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A Study on the Subsidence/Burial Characteristics of
Artificial Reef Constructed on Soft Seabed Conditions

Hyun-Chul Ha

Department of Ocean Engineering, Graduate School.

Pukyong National University

Abstract

In this paper, we found the subsidence/burial characteristics of artificial
reef on the soft seabed conditions such as marine clay.
First, we studied the static subsidence of artificial reef on the soft bed
under the model experiment. And, the shape characteristics on the subsidence
were discussed.
Second, the dynamic characteristics of artificial reef on the subsidence were
discussed considering wave and flow.
The results of this study obtained were summarized as:
1) Initial subsidence of artificial reef on soft seabed was in inverse
proportional to shear strength of seabed.
2) Dynamic subsidence of artificial reef on soft seabed was proportional to
K.C number.
3) Dynamic subsidence of artificial reef on soft seabed occurred under the
condition of K.C number is 1.
4) No dynamic subsidence occurred in steady flow field.
5) The most effective parameter on the subsidence of artificial reef on soft
seabed was not flow but wave.
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Fig. 1. Flow chart of study about artificial reef subsidence.
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1.Water depth

Insitu survey of

artificial reef  2.Strength of sea
subsidence floor
3.Sediment grade
Static weight experiments Hydraulic experiments distribution
I 4.Subsience depth
1. Pillar type 2D field of artificial reef
triangle, square, 1. Flow

2. Wave
3. Wave & Flow

circle
2. Dice reef

Shear strength UT
KC number : 7
T
q ; s i Subsidence Velocity :
w .
i Udynamz'c

\ 4
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Fig. 2. Flow chart of this study.
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Total installed area : 152,000ha
Total installed expense : 470,100,000,000won
(1971~2000) - ‘

s . : ‘-‘
West sea @ 19% & KOREA i East sea : 26%
< v ('Y
v Kunsan g.‘
* ’
Pusam »
o.‘
-}
Aol
DY L
~ g
e d

South sea : 55%

Fig. 3. Map of artificial reef’s arrangement(Kim, 2000). Blue
letter shows installed quantity of artificial reef.



Table 1 Vital point of compatible region survey of artificial
reef institution(NFRDI, 2001)

judgement
survey content survey method condition of
suitable site
water depth echo sounder 5~70m
_ divided
dissolved _
measurement more than Smg/ ¢

oxygen(mg/ ¢ )
(outer, bottom layer)

potential of _
" 6.5~85
hydrogen
) current/direction less than 2%
velocity
meter (lowest low water)
submarine flat sea area less
echo sounder
topography than 1/20(slope)
judgement of mud
d (mud : particle of  seabed where isn’t
mu
less than 0.062mm is composed of mud
more than 90%)
existence of native sea area where
native reef reef near sea site of haven’t native reef

suitable survey within 400m
seaweed habitat site.

(but, if sea area
where seaweed
doesn’t habitat,

coastal settling  seaweed habitat site .
suitable site where

seaweed(reef for

marine products survey )
use seeding yarn

living)
and where
propagation of
seaweed is possible)
a site where isn’t
environmental concerned about
pollution environmental

pollution
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1 axis compression strength,
qu(kg/cm)
< 0.25
025 ~ 05
05 ~ 1.0
1.0 ~ 2.0
20 — 4.0
> 4.0

N value

8 ~ 15

15 ~ 30
> 30

4

loose
medium
harden

Table 2 Soft bed distinction about clay

very loose
very harden

Consistency
most harden
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Table 3 Marine clay of Korea(Tojigaebalgongsa, 1993)

‘ Nature : . . .

) Water Plastic . Relative | Organic

Region water . ) Porosity .
. | ratio, % | Index, % density | content
ratio, %

Pusan - 58~84 58~64 10~38 |0.76~2.85{1.1~8.3 3.12
Masan 42~78 31~52 11~25 11.36~1.82 - -
Masan guegok| 101 ~148 | 107~130 | 58~82 281~3.48 - -
Yosu 84~111 74~97 31~65 |2.47~299 - 3.92
Sokcho 83~135 62~145 | 29~95 [2.88~3.89 - 7.07
Nakdongang 27~55 ¢+ 32~53 19~27 10.75~1.45|2.2~13.3 -
Banwoul 24.1~57.1|272~452(11.0~25.7|1.28~1.84 - -
Gyangyang 18.0~92.2|22.3~87.8! 8.6~636 |0.58~3.02 ‘ - -
Youngsangang|47.1 ~68.7{32.4~55.6 16.6~30.1|/1.45~2.23
Gangwoun 64~226 | 144~150 | 92~93 | 3.8~5.04 - -
Youngjongdo 30~50 26~50 16~25 | 09~1.3

o Fasde] 748 A% ATzt 2 T wak U
F Ao Aol 25T B ol A daelA

=
AmEFEA YR 90% o]
e}

Tol M= Fig. 494 Zo] FOLK(1934)¢] Wi o g Ao =4
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in the experiment.

Table 4 Size of thin plate

weight 30.60¢g

thickness 0.05cm

length 16cm

height acm
Estl A Fe §rElt 1 Fo Ag@dst 2AY 2w 2
5o ol oa)x AARe WA HFe) Zrt] WgHw =
2 Sen7E AASHAIE 2 AY o o FHe nAe] WEgr)
1Rt Fo A4HA AW AFe] AVPE doln B
A HBurmister, 1960 and Skempton, 1953). o= Zo] A&7 A
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Fig. 9. Model of artificial reef used in the experiment.
(1-3:Pillar type, 4-6:Pipe type, 7:reef(4.5x45x4.5cm)).

100
 A(dy=0.010mm)
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Fig. 10. Grain distribution curve.
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Table 5 Hydraulic model experimental condition

Terms Scale

Wave period 0.7~15 s
Wave height 0.03~0.157 m
Similarity rate 1/44, 1/46
Weight of model 24,34, 39 g
Width of model 0.043 ~0.046 m
Velocity 0.07~0.38 "
Wave length 1.54~3.66 m
K.C number 0.5~5.00
Re number 3345~17123
Sediments’ shearstress 0.00024 ~0.0027 tf/m’
Water ratio 80~85 %
Spe.clflc gravity of 2 670
sediments
Porosity 2.22
Buoyant unit weight 052 tf/m’

. 50X 20X7 cm
Sediments’ box

26X 22X10 cm

Bottom slope 1:20,1 : 40

Installation Water depth 0.26, 0.6 m

Wave guage

-4 -p wave generator

Dopple velocity meter
wave absorber

>
wave

-

0N C

i
| artificial reef = b

mud

i flow i

Fig. 11. Arrangement of experimental apparatus.
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Table 6 The principal factor of wave-maker system

Arangement 1.0(w) X 1.0(D) X 35(L)m App.

wave-maker board  0.98(W)x1.0(H)m App.

maximum water

0.7m
depth
maximum wave
. 0.3(£0.15m), (front wave hoard)
height
wave period 05~5 sec
Motor AC Servo Motor

structure of . .
. Self standing
installment

wave-maker type Piston Type Regular & Irregular
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Table 7 The depth of maximum subsidence of dice reefs
installed at Jangseungpo area provinced in Korea.

Reef were installed in 1999. A unit means a reef.

Water ) Depth of
Date of ) Installation .
. Region depth subsidence
observation state
(m) (m)
May, 275 A uni 0.6~1.30
angseun ) unit b6~1.
21,2001 ESeungpo
" " 278 A unit 0.3~0.7
August, 10 A unit 0.25
ZObi ’ ” 29 Being piled up 1.40
by some reefs
a unit 0.25

" " 30 Being piled up
1.50~2.00
by some reefs

a unit 0.25
n " B i 1 d
28 eing piled up 1.00

by some reefs




Fig.

128°45'E
12. Location of surveying the state of Dice reef of

subsidence(@ and @ in the map gives the site

installed by a reef and piled up by some reefs).
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Table 8 Insitu observations about immediate subsidence at

Ulsan waters

Water Weight

depth by area Initial subsidence(m)

Observation Sediment

date type
P (m) (t/m’)
August.22,
Mud 20 0.4375 0.02
2001
” " " 0.6875 0.03
" n " 0.9375 0.08
" " 31 0.4375 0.09
" n n 0.6875 0.10
AFZAAde] vlag fs) AA AdFAx HsFoA At
ARG ASe A5E7 AAYEE olgatel AN EY
1999 11¥ A5 X dnprjo AA@ Alzojxe A4 (o
oz el olzE o) 13m, 29 ol4d ASelt Hd) 2mAA A
7. AsEaide AAgo] Az ZFEHAHES A
H 5

M AZEE A= Table 8% 2t} 40cm x40cme] A et#S 713

2ol 70~150kefo] dhFe] WIE FAL u Ex7|HeES 002~
0.095me]th. o] AL s A ARkl #HA 3 F 5¥o] HAe AL u
datgolrt. 2394 7&g Ugo2Ry FAFS o=sd o
Az 02~048me HH7F 2 Zolu EEFHAZY #2A3 A=

e gAz AgE~ydela
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Fig. 13. Initial subsidence measuring appratus.
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Fig. 14. Stabilization charicteristics according to self-weight
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G

Fig. 16. Subsidence of form(triangle, square, circle) for static

condition.
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Fig. 17. Subsidence of form(triangle, square, circle) for static
condition (A:Pillar type, B:Pipe type).
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Fig. 18. Initial subsidence of model dice reef according to shear

strength by different grain size in the experiment.
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Fig. 19. Subsidence of dice reef in the static weight experiment
(/=7 cm ).
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Fig. 20. Subsidence of dice reef used in the static experiment

according to weight( /=0.7cm).
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Fig. 23. Dynamic subsidence according to K.C number.
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Fig. 24. Subsidence velocity according to relative wave height.
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Fig. 27. Subsidence according to time elapse in wave field.
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Fig. 30. Subsidence velocity according to relative wave height.
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