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ABSTRACT

This study carried out several laboratory tests such as water tank settlement test and two—dimensional water flow test to
investigate settlement and scour characteristics of a square—shaped hybrid reef which was reinforced with geogrid. In addition,
numerical analysis was also performed to find out scour characteristics of the square—shaped hybrid reef with different
placement types (type A; straight placement type, type B; zigzag placement type). Laboratory test results indicated that
settlement and scouring depth significantly reduced in hybrid reefs reinforced with geogrid, compared with those without
reinforcement. Two—dimentional water flow tests and numerical test results also showed that scouring depth and flow velocity
of placement type A more decreased than those of type B.
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Fig. 1. Field sampling soil

S dehdh drefzdd 23 B AADS0)2 oF
0.085mm= UERon, AR ZHUSCS)o oJa) AE
A "H(SM)E BREQIt £3 opd AHS Ea 23t
A Az Hagpule 247 14.73kg/m’ T
17.55%5 eyt

ug lpolzo] RS ARk o] BRe] 2]
G0 B4, 4T A9 9 29 4 5 17
5] Froude AP A1 webA] 1:409] W2 Ha6)
THRyu et al., 1986). Table 28} Zro] ALzt £ <l
Z 29 7] 75mmx50mmx60mmo]|t}, Q3o
7 A S0 wek AR g4lo] chn, fand
T4 Sm~15m ool AX|sfjof gt wheba A3
498 A A7) 39§47 H2RE oz
Zol(10m)E 11&sto] 250mm=E SFATh F45-2 Q)
2 A SsemeT B3 2 9 A
AgkE aresto] 150mm/sE 4-8-5k3ict

ol
2 3R

K

2 o

FL‘

i

B oo x oot 2 B oo

=

R

Af2k B3t Qo) st AAE B Aol A2
2 17 f- ol w2 Wsh B4 Abulns] 913 Fig. 3
o

ik o2 Foli= WY, UEY, 2HY ofx 5 o B s gy sxs
29%9] AE5E ol ZA L el 4B ol B 05m, Fol Lomol, Qo] dmolch Ak 24
LAY B Aol HARE o2 BREL 2 8] 98 fxol S AL ¥ AxE FS 204 A
0 Sz W5 A L2 2 AlE AR SASH] olgelo] SEUAEOR ANk ZASkh $EHAR
sl of=2E B FAFE o83t Fig. 13} 22 ALY <= ool EHE Ad A AR 25 YeEle
Table 1. Geotechnical properties of field soil
D50(mm) Gs LL (%) Pl (%) uscs ymax (kg/m°) OMC (%)
0.085 2.69 29.6 SM 14.73 17,55

Table 2. Experimental conditions for design condtition

Artificial reef Experiment parameter
Scale Type - - -
Size Weight Wave velocity Depth
0 Real sea 3mX2mX24m 10.38 ton 1 m/s 10 m
' Experiment 75 mm X 50 mm X 60 mm 162,19 g 150 mm/s 250 mm

(a) Artificial reef model

(b) Weight of model

Fig. 2. Artificial reef model
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(a) Installation of artificial reef

(b) Unreinforced artificial reef (c) Reinforced artificial reef

Fig. 3. Large size water tank test
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(a) Placement type A (b) Placement type B

Fig. 4. Placement types of artificial reef
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(a) Type A

(b) Type B

Fig. 5. Placement types of artificial reef for laboatory test
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Table 3. Numerical modeling conditions

Fig. 6. Boundary condition
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Structure model Artificial reef (m) 3.0X2,0%X2 4
Average particle diameter (D50, m) 8.5e-5
Sediment 3
Specific gravity (kg/m°) 2720
Critical shields parameter 0.05
Gravity acceleration (m/s%) —9.81
Fluid density (kg/m’) 1000
External force
Fluid viscosity (kg/s/m) 0.001
Velocity (m/s) 2
Depth (m) 10
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Fig. 9. Scour depth with different placement types

A 3 B o] WStk BAE Ajgke] ol Al
Zo|mr iAo We kolz stk WA A
= A9 A9 (Fig. 9(a) 3 WA AFoixoA 4 2 4
o] wAsion, £ A W Al WA QgolzelAs
A2 Zol7k AdhA o A vekgth 58] % WA
91413 AFol20] A4S AlZ Zolrk 71 Attt ojefat
Aaks 3 WA AToI2Tt B8l Ate] Flo] AHE
QAgoixo] A4 Ao AL ool Wl A5
B2 A Zol7h A7) ekt Aoz Relck uhe uj
= B Z9(Fig. 9b) A1Fol2e] ANt Fygos A
2 0|3 glof R uA AFolZet T WA Qlgolx A
2 Zol7h Akt Ak wech

3.3 FX|¢N Z}

Fig 10 523400 488 9% §4 BTo 72
Bo] gl A9olA §UBA S50l 2mied ©E 7z

ol S0l 2 UEE 4459 dAEEE Holh 2

2 2.03m/s0] 3L, A vpzko] ofgh Mekg-Eo] kS
U2 Eole Ao REE oF 1.5mE Yepton, HA
Ao g 53 2719 {5 BE2E U o714 &
o] 0m/sQl =4 -2m~0m 17h2 YA A|REO.Z LA &

?.
A7AACIA 100m Holxl XgolA] Qlgolza
EY

ra,
S

14

12

10 O—

Depth (m)

0 1 2 3
Flow velocity (m/s)

Fig. 10. Vertical flow distribution

of itk

Fig. 112 #4784 fr550] 2m/s, S40] 10mel %] 3}
A 2704 500% o]
Z(z=0.05m)2] §-45 W]

4os'
Ji
rO
oK
°
BN
1o
=
N
1
=
ru
2

HiX| HEfOl WHE ALY =g AS0ix9 &st &

N ERS 7



WHTHEER L

>
=

(RIS

il
U

DO

| L [Lyteminiemiinmg | ||

(a) Artificial reef type A

it
Wil

L s

SLLL s

L s
LY

Bl ===

B2

L
i

N

RN
i

(b) Artificial reef type B

HIL
QI
LI eI

vt

I
!
I
I
|
w
N

AR
AT

T T R P SR ST

mmlu.mmmmn.,,
Il

Fig. 11. Velocity vector distribution (z = 0.05 m)

T 5 HEZ sl AHE AREe] o] dojut A=l
AT Ao Hlty Zh vz o] uhE 45 WE &
EE AvEH WA HiA = A(Fig. 11(2)2] 45 A5
Z27F dAem AAEo] Qlof, F HA W Al WAl ¢
2|5k 92 wlg o] 377} AFF oz Aty ok viA
&= B(Fig. 11(b)¢] 4% ¢! 00127} A 1AL FE = o]
Asp A vz = o] qlo] A Aol HA|ek QlEol2Tt +
Aol 123 QlFolxo] 35 S/ A FFE wiA
7] gkt

QlFol 22| 7t ujA|mo] W f4 RIS Anjny| 9
aff zH A moA] Qlpolze] F4] whele] whE f450) 2
715 24slglom, 1 ATk Fig 113} 2t} 2w
4 BES AmEy vy wiXE A9 AXFig. 12(a)
AT 2719) fdr0] ABOIEE WPEA fdso] B
sigon, 3 A Qgolas A S0 A 4

fos)
o
Hi
Rl
re
=
B
=
101
ot
rr
Ho
o
=
>
H
Pl
~
fo

shsick. el MXE <l

of Fzof 47 OJ%OEOM ROz Ao

it Ao e, o1 Q1o A v
] Om/

ofet. Flg 12(b)L 5= Befl A A A Qlgolzet =
A Qlgoize] 7h whio] uh2 {5 £E5 e
27| w4 S g2 A= AL T]—/\]—o]-ﬁi’_b]‘, 5
Fe9] A7)= AiF o 2 e B9t Qlolx
7h AR AS skl ARt doldas WA E B
9] fr&ol WA= AS] fERT H 2 g THle FE
woiet oS ol WA= B B A WA <ozt
T WA Qlgolzo] 75 Agtoll 2 FaFe HIRA| Fohe
AOR Ko, oliet Ak ohA 3%t 2744l 55 4



Velocity (m/sec)

-0.6

-10 -5 0 5 10 15 20 25 30
Distance (m)

(a) Placement type A (A—A’ section)

15 ——
12
0.9
0.6

0.3

Velocity (m/sec)

o ik eashan o —B1-B1' section

-0.3 ----B2-B2' section

-0.6

Distance (m)

(b) Placement type B (B1-B1', B2-B2" section)

Fig. 11. Velocity vector distribution (z = 0.05 m)
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