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Numerical simulation of wave attenuation characteristics of oyster shell bags
based on OpenFOAM
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Abstract: To quantitatively evaluate the wave attenuation performance of oyster shell bags and further investigate the influence of reef
roughness parameters on wave energy dissipation, a numerical model of oyster shell bags was established based on OpenFOAM. By
changing parameters including relative reef height, relative reef crest width, incident wave steepness, and roughness, the wave
attenuation characteristics of oyster reefs under regular waves were analyzed. The results show that the transmission coefficient
decreases with the increase in each parameter, among which the relative reef height has the most significant influence. When the
relative reef height is 1. 0, the influence of roughness on wave attenuation is mainly reflected in the low-value range; when the
roughness increases from 0 to 2.5, the transmission coefficient decreases by 23. 6%, but as the roughness continues to increase, the
transmission coefficient remains almost unchanged. Based on the analytical results, a prediction formula for the transmission coefficient
was fitted using regression analysis, which provides a basis for evaluating the wave attenuation capacity of oyster shell bags.
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Fig.1 Numerical model
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Fig.4 Comparison between numerical and experimental results

3 MR IR0 EF 2%

3.1 HXHEESE

&) 5 Ay B I TR, A R REE AR 25 8 h/d = 1. 25 I I TR LR REEAAR B0 5 4 A e, R AR /D
FEARBACHE B, BRI R o P S BORHR /3 R FE R 2 b /d =1 B REAR 2 BE K TR F , BIRTEREAA |
TR ZE SRR EL R B Y ho/d=0.75 I, EESFEBIE W IR Fe b 5 £ 5 Hﬁfﬁﬁkﬁ%i%ﬁ*ﬁ
o B AR e B R/ NI TR 1N s 24 b /d = 0.5 I TR 2R ask W ik sl T A T AR Ak | AT IR TR A5 45 A R )

(a)hdd=1.25 (b)hid=1 (¢ )hdd=0.75 (d)hdd=0.5
B 5 REEXHEES E T 5 LR R S

Fig.5 Wave field near oyster reefs at different relative reef heights
B REL K, BERERARXS SR b/ d ARk anE 6 frs, S E LK Bl h/d B RAEL M) H
INEHBEEEGE . AE h/d<] WAL  BERAL T BOIRES K, B b/ d ZBAL R BRAL 2 b /d=0. 5 I T
RBET A ACIRAS TR AR 2, L) B/H, = 16,24 Bifh BB, 2% h/d=0. 5 W, BFR 58 K, B530
1.0, IR LP A K A 380 2 b /d =1 WK, 5350120 0.329.,0. 229 , I TR A9 BEISCRAR XL




178 ERCPNE N B 54

3.2 HANHEREE

K7 Rl bt BRAECK, BEARXTIE TGS B2 B/ H, WS fba%, BRI, B/H, 5 K AFTEI R A AR SCC R,
X FESERAEE B/H, ¥R, IR 8 i T A BE 2 28 4 S SO VR AR BT 2, T4 i I IRBOR . H
HERIIE,B/H, 3T K, R TE— g BB AR R S B h/d, 25 h/d=0.5 B, K, ¥I440F 1.0 &
1 ,B/H, ALY K, TP A W, 24 h/d=1.25 0, B/H, BT K, BSEma Rl REAR I . X 2R R . 24
h/d= 0.5 I FEARSE PR TR E IR ILT AL A 3200, B/H, WG R IEAS 23 W38 8 ik BE AR I >4
h/d=1.25 i, GG TRARER /KT, VR LSS BB Ry 32, e 58 B AR AU RHFIR STBRA BR . LA b /d =0. 75,
1.25 M, 2% B/H, =8 I} K, =0.781,0. 154,24 B/H, =40 I} K, =0. 348 ,0. 007 , F&0E 43 )M 55. 4% 95. 5%,

LOx — BIH=8 1.0
- B/H=16 = h/d =1.25
08r Y —— B/H;=24 0.8 hsld =1
_06r — BiH- 061 e hd=0.5
I B/IH;=40 \ g,
0.4} 041
0.2 \ 02|
0 L L L L M ——" ] 0 T . " n
05 06 07 08 09 10 1.1 12 13 8 16 24 32 40
hsld B/H;
B 6 HEXHEESEIEH RN B 7 HEXTHENEEXESN R0
Fig. 6 Effect of relative reef height on Fig.7 Effect of relative reef crest width on
transmission coefficient transmission coefficient

3.3 \GTiERE

NG BE R R B A B N K & 8 wIH, B R K, A S BE H /L R K %
W SR E AR T Hy/ LR IR 5 R A T, i 5 R B R R AR, E 4 B A [R)RE X Al 1k
EEEAET ,2Y H/L=0.02 B, K, =1.000,0. 726,0. 638,0. 191; >4 H./L=0. 05 i}, K, =0. 674,0.299,0. 104,
0. 005, /3 HIEAE T 32. 6% .58. 8% .83.7% 97. 4%,
3.4 FARE

19 Shifs i ZRA K, BRURE B2 K, PRI O, VAT & L K, Bl K, 35 /0N, D/ S5 sl 55 .
S 9 1T P YT BB B AR R AR B K, TREECN IR B K, i — 2P K, T R R B s 2% | i
SO TRaE, WA, K WT K, AR fE— e R L HOR T AT R R B h/d, S h/d=1 B K, A58 3%
B IVEE B S HALAE AL, 2 b/ d =0. 5 I JECTREEHERON 455 , K, AL XT K, A R T h/d=1.25 I, T
IR T R 7K TR A o SRR, K PVERAIAEA A . 5 b /d=0.5,1.25 B K X K, 5200 IF A
= X RS LN AR L2 AT,

= hld=1.25 hid =1 1.0
v hJd=0.75 —e— hd=0.5 o hld=125
Ny 0.8F hld =1
Bl SN — hdd=0.75
S _06f o hild=0.5
§< e v - v —
By _ 0.4
.
B
02 02k
0 S —————a — — — y
0.02 0.03 0.04 0.05 0 2 4 6 8 10
HIL K,
8 NETEBEXES REAIZ I 9 MREXEH R

Fig.8 Effect of incident wave steepness on transmission coefficient Fig.9 Effect of roughness on transmission coefficient
M B/H.=16 .h/d=0.75,1 Bf ,K_ =0 i} K, =0.559,0.339,K =2.5 i} K, =0.506,0. 259, 5 H A T
9.5%H123.6%, HMLFTIL, 5 h/d —5E (10 0. 75~ 1) Wf RURE A% 1f7 A4 405 AR V0 S A EE S T TR 02 T tl 2 1 i
U BEFERL, IHIRACR AL 5 9% ~24% , FidE K, WiE—2P3 K, Y K =10 B, K, =0. 481,0. 223, {53 Bl B#AIK
T 0.025.0. 036, 4kEE3a AR KX T K, B E 2485/,



5554 AU, % FET OpenFOAM 1 R 4R 15 T4 VIR A PR (LA 42 179

3.5 MEREIHHEERME AN
2% Allen 57 (W5, MASIRA MR TR A XA TE N -

h, B |H,
K, =a, j +blexp(0. IH.) +c, T +d,exp(d,K,) +e, (5)

X ia, b, ¢, d, dy.e, NFFESEL RBAEHATH, Y h/d>1 BB RECZ 4 KR WSE
INAZERBAIUEG . BA R, 2 SHOEBGE F 5350k AR REAR =5 BEE 0. 50~ 1. 00, AH X 15 55 B H
8 ~40, ASHIBERR 0. 02 ~0. 05, FEACKLES FEEL 0~ 10,

ML A S80S %0 K 95% B A5 X A 3% 4 s, A4 RS HREARSE R EIE R =
0.909, /T 0. 05, FEIA ST 4 A28 5 2550 0033 S R 40, HAE 90% L A8 B p e ids B R BRI

R 4 PSS HERARK(S5) A1 PSR A W5 £4 WNEBHSEZERSLERRE
ﬁﬁ%ﬁ%ﬁ?ﬂ% N itﬁn—l: Table 4 Reference values and 95% confidence intervals

of fitting parameters

h, B
K, =-0.931 — - 0. OOSeXp(O. 1 ) -
d H; WASK M BEKETFER  EEKE ER

H. a, -0.931 -0.980 -0. 882
4. 567 /f' + 0. 094exp( — 0. 160K,) + 2.055(6) b, 0. 005 -0.006 -0. 004
o o ¢ -4.567 -5.013 -4.022
10 SRy 480 2 =X o 0 (B R 25 {5 400 3K 6 DA S d, 0. 094 0. 005 0.183
Allen 25127 JF R 114 49 B AL IR 6 25 SR 00 4 e, /T LR d, ~0. 160 -0.056 -0.264
A 2SN AR SR () 45 BEAF = e B
1.0r i
> v PR y 8
4 % sl o B vl
vl
a. 7 SF AR BB GH REE (A v 2 Y 39 DR T I ¥ ié*—g 0sr 'i'
SRR N 0. 5 B, B PHEE 4IRS ; 76 16 Ros B
BORAST , B G, TR i B AN 2 8 5 N 0.2F '.’
BERRIR A, L SZRH N B A 25 B2 AR S e 5 5 SRR T i -
SRR, e TRAE FLHT S8 S, il 22 ©02 O O 1
L AT PR L BRI R AL, o B0 RRESHAAXTAEL S
b. 175 55t A AR BT AR T 152 POy 48 A T 32 i/ ’ Fig. 10 Comparison between experimental values and
L 532 i B A R4 I T 328 T U 55 H MFE G R S B R predicted values of fitting formula

0.5 I, 175 5 28 BOLF- AN BEAH X ik T 98 32 & AR A2 4k
I AR A U BERYIE KIREE T B, IR DA T AT BE R e o T IR S

c. FHAGRAERELE 3 6T 175 S 28 0140 5 e 2 AR T AR A g B2 AR AR R iR B2 1 I R R W A
FR BB A R RS 2 P 15 KT I 0/ , 2 AR X REE A BE O 1 I HLRE 2 iy 0 B R 2. 5 I i AR B AR
23. 6% , R MRS BE i — D3GR, B RBULT AR EBUE,

d. LR 25 IEAXTHER R AHXTRETSEE A ST BE RS B2 5 N 3R i 22 e ARZE [l I3 70 i, 57 T
AR A Wil 25 4 2R B UL A5 2 QT B A (R DL 2 R e gy RS 15 45 SR A DG R i A 5
A A AR WG R TR RE I PPAG S AR

SE

[ 1] Shi Jian,Feng Xiangbo, Toumi R, et al. Global increase in tropical cyclone ocean surface waves[ J]. Nature Communications,
2024,15(1) . 174.

[ 2] ZEZEp, 2% 26 280, 45 G AR R TP i AR AR BT SEHERE [ )] ATV R 227 4l ( FHARBE ) ,2015,43(5) :442-449. (Zuo
Juncheng, Zuo Changsheng, Li juan,et al. Advances in research on sea level variations in China from 2006 to 2015[ J ]. Journal of
Hohai University ( Natural Sciencss) ,2015,43(5) :442-449. (in Chinese) )

[ 3] Bilkovic D M, Roggero M M. Effects of coastal development on nearshore estuarine nekton communities [ J]. Marine Ecology

Progress Series,2008,358( 1) ;27-39.



180 ERCPNE N B 54

[ 4] Xwedt, G, B, 5. AR AHEZ 9V B IR ROBIREESEL ] 2 1 ( A SRFLF ) ,2024,52(4) £ 70-
77. (Liu Xiaojian, Hou Peng, Chen Wenlong, et al. Wave dissipation characteristics and wave overtopping calculation of multi-
stage platforms of ecological seawall[ J]. Journal of Hohai University( Natural Sciencss) ,2024,52(4) ;70-77. (in Chinese) )

[ 5] Mitsch W J. What is ecological engineering? [ J]. Ecological Engineering,2012,45(1) ;5-12.

[ 6 ] van Slobbe E,de Vriend H J, Aarninkhof S, et al. Building with nature :in search of resilient storm surge protection strategies[ J].
Natural Hazards,2013,65(1) :947-966.

[ 7 ] Temmerman S,Meire P,Bouma T J,et al. Ecosystem-based coastal defence in the face of global change[ J]. Nature,2013,504
(7478) .79-83.

[ 8 ] Faivre N, Fritz M, Freitas T, et al. Nature-based solutions in the EU; innovating with nature to address social, economic and
environmental challenges[ J]. Environ Research,2017,159(1) :509-518.

[ 9 ] Fastenrath S, Bush J, Coenen L. Scaling-up nature-based solutions; lessons from the living Melbourne strategy [ J]. Geoforum,
2020,116(1) :63-72.

[10] Zheng Jinhai ,Xu Wei,Tao Aifeng ,et al. Synergy between coastal ecology and disaster mitigation in China: policies , practices,
and prospects[ J]. Ocean and Coastal Management,2023,245( 1) ; 106366.

[11] Xu Wei,Tao Aifeng, Wang Risheng, et al. Review of wave attenuation by artificial oyster reefs based on experimental analysis
[J]. Ocean Engineering,2024,298(1) ;117309.

[12] Xu Wei,Tao Aifeng,Zheng Jinhai. Protect oyster reefs in China’ s coastal zone[ J . Science ,2023,380(6641) :142.

[13] Tolley S G, Volety A K. The role of oysters in habitat use of oyster reefs by resident fishes and decapod crustaceans[ J]. Journal of
Shellfish Research,2005,24(4) :1007-1012.

[14] Coen L D,Brumbaugh R D,Bushek D,et al. Ecosystem services related to oyster restoration[ J]. Marine Ecology Progress Series,
2007,341(1) :303-307.

[15] Grabowski J H,Peterson C H. Restoring oyster reefs to recover ecosystem services[ J]. Ecosystem Engineers; Plants to Protists,
2007,4(1) :281-298.

[16] Mann R, Harding J M, Southworth M J. Reconstructing pre-colonial oyster demographics in the Chesapeake Bay, USA[J].
Estuarine , Coastal and Shelf Science,2009,85(2) :217-222.

[ 17] Rodriguez A B,Fodrie F J,Ridge J T,et al. Oyster reefs can outpace sea-level rise| J]. Nature Climate Change,2014,4(6) ;:493-
497.

[ 18] Hong Xin,Ji Yinglu, Yan Jie,et al. Study on the wave-dissipation effect of oyster reefs based on the SWAN numerical model[ J].
Water,2023,15(16) :2884.

[19] Yang Yunhan,Sui Titi, Wang Guangsheng, et al. Investigations on the shallow water wave attenuation over continuous porous
oyster reef-like structure[ J |. Ocean Engineering,2023,287.115307.

[20] Ak, et , b, 25 YU BT 5 22 20 3R Db ) BB RS S [ ] T R 24 ( F AR i) , 2026, 54(3) : 149-
160. (Cen Lin, Ni Xingye, Feng Xi, et al. Numerical simulation study on multi-factor synergistic disaster reduction on muddy
coasts[ J]. Journal of Hohai University ( Natural Sciences) ,2026,54(3) :149-160. (in Chinese) )

[21] Salatin R, Wang Hongqing, Chen Qin, et al. Assessing wave attenuation with rising sea levels for sustainable oyster reef-based
living shorelines[ J . Frontiers in Built Environment,2022,8;884849.

[22] Carter J,Fenical S,Harter C,et al. CFD modeling for the analysis of living shoreline structure performance| C]//Coastal Structures
and Solutions to Coastal Disasters Joint Conference 2015. Reston, VA : American Society of Civil Engineers,2015.442-450.

(23] W, JFRISR , JRIBE A T I RN A 0L 8 5 (TR AK R O AL [ ). AT SR 22 2 4 ( FARBR 2R, 2023,51(4) 2 33-
40. ( Zeng Cheng, Yin Yuran, Zhou Jie, et al. Optimization of a numerical wave tank based on simulations of 2" order regular
waves[ J |. Journal of Hohai University( Natural Sciencss) ,2023,51(4) :33-40. (in Chinese) )

[24] BW € W, BEAAT, % WIRB X IRE RS TR A 2 [ 1] Wi K223 ( B ARBLARR) ,2024,52(5) 1 76-84. (Mao
Hongfei,Han Long,He Yanli,et al. Influence of slope of submerged breakwater on wave propagation and deformation[ J ]. Journal
of Hohai University ( Natural Sciencss) ,2024,52(5) :76-84. (in Chinese) )

[25] Mansard E P D, Funke E R. The measurement of incident and reflected spectra using a least squares method[ C]//Proceedings
of the 17th International Conference on Coastal Engineering. New York:ASCE,1980:154-172.

[26] Seabrook S R, Hall K R. Wave transmission at submerged rubble mound breakwaters [ C ]//Proceedings of the International
Conference on Coastal Engineering, Reston, VA :ASCE,1999.2000-2013.

[27] Allen R J,Webb B M. Determination of wave transmission coefficients for oyster shell bag breakwaters[ J]. Coastal Engineering
Practice (2011), 2011:684-697. (https://doi. org/10. 1061/41190(422)57)

(W ki F 3812025 -09- 15 4l . BE/KO)



