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Experimental Study on Development of Artificial Fishing Reefs Using
Environment-Friendly Sulfur Concrete
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ABSTRACT: New artificial fishing reefs are developed using modified sulfur concrete. Modified sulfur concrete, which is made of by-product
aggregates and todified sulfur binder, has good properties, including high density, less water absorption, high strength, high salt resistance, and
good affinity for living organisms. This paper shows the mechanical properties of modified sulfur concrete and its field fests under the sea. We
have found that the pH-neutral materials attach micronlgae and seaweed more readily, compared to the pH-high materials.
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Table 2 Mix proportion of plain concrete

o
)
]
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ol
qu

T W/C S/a Batch quantity[kg/m’] Slump Strength
ype [%] (%] W C s G AD [cm] [MPa]
o
am 55 340 157 361 610 122 108 8 30
concrete

Table 3 Specimens for strength and chemical test

5 Sulfur Plain Underwater
e concrete concrete location
¢ 100 x 200 mm 80 EA 80 EA 15 m
76 x 101 x 412 mm 6 EA 6 EA

Table 4 Specimens for seaweed adhesion test

Sulfur concrete )
Size Rugged Normal Plain Underwater
surface  surface concrete  location
180 x 180 x 40mm 3 EA 3 EA 3 EA 1m
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Table 5 Dimensions of artificial fishing reefs

oz e A% YA A7 61

Aoz B &

Width [mm] Height Weight .
Type ke Y AT— [mi}]\ [toi? Design concept
Fish reef 2,785 3,100 2,000 3.0 Fountain
Seaweed reef 2,793 2,940 1,060 25 Shell
Upwelling block 1,000 1,000 1,000 21 Cubic
Pipe reef 500 500 6,000 10 Hume pipe

Table 6 Configurations of artificial fishing reefs

Type Sulfur concrete Plain concrete Underwater location
Fish reef 1 EA 2 m
Reef
Seaweed reef 1 EA 16 m
Upwelling block 1 EA 2 FA 2 m
' 1SET(3 EA) 1SET(3 EA)
Pipe reef . . 2 m
pe (Skpolymer pipe) (Hume pipe)

Table 7 Test results of compressive strength(unit: MPa)

Table 9 Test results of compressive strength(unit: MPa)

Curing age Sulfur te Plai et Curi
ring a8 conere amn conerere wrng Sulfur concrete Plain concrete  Test condition
0 day 57.8 33.0 age
30 days 53.9 30.0 0 day 427 334
60 days 53.8 324 15 days 419 197 Under seawater
% days @7 33.4 30 days 410 17.9 90 days after
10 % - HxSOq
150 days 418 362 60 days 479 215
90 days 403 14.0

Table 8 Test results of freezing and thawing(200 cycle)

Under seawater
Sulfur concrete  Plain concrete

condition

90 days 88 % R %
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Table 10 Test results of pH leaching

. Under distilled water Sulfur concrete Plain concrete

Curing age condition A B C A B C
1 day 75 74 75 104 105 104

1 day
3 days 7.6 7.6 75 119 11.8 11.7
1 day 7.3 74 74 105 103 105
7 days 3 days 74 7.3 75 11.0 114 115
7 days 75 74 75 11.5 11.8 11.0
1 day 72 72 73 101 10.0 99
3 days 73 74 73 105 104 10.2
7 days 74 74 75 111 109 10.8

28 days
14 days 74 74 75 114 11.2 11.0
28 days 74 75 75 115 114 113
60 days 7.5 75 75 118 11.6 115
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Fig. 1 Photos of chemical resistance test

(a) 10,000X

Fig. 2 SEM images of plain concrete surface(a) and sulfur
concrete surface(b)
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Fig. 3 Photo images of sulfur concrete artificial fishing
reefs and attached marine organism
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