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Development of hybrid artificial reef and basic structural performance
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Abstract The purpose of this study is to develop a new type of hybrid artificial reef that can solve the problems
of construction, installation and operation of existing concrete type and steel type artificial reef, and to evaluate basic
structural performance through static loading test. For this purpose, we evaluated the strengths and weaknesses of
concrete type and steel type artificial reef in literature, and developed a new type of hybrid artificial reef which can
effectively overcome the problems of each artificial reefs while maintaining the advantages of two artificial reefs as
an alternative respectively. In order to evaluate the merits of the proposed hybrid artificial reef, it was confirmed that
the possibility of securing the convenience of the proposed hybrid artificial reef in the field and the possibility of
securing the desired advantages were confirmed. Also, the static loading test was performed to evaluate the basic
structural performance of the artificial reef. Through the above study, it was confirmed that the developed hybrid
artificial reef exhibited proper structural performance while securing easiness of making and assemble.mm) can be
predicted to have a low value up to 60% of the strength of cylinders without reinforcement.
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Fig. 1. Model 1 hybrid artificial reef

Fig. 2. Model 2 hybrid artificial reef

343

Fig. 4. Bolt connection of hybrid artificial reef units
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(e) Unit module after assembling
Fig. 5. Assembling procedure of unit module



‘mo
Jo

s

K

Aol T2

HO

Jlo
70

K4

HO
ol

]

T 7

B

S

8

=
T

ol A

[e]

5

=2
=1

= 7z

=

=

2 2

3.1 7}

o ke Aol WAl o)

s

(Fig. 7 #&=x)

g AHE 7k

Ho

o

= A=

Atk @ A9 dAelA

o]

Al

\=]

o 7} %

Zy <

v

35(577.8 kNyo| AA

9

= A

3}

S

A

=
=

Bl

1

ks
el

3.2 718 At

o] ol o

A A% )

=i
=

A2l o] et

}_
I oh(Fig. 6 F2).

°©

A

B
ol
KK
of

rvee]

1

A

ey

TEAZE B2

jol-

A ol

=l
0
adl

rveel

X

O’

Displacement (mm)

700
600
500
400

00
200
100

Fig. 8. Load-displacement relationship

Fig. 7. Loading point detail

Fig. 6. Test set up

-y
<]

o))
o0

™
]

Fig. 9. Failure mode of specimen

345

7HA

=

=

o e

2

v

Ea

]

(e}



HERE TP

S35 4198 A5, 2018

o

4
O

ot

o

-

O Y ox
NoHoor

3

>4
ruﬁ lg

¥, 4z o
=

Load (kN)

100

Fig. 10.

700
600
500

400

Load (kN)

300
200

100

Fig. 11.

o]~

E Lo
3
AL .
Lo

II.
o
Og..:‘
O
oy
B
O
5
O
=
O
_EL

-1200 -900 -600
Strain (x10*-6)

Load-strain relationship
(compression members)

100 200 300 400
Strain (x10*-6)

Load-strain relationship
(tension members)

Hoh e

500

-300

Aol = Jr%Oﬂ wkw 141?:‘ Xio}i’ A4
Egﬂcﬂ H7H°ﬂ 745]04\:1 /KEaﬂ
KFig. 10, 11)IA %=
Eo] AA A stFel APt 9}
[e)

), o|Z22 o7 dAate ¢

Aol WAT AL ¥ 4 ook U AHgeE =
A

600

—8-1

B-2
—B3
—b84

ol A9 A8 0 28 e 4
5y

=0l ¥

ozl 4
SN L

700

346

4. AE

ol AT ARE e
D 71

aokshyl vt ot

Agolze] BARE A% 2 4Ae

AdsieA olzo] avHE A%

= BYY dgolxs A,
2

wet O,

>

oL

r mlo
30,

2)

x4
2
i,
dz
o
ﬁ

>
i)
K
ru
4
)
s
o
iy
2 e
10
-0,
L)
o 4
f oy
BN
ro

S
N
olf
o
o
1o
2
i
3
il
°
N
ol
o,

Lo oxe >
T e ®
to
o I
0 o
Rufgy
=

w oMo

oo
e
ofr
ol
ol
N
sk

3)

i
Lo
ol
-

o
o
olf
i)

Rui DA

~
~J
oo
- lo
fru
)
A
o
off & X

ot
ol
Qo
2
b

[0 X ofN o X
to
-
i)
il
oX

.
L

[r
w2

4)

do
[l
il
2
o
2
Al
ot
i,
2
%9,
o

o ¢
"

ofo
ol

i
o=

L
N ‘101‘ 3 HU Y

2

w4

2
02\:4“
i)
2
o
o

References

[1] Y. J. Kwon, “The present situation and approach methods
for improvement of artificial reef’, Magazine of the
Korea concrete institute, Vol.14, No.6, pp.72-79,
November, 2002.

[2] J.H. Kim, S.K. Kang, C.G. Kim, Y.J. Kwon, M.H. Kim,
“The present condition of domestic artificial reefs”,
Magazine of the Korea concrete institute, Vol.14, 2,
pp-61-69, March, 2002.

[3] Ministry of Oceans and Fisheries, Implementation and
management regulation of artificial fish reef facility
business, pp.1-7, Ministry of Oceans and Fisheries,
2013.

[4] Kangneong Univ., “Research report : Development of
artificial reef using oyster shell”, pp.1-32, Kangneong
Univ., February, 2002.

[5] S.H, Choi, M.Y. Kim, E.I. Yang, “An experimental study
on the development of functional porous concrete for
artificial reef’, 2006 Autum proceeding of Korea
concrete institute, pp.869-872, November, 2006.

[6] C.H. Hong, M.H. Kim, G.S. Woo, S.H. Ko, “Optimal
mix design model of recycled aggregate concrete for
artificial fishing reefs”, Journal of ocean engineering and
technology, Vol. 18. No. 1, pp.53-62, 2004.

UCI: http://uci.or.kr/G704-000698.2004.18.1.004

[7] C.H. Hong, S.P. Ryu, S.B. Park, S.C. Kim, G.H. Kim,
“An experimental study on the application of sulfur




=)

concrete to artificial fishing reefs”, pp.2192-2195, 2006
Annual proceeding of Korea society of civil engineering,
October, 2006.

[8] CH. Hong, S.C. Kim, D.Y. Jung, Y.G. Lee,
“Development of environment friendly artificial fishing
reefs using sulfur concrete”, pp.3623-3626, 2007 Annual
proceeding of Korea society of civil engineering,
October, 2007.

[9] Korea fisheries resources agency, Categorization of
artificial reefs [internet], Korea fisheries resources
agency, Available From http://www.fira.or.kr/fira/
fira_030404.jsp (accessed May, 15, 2018)

= H(Hune-Bum Ko) ENE ]

Kl

019923 3¢ : Kyoto Univ. thghgl
A%} (T
020073 3€¥ : Kyoto Univ. thgg
A BT} (T
01992\ 109 ~ 1998‘:3 29 . F
I AT FUATY
020121 1¥ ~ 2012»3 124
/ Ghent Univ. 2=}
s Jetrg AU A5y wg

<@ ok
NEAT, AZA2
Z 3| S(Hee-Dong Kim) ["3|H]
01997 29 : F4UTgw AFHT}
7} (F8AAD
02002 2€ : FYUTgw AFHT}
e Ton ¥} (F8Ah

s 02006 8¢ ~ 20124 2¢ : &4
" AAF2 3|4} A

- 02012 3¥ ~ &A
- st A5y Fue

SEEEE

<FH ¥k
ARTRE P, A% FYTE, AF P2

347




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


