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Effect of Artificial Submerged Sandbar on
Hydrodynamics at Zhonghaitan Beach

KUANG Cuiping, MA Yue, DONG Boling, QI Jianwen
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: A wave-current coupling model was established
based on Delft3D software for Zhonghaitan Beach coastal
water and verified by tidal current and wave measurement
data. Thus the hydrodynamic changes due to artificial
sandbars were modeled and investigated by the verified
model. The main conclusions can be drawn as follows. tidal
current field only shows changes around the bars since the
tidal effect is originally weak in the research area; four
sandbars dissipate wave energy and dissipation function
increases with incident waves; on the whole, the artificial
sandbars reduce the effect of hydrodynamics and contribute to
beach maintenance.
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1 HrEsE

1.1 BEXFE

Delft3D £ 1 WL | Delft Hydraulics 7 %& i —
K ZHHE R EE BB R, R8s TR
B O R B IX K Bl ) KRR R TP B Bl A R
PEEAD, MW R N ER T ERAE T AT RS E
R L 1) =4k Navier-Stokes J5 2 F i 7K M & #E
TR, BT 4R IEAC AR AT o B2 158, £ A
7 FAKFE FIESEH 2 ANJ5 1] o FRan I J7 ).
BTN

g, 1 Ad+puG,l 1
o e fo 2¢ VG VG,
a[<d+§>v VG ]+9w (d+ 0 (gn—gow) (D

I
K g ABH LKL ¢ NIl d 253 % T L
TG susvaw 53915 &n Rl o I B B9 G,y G
IR TE AR R 5 RIR AT R (2 2) Z ALY
PR B 0 qou S OCRI AR AN H S AL
&My T ShE TN
u v Ju, w Ju_
+J— ag+@ dyp d+¢ do
g a/G_ﬂ+ uv 8@_
VCe/Gy % GG, M

fo=

__P
oG

max (e »ves) 2 ]+ME @

+Ff+<d+g>2 %

dv, u_ dvu v dv, w dv

VGg %€ d+¢as

F 31]+d+§ do
% 3/G m o UU
«/GE VG, 91

= TE
p

max (o »v.1) 22 ]+M (3

H: o AIKBVEIE ; f IR R E G o A =4 E )
i 2B 00 =Ck% /e, Hop C,=0. 09,k NiwsIEE,
e NETAER R, R ke ZHHEAL 0, W E R
e (1) B R B vnat WK WIIB BN R s Pe o P, 43000 €
Mg FESBE; Fe F, 235020 & Ml g F W HZES)
SRR BN J1 s M, M, 4330 & R g J5 18] iy itk 3
SREUK AR | B IR B ST 1 SR AN AE 5 1 AR B 3l
=2

F* H & = 1t SWAN ( simulating waves
nearshore) JVRBLAY , B2 T Uk TR 75 BE 15 # iR BE DL UL »
IR B AR A0 LA B A 5505 115 7 R R, B Rk A
MR @ y.2) TR ilzﬁiﬁ:ﬁl‘%jﬂ

—N—i——c N+—CN+ Ze N+ HC&N—ﬁ

Gy | o
o Gy % e

i[vml +

(d—i—;‘)2

4



Ho5H

E RN, 55 AR TIP3 it id ok 3 1 2 m 615

KA N HWEANEHE R ;0 TR ; 6 R IR
FERETTIA 5 ¢ nCyne, F ey 51 NR 21y -0 T A LR
BEIRAERE T S MURI , A dd KA TR (FERI . JEZR M
RN R A, 3R () A — TR U YR A IR T 1) A
AR Ak, 88 I AN SR =00 A e TR AL HE H B 2x (A1 AR AR 1)
S 55 WISy T K I 6 R 2235 B A 8 2R
56 LI R H T K T 5 | AR 3T SR AL KBS A
AR A

Siu(ws®)= A+ BE (w,8) (5
KA R B 4350 A TR A AT R | A R XGRS
FERREGE (w,0) NEER SR .

Z5 TR, AN A A SE B R A - K b AR
R B 0K A7 55 T3 A B TR AR, A2 B8 I
BIRZSH, R R B IR TR B R 315 B B 4R 3 )
BT, A5 BB K AL PR, 2 AR A
[ 254 R0 8 B — 30, 38 3 B0 22 e S B A a) #
B B SR B PR AR B 1 F R /KL R A
= ARk,

1.2 HEERSSHIEE

FARIE SRR ST BT A i P R R Y By
TIE 5 SR R B 308 Y0 e A Y (AR 0 450 X 350, X5
1 050 mX1 050 m)F/]NH) 25 5 I X S A (R0 4%
200X 330,35 )& 280 m X 230 m) B M7 ot
PR I 2) , H7E/ME R IR 5 R R, Rl
Gy —F X, A & A I WIS 3 B HL R T U A
MR 285X 460,45 54 30 mX 25 m. F X s
TERRIE 2 AL B 4R BEAD Bk LY R, 0~2 m
PRI Y BB, A TF 11, 8%0~17. 2%, 2~5
m SRR R R 3. 2%0~3. 4%, 5~10 m 2
LRGN E B /N, AL 1%0, AT 0. 94%,~0. 98%..
YT B, W m AR 12 =4, 3 ) K
¥ REEIR 10 2.

B2 X /MEBRRERTFXE Mg R
Fig.2 Mesh of big and small models and mesh and
topography of subdomain

RELEDAHEI 0 o K FEMEANAE & 2 138

A2 308 BT 045 B4 0 (o0 A AR AT P /MBS T 4 T 3
FULREVIH R AR BRI R 3 FIF AR R A 1
RS AL A i RO B A3 , R A
AR, B R AR R R A0, I R 3k
SR B FEHE 3 A He i A K BRE 0. 05 m, 3R
JKITREL 0. 10 m, LARI#E Hr 5 1 5 Ak 9P 347K TR 33
FrsE. /BRI R B KF- 2R B B R B 20 m? »
s BT RBESMEI 0. 013 5,3 B E A K 0. 5
min, § 4G 7K HROV- 24 - T

2 1REIGIF

2.1 BRARBISE

OIS IESR A 2013 4E 5 H 11 H 00:00 & 2013
£ 5 B 13 B 00:00 28 £ 5 37k i B A7 1 #2 BRE
SRR M SR 5L SRR & (L
A 3. WU R A 2013 4 5 H 11 H 08:00 &
201345 A 12 H 08:00 My SDLO1~SDL10 (LK
A 14 S0 T e L AR Bk, XoF bk L T A AU 7] £

0.8r — gl

0.4

o SL{E

0

7/ m

-0.4

o0 )

_0.8 1 1 1 1 1 1 1 J
00:00 6:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
BZ]

B3 BdRERIE
Fig.3 Validation of tidal level

AR spLoy

SRR shLo
I s o8

S SOLOY g SRR SDL LD

S S0

ami sty

4 M=%

Fig.4 Position of measurement points



616 M ¥F K % 2 m(E AR 2B

H46 %

HHRE S S, 5 R R R (LA S ME B LA 6)J7 [ L3 RES i S SR 2.

- SDL08

508 o SElME

g 06 —WHA

N

bl

1=

&

H_ 0 1 1 1 1 1 J
08:00 12:00 16:00 20:00 00:00 04:00 08:00

iz

= SDL10

i o Sl

g — W HEE

<

st

ﬂs O o

§ 0 1 1 1 1 1 J
08:00 12:00 16:00 20:00 00:00 04:00 08:00

&)

SDL08

360 o Sy

~ 2700 © — iHEfE
= 180
£ 90

O 1 1 1 1 1 J
08:00 12:00 16:00 20:00 00:00 04:00 08:00

I 2%
SDL10
o Sl
— i
o ]
° o]
[¢) ooo
° ° 000
0 I [R) 1 1 I )
08:00 12:00 16:00 20:00 00:00 04:00 08:00
)

5 BLEIN & (SDLO8 #n SDL10) e E 77 [ T ¥ . 7 B — 4 1 iE

Fig.5 Two-dimention validation of average velocity and flow direction in vertrcal direction at

selected points { SDL08 and SDL10)

R -
~ °, o SfH
b . — A
E
S~
i
’K’\-;— O 1 1 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00
2
TR

~ o Seilfi
b — I EHE
g
=
=
’Hg 0 1 1 1

08:00 12:00 16:00 20:00 00:00 04:00 08:00

i %1
&R

08 o SEHIME
06 — i HEE
E 04
= o
s 0.2 - . \

0 1 1 1
08:00 12:00 16:00 20:00 00:00 04:00 08:00
it 1

360 = o FLIf
— e

0 1 ° o 1 1 1 1 J
08:00 12:00 16:00 20:00 00:00 04:00 08:00
%)
TR
360 o Sl
~ 270k 600 — i HE

= 180 °
5 90
0 1 J
08:00 12:00 16:00 20:00 00:00 04:00 08:00
%)
e
360 . o Slifa
~ 270¢0 0 — A
= 180
B 90
0 1 ° 1 o 1 1 1 O
08:00 12:00 16:00 20:00 00:00 04:00 08:00

I 41

H6 AL (SDLO4)EE T RE. [ = 48 1iE

Fig.6 Three-dimention validation of velocity and flow direction in vertical direction

at selected point (SDL04)

2.2 ERERIEIE

MRS R BRIk 2013 4F 9 A F 12 A W%E
3 1 BB SF I S ¥, 15 B IT KSR W A4 R - R
YRR His=0. 29 m, YRR T=3. 96 s, KB
Mk 161°3RIRIRE His=1. 29 m, XA AY T=
6.50 s. ZETH AR B AL AR A IR AL, R g S

PR 3k Ak 30 8 A 3 70 3k IR 0. 29 m Fll 3. 96
s BRIR 1. 28 m 1 6. 80 s, LM —3L.
2.3 BEGEH

NT RN K S BB RIS, T
BRI RV IRER AT, ASCR A HETE
R AR 2 FhVFH 7 e —— i 23 Ho i 22 SR kU



Ho5H

E RN, 55 AR TIP3 it id ok 3 1 2 m 617

Wilmott it 2477 M XHAM R AT I
53 Ho i 22 Rk T R B A IS5 2R M 55
WHE D Z 88 H 73 LE 25 R ITE I T BUR .

N
EWﬁM|

N
2D
K o WAL RLR 22 R B o<<10 B BEH AR
4, 10<a<20 BV AR H 4T 20<8a<T40 B P74
K. 100>>0>>40 BT 2.

Wilmott S8 124 Jr 1675 1 T 5L I F0 52 0 - 34
1B 1) i 22 B 2R 3 R0 S 000 - 3591 1) e 22 5 7
FIM SR B

N
DM, —D;|?
i=1

X 100 (6

24

s=1— D)

N
Z(|M_Ez|+ |Di_Ei|)2
i=1

s ARFSLME D AL FIMED H i 22 R
S M RIS S35 {ED A 225K T & IR AE S AR B
0<Ts<C1. s=>0. 65 BFPFH A GF 0. 5<Ts<20. 65 B IF
M RAEE L, 0. 2<Cs<0. 5 BHTA R, 0<Cs<0. 2 B
PEM 22, s=0 R BB EAE RN SL (8 2 18] 52 4
AFF. G AR R T A RCR R B SR 1 By
7. Bl LB H A2 56E A1 SDLO1~SDL10 i i 671F
1) Wilmott Zi 2% 5 IR Hr 45 R B R iRaF, B4 1k
T 2 2R VP 45 S R S AR B 47 BB AR B - B (E
55 SEME YA e BT Lk TR T AR 55

3 BEEWESEREAKIASH

FHBALJF i K 3 T JCERERL, 23 50 % i
HHIHEN TR T Y U R 5 i 035 0 R
BEAT AL, 3% AR i S KK 3 1 2B AL BEAT 20 A
FLEL.

£ 1 BELLEZEZEN Wilmott FitFEF*E
EHER

Tab. 1 Evaluation results from the percentage bias

method and the Wilmott statistical method

Wilmott &M RYE A HmMERE

FENIE TEM 4R HESEMEER

s TR a RIS

REGEA 0.99 Ml 21. 89 #F
SDLO1 ¥ 33 0.86 ;338 27.21 -
SDLO02 #ii# 0. 87 WilF 25.52 jizs
SDLO03 Fii# 0. 86 WilF 29. 25 jizs
SDLO04 3 0. 90 WBAF 23. 63 it
SDLO5 Ji3E 0.91 WBAF 24, 39 it
SDLO06 Jii# 0. 85 WilF 27.10 jizs
SDLO7 Jii# 0. 89 WilF 25. 27 jizs
SDLO8 ¥ 0.75 Ml 33,54 it
SDL09 ¥ 0.88 WA 27.90 jias

SDL10 & 0.97 3830 16.73 E[5 572

3.1 BIFE AN R 4 AE

AU RISz T TG BT 2K 30 ) 5. B T
YOS T DX IURE 30T 2 90 » TR I B 30 ) 7 3L B i) AR
b5 R AR BRAF TR VAT, B R A PG R i PG 1) Y
AR AR AR 18] 8 9 A L 2 R S

B 7 45 T VI RS 2 BT - F R
AALAE O (AR 5 35 W 800 TR P ¥ 80
TR U5 I K U 1 B A PR AT R X
J MR TS R D B /N BRI, WM IR
J A BERERAE  /INWE BE B U 5 R AL A AR TE VD 30
. R 20, 0 I TRFE A R S5 00 TR ) 3 4
R, TRV C B3N 35T 1.2 em » 571,
ARUD S TR A A 7S [vd) 2 B2 ) 3 494 0 T 7 2%
YOS AN B SN ALk , O SR WA B2 W BE 3/ T 0. 2
cm s PRI 2 T PAE K S 2K
SOGB4 U B8 S 25, 4 ¥/ $OUSIU IO 4 93
ARSI 1 em « 571, YLD A ITTRAL 3E5HE 0
BRR,1K 2 em » 71 JFH i YIS WAE M, 8
ST I RO 4 00 A T84 K 5 0 SO SR Aok 7

a Pk

b G2
B7 AZRZDNRENEEER A THEREES

Fig.7 Variation of average velocity at typical moment in vertical direction

before and after the construction of sandbars



618 M ¥F K % 2 m(E AR 2B

H46 %

HIBE R R TEVD I C AR f K3k 2 cm « 571, [F]
P, 2 ) /)~ R ) 0 B0 ) XI5 U 3 R Ok 2> 2
2k 0.5~1.5cme st

YR RS GBIV R = 4R R T B
RE 8 s, B LE MESWL B REMIEE

T IR R e, N KT V03I 0 S S R o 32 T 4 )
Fsh Jr L R AR 9 VIR SRS T 2
2K )2 R E 2 e (LR IR D, 75
U B AR IEI94E 2 em » s UL SR —
HEIH AR B

s JE/
(mj -1)

— oLk n

a YRR

b YWl R
8 IIBIERIERES

Fig.8 Velocity field before and after the construction of sandbars

REE/

(cm. s~

1L so——
BI=— OO OONIND

==t

9 HNMBEREEIHXNELREE

Variation of average velocity in middle layer at

Fig.9
the moment of maximum ebb before and after the

construction of sandbars

3.2 KIRIF IR

FFBAIE R B A AL, 43 55 T A
TEIR0. 29 m)FISRIR (L. 29 m) HA 5T MR
Y, IR R 161°, ZEMLERE FRFSY T BRI N T
T2 1 W) .

PR 0. 29 m M EIRIEALT , WO EHT G
VOIS AR O T X T AR A ST BT . BT
PR HE X T VD L T A4 K R A /N, YD IS X8 IR R
PR AR AR IE 2 —0. 02~0. 02 m, V3% g M AT 5]

R ERAR.

B 10 B TERRE N 1. 29 m WRIBIEAT .
oI RS AR AR L. T LB B, Vb W00 SR IR
AT BRI WEEA, YIS X0 3 R >
0. 5~0. 92 m, I = A9 IR IR A 50 % ~69 %65 Yh Il
T 58 0 8 98 /N 0. 52~0. 81 m, B¢ 75 19 ) B 0 B o

B 10 EREATINRBENERSE

Fig.10 Variation of wave height in condition of strong

wave before and after the construction of

sandbars



%5 E R, % AR T 8 ik a5k sh 619
49%~57%. 59: 459.
[6] LARSONM, PALALANE ], FREDRIKSSON C, et al.

AR R, KT ATV LR W E/EA, 78
HRTR I K BRAR AT T8 780 PR R /N W B A B3 33 0 14
RT3, BUAE R IR AR T, I R M AR Ak I R B
B, MFESRIR AT , VTR A 5 4 X
] AR 2 50 % ~70%.

4 i

(1) w8 3% 35 W TR 1 38080 % T e/
iR DX S I 1) 5 SRR B AR OTAT , WK A O T B R
PU I, 580 W AR AU A AR 1) 5 S B A I B A AL D
IS » ALY R I 0 3 52 BN R R ), VD 33
TO0 ) 35 P I 0 /N W 8 A, Y0 SR s LA B b 3L 2 T X
395 A4 T80 I A /N R RN, A = 3 R 3 T B R
KE XBHINREERE ZIRZ 2R/ NEH T
UWIE G , & 2 MRS ACR /N 224k

(2) YIERLE » Y W T I8 = A T AR 1. B IR
YE BT, Y ULE BN E A K AT FI UG
X SEHE A AR A 5 WA BTRAE P A8 58, TR 1= B U8/ N I
B Z 3K, AESRIR AR T, Y I HE DX U o B
R4 50%~70%.

(3) Wtk B& . hilgdin s 4 SATK TV
W 5 - W IR K 3l 1 3R 5% 101 6 A A Tl pE SR b
77 1) .

SR

C1] ks, ATIRmrrsim A 2 i B el (D] RE.
REk#, 2014.

ZHANG Linlin. Study on equilibrium beach nourishment profile
and numerical simulation of its evolution[D]. Tianjin: Tianjin
University, 2014.

STEERS J A, BIRD E C F. Coastline changes: a global review
[J]. Geographical Journal, 1985,152(1); 108.

MEE. WREREMSIEEA TP HANED]. F
5 PEWERE, 2014,

ZHAO Duocang. Study on the sandy beach erosion and

[z]

[3]

protection technology of the offshore artificial sand bar[D7J.
Qingdao: Ocean University of China, 2014.

HAMM L, CAPOBIANCO M, DETTE HH, et al. A summary
of European experience with shore nourishment[ J7]. Coastal
Engineering, 2002, 47(2).237.

KARASU S, WORK P A, UZLU E, et al. Beach nourishment
alternative assessment to constrain cross-shore and longshore
2016,

[4]

[5]

sediment transport [ J ]. Applied Ocean Research,

[8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Simulating cross-shore material exchange at decadal scale:
theory and model component validation [ J ]. Coastal
Engineering, 2016, 116; 57.

BROEKEMA Y B, GIARDINO A, VAN DER WERF J J, et al.
Observations and modeling of nearshore sediment sorting
processes along a barred beach profile [ J]. Coastal
Engineering, 2016, 118; 50.

R, A, 2,54 REWMRFTIR0]. iR
LR, 2011,31(3):133.

ZHUANG Zhenye, CAO Lihua, LI Bing, et al. An overview of
beach nourishment in China[J]. Marine Geology & Quaternary
Geology, 2011,31(3); 133.

KOSTER L. Humplike nourishing of the shoreface: a study on
more efficient nourishing of the shoreface[D7J. Delft; Delft
University of Technology, 2006.

SKath, FBAE, TR PvRIEA T DR I T R R
BB, AKREHERE, 2012, 23(1); 104.
ZHANG Chi, ZHENG Jinhai, WANG Yigang.
simulation of wave-induced sandbar formation[ J]. Advances in
Water Science, 2012, 23(1): 104.

DETTE H H, LARSON M, MURPHY ], ef al. Application of
prototype flume tests for beach nourishment assessment[]].
Coastal Engineering, 2002, 47(2): 137.

ZILINSKASA G, PUPIENISB D, JARMALAVICIUSC D.

Possibilities of regeneration of Palanga coastal zone[ J]. Journal

Numerical

of Environmental Engineering and Landscape Management,
2010, 18(2): 92.

Kedk, BE, REK. 5. LR AL EREFRT R
PRI PEEBERESH(BRB SO, 2013, 43
(5): 100.

ZHU Jinlong, SHI Bing, YIN Yunzhu, et al. Study on the
protective effect of off-shore artificial sandbank to beach[J].
Periodical of Ocean University of China, 2013, 43(5); 100.
ERE, BN, A, S, BEUKISIR R R SRR
MRZRSHLI]. B XFZRARBZER, 2014, 42
(5): 689.

KUANG Cuiping, MAO Xiaodan, GU Jie, et al. Analysis of
hydrodynamic response to beach nourishment at Tiger-Rock
Beach[J]. Journal of Tongji University (Natural Science),
2014, 42(5). 689.

e, T, WEVE, % AT R I7E IR B R
I DACER R IR TR L) . M BRI, 2013, 29(2):
23.

YANG Yanxiong, YANG Wen, QIU Ruofeng, et al.
Application of artificial submerged sandbars to beach
nourishment[J]. Marine Geology Frontiers, 2013, 29(2); 23.
ALLEN J I, SOMERFIELD P J, GILBERT F J. Quantifying
uncertainty in high-resolution coupled hydrodynamic-ecosystem
models JJ]. Journal of Marine Systems, 2007, 64 (1/2/3/
4): 3.

WILMOTT CJ. On the validation of models [J]. Physical
Geography, 1981, 2(2);: 184.



