AR R 5% (1=7.00 m) 3k & Ao 3G K N4
KB B e AL

Fig.7 Variations of the significant wave height and setup at
the reef end (x=7.00 m)with respect to the peak period of

incident waves with the presence of a reef crest

0.008
m M
— WEEZL
0.006
i
Ry
0.004-
)
=
o
+=<
0.002 -
0000 1 1 1 1 1
0.0 02 04 06 08 10 12 14 16

AR TR
B8 HE AR ARG K 3 R AR M R L 8 A
Fig. 8 Variations of relative wave setup with relative

submergence of the reef-crest

3 i1

AT 5 2R AR T (B A 0L T ik, A kT
SR A AL 0 Y FE A L B O SR
X A DU 90 95 7L 14 W, B O T A () R
KT REETEE R0 34 A U Al AR A S MR R

5k SR S A R — B B R T
R P A S 98 1 [ IS 46 T 0 SR B L A S ik
— 2 R B AERE ST K Ay v A5 I SR i e UK
I8 52 i fie K, A Rl BF S P K BTR K IR T 114 52 T
BN 3T RE 5 R X0 R G BT R VR A e R Y
VEFIARSG o Ml P K TR AT, il e vy J3E A X T
BER B K R AL/, DT X e TRAL 48 1) 52 Wi L 55 /DN
TR BRI A DR AL /INI , TR A R e L R 2R, B T
R R 2k A HEE ST, RS K DRI, eI I s (T3 4R R T
R BF _L FR VR B9 Fi R G, IRORE 2 — AP A AR Y
FENH , TR AR PRI 7 Y R PR R R E L 5 0
ek )1 LIS AR, DAL T AR el A9 R e D o R BT OK
TR 9 v A5 K LI TR B T RO e 2 A K TR AR
X BCR AR I U AT BE C 2/ T RERE VR Y
R R R, TR A5 L A, 0 P i - 30 1 32 ik g T
PR AR PR ) R R 1) R A 3

AR IEAR T RE I &  (HAL R T T AT
B 25K o PRI, B O ) A A 2 7 R AT 3
TR AR 5 A0 O AR XU , i A5 o i — 2P B

4 i

A SC 3 A e R fE R B SWASH 5 1 3
380 AR B T B 30T 90 YR A4 2 TR AR B e X Al AR
S R I K A R, A LT 4598

1) SZREE TR (4 52 W), SRRk i S gl B 2
55N S NS AR v T AR, i T R T
TR TEREE /N T B X T

2) MEFEAT AL, REE PP A S bl o e A1 8 7K g 2
S0 5 AR L B L R SRR TRAT G TERE R OK
TR D9 Hp 25 KA IS il T ) 2 T A, S AR A M g
IKASE R R SR B4 5 I A5/

3) R SEEATAE I, il B A S 04 5 R K g B
NS o A0 R S A 484 DR T A R

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F20% % 44

et , & . B a3 AR R LN DK R R R 0 FAEAE AT R 25

[10]

(&% 3Tk ]

STORLAZZI C D, OGSTON A S, BOTHNER M H, et
al. Wave- and tidally-driven flow and sediment flux
across a fringing coral reef: southern Molokai, Hawaii
[J]. Continental Shelf Research, 2004, 24 (12) :
1397-1419. DO1:10.1016/j.csr.2004.02.010.

HOEKE R K, MCINNES K L, KRUGER J C, et al.
Widespread inundation of Pacific Islands triggered by
distant-source wind-waves [J]. Global and Planetary
Change, 2013, 108: 128-138. DOI: 10.1016/j.
gloplacha.2013.06.006.

GAO J L, ZHOU X J, ZANG J, et al. Influence of
offshore fringing reefs on infragravity period oscillations
within a harbor [J]. Ocean Engineering, 2018, 158:
286-298. DOI:10.1016/j.0ceaneng.2018.04.006.

W= . PR U oK B ) S R A SE 2R R (0], KR
R, 2019, 30(1) : 139-152. DOI: 10.14042/;.
cnki.32.1309.2019.01.014.

YAO Yu. A review of the coral reef hydrodynamics [J].
Advances in Water Science, 2019, 30(1): 139-152.
DOT:10.14042/j.cnki.32.1309.2019.01.014.

GOURLAY M R. Wave transformation on a coral reef
[J]. Coastal Engineering, 1994, 23 (1-2) : 17-42.
DOI: 10.1016/0378-3839(94)90013-2.

KAWASAKI K, KIKU M, SASADA Y. Numerical and
experimental deformation  and

study on wave

overtopping around vertical seawall in coral reef sea
area [C]// Proceedings of the Eighteenth (2008)
Offshore Polar

Canada: The International Society of

International and Engineering
Conference.
Offshore and Polar Engineers, 2008: 698-705.

LIU Y, LI S W, LIAO Z L, et al. Physical and
numerical modeling of random wave transformation and
overtopping on reef topography[J]. Ocean Engineering,
2021, 220: 108390. DOI: 10.1016/j.
oceaneng.2020.108390.

GOURLAY M R. Wave set-up on coral reefs. 1. Set-up
and wave-generated flow on an idealised two
dimensional horizontal reef [J]. Coastal Engineering,
1996, 27 (3/4) : 161-193. DOI: 10.1016/0378-3839
(96)00008-7.

TP, XN, BT BORTE S B Y E AR
[J]. RHR2E2E, 1999, 32(2): 204-207.

ZHANG Qinghe, LIU Haiqing, ZHAO Zidan. Wave
breaking on a submerged step [J]. Journal of Tianjin
University, 1999, 32(2): 204-207.

W R, SXIMR, L%, A 525 SR S itk e
L ROR B R IR T TE ()], KBRA TR, 2018, 290):
717-727. DO1:10.14042/j.cnki.32.1309.2018.05.012.

ZHU Yuliang, ZONG Liujun, ZHAO Hongjun, et al.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Experimental study of waves breaking over coral reef
topography of a composite slope[J]. Advances in Water
Science, 2018, 29 (5) : 717-727. DOI: 10.14042/;.
¢nki.32.1309.2018.05.012.

WET, B, AR, S AR T I A
WA 30 3z VR A% 1 A2 TR A0 K I [T ). KB A R
2017, 28 (4) 614-621. DOI: 10.14042/;.
¢nki.32.1309.2017.04.016.

YAO Yu, TANG Zhengjiang, DU Ruichao, et al.
Laboratory study of wave transformation and wave-
induced setup over reef islands under the effect of tidal
current[ J . Advances in Water Science, 2017, 28(4):
614-621. DOI:10.14042/j.cnki.32.1309.2017.04.016.
R, WL, M AL A R il b R 1 K
Te LA AR [T]. /KBS 3k, 2019, 30(4) : 581-
588. DOI:10.14042/j.¢nki.32.1309.2019.04.013.

LI Shaowu, HU Chuanyue, LIU Ye. Experimental
investigation on set-up of irregular waves over fringing
reef flat[ J]. Advances in Water Science, 2019, 30(4):
581-588. DOI:10.14042/j.¢nki.32.1309.2019.04.013.
Wy, AR, B, SRR R X SR Atk B 35
TR 3G K R ) S48 F ST [0 ). 9 VR E 4R, 2017, 36
(3) 340-347. DOI: 10.11840/. 1001-
6392.2017.03.013.

YAO Yu, DU JIANG Changbo,

Experimental study of the effect of reef-crest width on

issn.

Ruichao, et al.

wave-induced set-up over the reef flat [J]. Marine
Science Bulletin, 2017, 36 (3) : 340-347. DOI:
10.11840/j.issn.1001-6392.2017.03.013.

WG, RN, FREE, SRR SR X I TR AT R
B 3G 0K %2 WA B SE 8 AT T (D], Bl I TR A AR
2015, 34(6): 19-25. DOI: 10.11978/2015031.

YAO Yu, YUAN Wancheng, DU Ruichao, et al.
Experimental study of reef crest’s effects on wave
transformation and wave-induced setup over fringing
reefs[J]. Journal of Tropical Oceanography, 2015, 34
(6): 19-25. DOI1:10.11978/2015031.

ZIJLEMA M, STELLING G, SMIT P. SWASH: an
operational public domain code for simulating wave
fields and rapidly varied flows in coastal waters [J].
Coastal Engineering, 2011, 58(10) : 992-1012. DOI:
10.1016/j.coastaleng.2011.05.015.

S A MR IR A% 1 e B ST S R 5T
[D]. Kt KEK, 2019. DOI: 10.27356/d. cnki.
gtjdu.2019.000051.

LIU Ye. Study on wave transformation and overtopping
al vertical seawalls on coral-reef topography [D].
Tianjin: Tianjin University, 2019. DOIL: 10.27356/d.
cnki.gtjdu.2019.000051.

YAO Y, HUANG Z H, MONISMITH S G, et al. IDH

Boussinesq modeling of wave transformation over

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



26 kI RFEFER(AAHFR) 202348 f

fringing reefs [J]. Ocean Engineering, 2012, 47: 30- surf zone processes driven by plunging irregular waves
42.D0I1:10.1016/j.0ceaneng.2012.03.010. [J]. Ocean Modelling, 2022, 171: 101945. DOI:
[18] LOWE R J, ALTOMARE C, BUCKLEY M L, et al. 10.1016/j.0cemod.2022.101945.

Smoothed particle hydrodynamics simulations of reef

Numerical study on the effect of reef crest on the evolution of irregular waves

over coral reefs

LIU Ye, MU Yan, LI Shaowu
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: [Purposes| An investigation of the influences of reef crest on the wave height of irregular waves and
wave setup over the reef flat is reported in this pape. [Methods] A non-hydrostatic numerical wave model was
used to simulate a series of test cases under different still water depths over the reef flat, wave heights, and
wave periods, and to compare the difference of wave evolution process in the presence and absence of a reef
crest. [ Findings] Results showed that, the depth reduction under the presence of reef crest caused significant
enhancement to the wave breaking tensity at the reef edge while shortening the width of the surf zone ; the reef
crest caused a decrease in the wave height and an increase in the wave-induced setup at the reef end; the
effects of the presence of a reef crest to the wave height and wave-induced setup at the reef end first increase
and reaches a maximum with increasing reef flat water depth, before begin to decrease; with the presence of
reef crest, the wave height and setup at the end of the reef increased with incident wave height and spectral
period.[ Conclusions] The reef crest influences the wave height and setup at the end of the reef flat by altering
the wave-breaking process near the reef edge, and the degree of influence is closely related to the still water
depth (tide level) of the reef crest; the results of this paper can provide a reference for coral reef coastal
disaster prevention and mitigation.

Key words: coral reef; reef crest; wave breaking; wave-induced setup; disaster prevention and mitigation
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